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Abstract. Direct extraction and use of electronic health record (EHR) data is a long-
term and multifaceted endeavor that includes design, development, implementation
and evaluation of methods and tools for semi-automating tasks in the research data
collection process, including, but not limited to, medical record abstraction (MRA).
A systematic mapping of study data elements was used to measure the coverage of
the Health Level Seven (HL7®) Fast Healthcare Interoperability Resources (FHIR®)
standard for a federally sponsored, pragmatic cardiovascular randomized controlled
trial (RCT) targeting adults. We evaluated site-level implementations of the HL7®
FHIR" standard to investigate study- and site-level differences that could affect
coverage and offer insight into the feasibility of a FHIR-based eSource solution for
multicenter clinical research.
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1. Introduction

Real-world data (RWD) holds promise for (1) extending clinical research results to real-
world evidence (RWE) and evidence-based clinical practice and (2) overcoming the
threats to generalizability and effectiveness in real world-settings that can occur with
tightly controlled clinical trials. At the same time, reuse of RWD, including, but not
limited to electronic health record (EHR) data, may offer relief from the rising
complexity and cost of multicenter clinical research studies [1-3]. The past ten years
have witnessed an almost complete U.S. adoption of EHRs [4], interoperability standards
for exchange and reuse of healthcare data [5], mature privacy and confidentiality rules
to protect healthcare data [6, 7], and information technologies with capabilities to
exchange and reuse healthcare data [8]. These advances provide key building blocks
needed to re-engineer data collection and use for clinical trial design, conduct, and
reporting. The now-possible end-to-end electronic data handling offers the potential of
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higher data quality at lower cost and increased rigor from the source (i.e., EHR) to the
regulator (i.e., electronic data capture, or EDC, system).

However, the quality of RWD data sources, including EHRs, and subsequent
abstraction methods (i.e., MRA) has long been questioned [9-12]. eSource platforms
that facilitate automatic extraction of patient data from EHRs-to-EDCs have the potential
to reduce site burden and improve data quality in clinical research, but the scalability and
generalizability of existing solutions is limited, and the impact of such solutions for
multicenter clinical research remains uncertain. Evaluations of EHR data directly
extracted for use in ongoing clinical studies (EHR-to-EDC eSource) have been sporadic;
conducted in limited application contexts such as single studies, single-sites, single-
EHRs, and single therapeutic areas; and evaluated using disparate outcome measures [8,
13]. Few studies simultaneously assessed data quality and data collection cost so that
the burden on clinical sites could be evaluated [13]. Further, few studies applied rigorous
data quality assessment methods, provided a gold standard comparison needed to
quantify accuracy, or reported the detail needed to understand the location, extent and
root cause of data errors [13] — all key factors in determining the suitability of data for
generating evidence for regulatory decision-making and evidence-based practice. The
results presented here attempt to address some of these information gaps by providing
insight into the impact of standards in supporting data collection in clinical research.

Data standardization is necessary for computers to assist or automate the exchange
and reuse of data. Data standards specify data definitions and formats to enable data
exchange between computers and reuse by computers and humans. Standardization
helps assure that data with the same name have the same meaning. The new and widely
adopted Health Level Seven (HL7%) Fast Healthcare Interoperability Resources (FHIR®)
standard goes further than predecessors toward standardizing the meaning and format of
structured data collected in EHRs [5]. Developing standards, however is only the first
step. The standards must facilitate desired workflows and data flows and ultimately be
implemented in software toward improving human performance through mechanisms
such as process automation and decision support. The results reported here brings us one
step closer to understanding the current strengths and limitations of the FHIR® standard
for supporting data collection and exchange in clinical research.

2. Methods

FHIR® mapping was performed to assess the level of HL7® FHIR® standard
completeness (or data element coverage) in supporting data collection for Study A, a
federally sponsored, pragmatic cardiovascular randomized controlled trial (RCT)
targeting adults (NCT03296813). A systematic approach was developed and used to
map study data elements to corresponding HL7® FHIR® standard resources as
implemented across three distinct academic medical centers (Sites A, B, and C); what
we refer to as the site-level mapping. The mapping approach used is a framework for
evaluating HL7® FHIR® standard coverage and can be utilized by others performing
similar work. The development of the framework is described in our earlier work [14]
for which we mapped Study A, as well as two additional studies, directly to Release 4
(R4) of the FHIR® standard (https://hl7.org/thir/R4/index.html); what we refer to as the
standard-centric or R4 mapping. The methods and results of that the R4 mapping have
been published previously [14] and will not be described here.
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The case report form (CRF) and data dictionary for the parent study were utilized
for the site-level FHIR® mapping. Three independent mappers across three sites mapped
study data elements to corresponding data elements within their respective EHRs (CRF-
to-EHR mapping). Data elements available within the EHR were then reviewed to
determine the corresponding FHIR® resource(s) (if applicable) available at the site via
the site-specific FHIR® servers (CRF-to-FHIR Mapping). A data element was
considered “Available in FHIR” if (1) it had a corresponding data element available
within the EHR and (2) the EHR data element was mapped to a FHIR® resource or if the
data could be captured or derived using a combination of data elements across one or
more FHIR® resources at the site.

