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INTRODUCTION

The Meaningful Use program and the Health Information
Technology for Economic and Clinical Health (HITECH)
Act generated strong incentives resulting in most US health-
care systems transitioning from paper records to electronic
health record systems (EHR) in the last 15 years.' Data from
the Office of the National Coordinator for Health Informa-
tion Technology (ONC) from 2021 showed that 96% of non-
federal acute care hospitals and 78% of office-based practices
had a certified HER.? In addition, many healthcare systems
have switched vendors or shifted from a homegrown sys-
tem to a vendor EHR, a trend that continues nationally.3 For
example, the Department of Veteran Affairs (VA), a large
integrated healthcare system with 171 medical centers and
1113 outpatient clinics, is currently transitioning from a self-
developed EHR to a commercial ONC-certified vendor EHR
developed by Oracle Cerner.

EHR transitions are extremely costly and challenging, cre-
ating substantial impacts on organizational culture, work-
flow, and processes. Overall, the literature surrounding vari-
ous challenges, needs, and opportunities of EHR transitions
is sparse.* Most of the studies of EHR transitions have been
around data migration or providing the historical data neces-
sary for care continuity following a transition.* In addition
to clinical care concerns, healthcare organizations need to
continue using routinely collected EHR data to conduct qual-
ity improvement, research, and operational analyses, often
leveraging data extracted from the legacy and new EHRs,
separately, and seeking to align these data for reuse.

There is a large literature about the considerations for
the use of routinely collected EHR data for operational and
research purposes, including data inaccuracy, bias in data
collection, information “locked” in clinical text, and multiple
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conflicting source data provenances, among others.’ In addi-
tion, there is a body of work on evaluation criteria for obser-
vational data quality and data assessment best practices.®’
Within this larger domain, we highlight key considerations,
opportunities, and challenges for assessing the utility of rou-
tinely collected data across an EHR transition for analytic
purposes.

ALIGNMENT OF DATA DOMAINS BETWEEN A
LEGACY AND NEW EHR

As summarized in Fig. 1, the data structures, formats, ele-
ments, and terminologies of two EHR systems are generally
different, and there are some data domains that will exist
in one but not both EHRs. In some cases, these differences
mean that analyses and uses of the data can only be executed
in one of the data sources. It is critically important to charac-
terize, assess, and document where data do not align between
the two EHRs. This has implications for reuse (i.e., the sec-
ondary use of the data for research and operational analyses)
that can continue after the new EHR goes live, and provides
opportunities to ask new questions and develop new methods
and designs that capitalize on data domains available only in
the new EHR. Also, request to capitalize EHR all letters for
all use in the document (section headers, etc.).

IMPACT OF EHR CLINICAL WORKFLOW ON
ROUTINELY COLLECTED DATA

As noted in this special issue’s editorials and articles and in
the literature, deployment of a new EHR is a complex socio-
technical process. Within this process, the organizational
culture and business needs drive the customization and con-
figuration of the EHR. At the same time, the core features
and workflows of the new EHR change and reshape clinical
workflow to conform to what is possible. These unfamiliar
processes can result in increased time to complete tasks,
dependence on workarounds, and propensity for error.®
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Fig. 1 Overview of data domain alignment between a legacy and a new EHR

In addition to usability challenges, workflow changes
also result in data interpretation and reuse challenges. In
some cases, the configuration of the system itself could
lead to or contribute to errors in the entry or recording
of data, which would be reflected in the data extracted
from the system and used for analytics, quality improve-
ment, or research. This has been observed in VA’s current
implementation of the Oracle Cerner EHR, where patient
safety issues related to “lost” orders have been linked to
order entry interfaces that made it difficult for providers to
select the appropriate receiving location, resulting in unan-
ticipated (i.e., different from the legacy system’s) system
behavior when a data entry error was made.’

Data entered in error or incorrectly routed through the
system will, of course, also impact data reuse, as analy-
ses of healthcare use patterns may not reflect reality or
provider intentions. In other cases, workflows that differ
between the new and old systems may maintain functional-
ity for clinical users but pose challenges to the interoper-
ability of data generated across the transition. For example,
new workflows may change how providers coordinate care
and may result in changes to when orders or referrals are
placed. Data reuse will need to account for these changes
when examining patterns in healthcare utilization across
the transition.

It is important to evaluate data collection in the context
of the end-user workflow, and to assess the data in both the
legacy and new EHR workflows, to understand some of the
potential limitations and caveats in the use of the data. As
noted in Fig. 1, some of these challenges may be obvious
when data are no longer collected or begin to be collected;
others may be subtle and challenging when the elements
to be collected are the same before and after the transi-
tion, but the workflow creates systematic differences in
the volume and veracity of that data collection.'!” Though
this issue is ubiquitous, a comprehensive mapping between
new and old data elements is rarely available and may be

impractical to create due to time and cost considerations
for reconciling semantic interoperability.*

ALIGNMENT BETWEEN DATA FROM TWO DIFFERENT
EHRS WITHIN A DATA DOMAIN

While any EHR transition will stop collecting some data
domains and begin collecting others, many core data
domains are consistent across implementations. This is
because the basic purpose of an EHR, to conduct documen-
tation of care and support billing, is retained in both cases.

However, there are several challenges and difficulties in
data integration, interpretation, and analysis from using data
from the same domain in two EHRSs together. Semantic rep-
resentational variations (differences in the underlying mean-
ing) among data collected for the same purposes by different
EHR systems are very common. There is a relative lack of
literature regarding the reconciliation of semantic meaning,
but most of it focuses on initial data migration during an
EHR-to-EHR transition, i.e., the direct ingestion of legacy
data into the new EHR to provide access to historical patient
data needed for clinical care delivery.* Automated conver-
sions can migrate structured data relatively reliably, but there
are still notable instances of discrepant data structures, data
inconsistencies, and patient safety events.*

Using VA’s migration to the Oracle Cerner EHR as an
example, encounter location data was lost because the new
EHR primarily uses the encounter to capture location; while
the legacy EHR, while not always connecting clinical obser-
vations to encounters, does reliably assign a clinic location.
Other examples include the decision to migrate data as text
or documents instead of as structured data; in the VA, this
was done for the migration of radiology and microbiology
data. These decisions appropriately focus on supporting ease
of clinical use, severely limiting the secondary use of these
transformed data, and creating the need to use historic source
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data in parallel with data from the new EHR in use cases
(specific analytic task or query) requiring both.

The literature around the parallel use of data from differ-
ent active EHRs is drawn mostly from