Upon completion of the mapping at each site, results were reviewed and analyzed
by an independent adjudicator. Discussions were conducted with the full mapping team
to address questions about and/or inconsistencies between site mappings. Once the
mapping was finalized, an analysis was performed to: (1) calculate FHIR® coverage at
each Site, (2) compare the individual site-level mapping to the preliminary standard-
centric or R4 mapping [14], and (3) compare FHIR® coverage across all three sites.
FHIR® coverage was calculated as a percentage of the total data elements “Available in
FHIR” compared to the total data elements. Here, we present our preliminary results.

3. Results

A total of 155 data elements were mapped to the HL7® FHIR® standard resources
available at each Site. At the time of the mapping, Sites A and C were supporting the
November 2019 release of the Epic EHR system, while Site B was on the earlier May
2019 version of the Epic EHR system. Accordingly, Sites A and C had access to
resources from three versions of FHIR® (DSTU2, STU3, and R4); whereas, Site B was
only able to access DSTU2 resources.

Individually, across the three sites, we found that 52-67% of the total study data
elements (N=155) were available via FHIR® (Table 1). After excluding data elements
not typically or consistently documented within EHRs, i.e., questionnaire (QA) and study
administration (Admin) data, we found that close to 69-89% of the study data elements
(n=117) were available via FHIR® (Table 2).

Table 1. Total Study (CRF) Data Elements Available in FHIR® across all Sites (N=155)

Available in EHR (n(%)) Available in FHIR® (n(%))
Site A 98 (63%) 81 (52%)
Site B 104 (67%) 92 (59%)
Site C 108 (70%) 104 (67%)

Table 2. Data Elements Available in FHIR®, excluding QA and Admin Data Elements (n=117)

Available in EHR (n(%)) Available in FHIR® (n(%))
Site A 98 (83%) 81 (69%)
Site B 104 (89%) 92 (79%)
Site C 108 (92%) 104 (89%)

Agreement rates were also calculated to compare the site mappings against one another
and against the original R4 mappings (Table 3).
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Table 3. FHIR® Mapping Agreement Rates, across Sites and in comparison to R4 (n=117)

R4 (n(%)) Site A (0(%)) Site B (n(%))
Site A 84 (72%) - -

Site B 88 (75%) 88 (81%) -

Site C 99 (85%) 90 (84%) 102 (90%)

Note. The denominator for Sites-to-R4 comparisons (n=117). The denominators for Site-to-Site
comparisons were calculated based on the data elements “Available in EHR” for the sites being
compared: A-to-B =109; A-to-C = 107; B-to-C = 113.

4. Discussion

The results presented here quantify data availability and classify data elements to
determine the level of HL7® FHIR® standard completeness (as implemented across
various sites) in supporting the data collection needs across three distinct sites for a
federally sponsored, pragmatic cardiovascular RCT targeting adults. On average,
between 60% (N=155; full CRF) and 79% (n=117; excludes study data elements not
typically collected within an EHR) of the total data elements could be directly extracted
from the EHR to the EDC through the use of a FHIR-based, EHR-to-EDC eSource
application. Moreover, when we looked solely at the total data elements currently
available within each site’s EHR, we found that, on average, 103 of 155 study data
elements were available in the EHR; and, of those available in the EHR, approximately
89% were available via FHIR®. These results are promising in that they indicate the
maximum potential reduction in manual abstraction across sites. Beyond that, the
agreement rate across sites was 85%, on average, which indicated that (for this particular
study) the mapping across sites and the availability of data via FHIR® would be relatively
consistent across other sites using the same EHR vendor. We anticipate that the slight
differences in mapping across these sites were likely due to differences in EHR versions.
For example, Sites A and C were both using the same version of the EHR (same vendor)
and had a much higher agreement rate than when compared to Sites B, which was using
an older version at the time of the mapping. Inconsistencies in data availability and
mapping also could be explained by differences across sites with regards to (1) what data
is documented and (2) how the data is documented within the EHR.

As a whole, these results offer insight into the utility of the FHIR® standard in
supporting the direct extraction of EHR data for clinical research, demonstrating the
maximum potential coverage of the standard (currently) to support eSource data
collection for multicenter clinical research studies. These results are comparable with
the findings in our recently published work [14] in which we evaluated and compared
content coverage across Study A and two additional studies to the base standard (FHIR®
R4 and the US Core Implementation Guide) in an effort to improve the generalizability
of the results beyond a single use case. Additional work is currently underway to
evaluate how various other studies compare across distinct, site-specific implementations
of FHIR®.

5. Conclusion
Although eSource solutions have relied on data exchange standards to improve data

collection, none have evaluated the coverage of those standard for supporting clinical
studies. The work performed here addresses this gap by evaluating the availability of
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HL7® FHIR® resources to support data collection for a multicenter clinical research study.
The results achieved here will help to further advance the development of the FHIR®
standard in order to meet the data collection needs of multicenter clinical research studies.
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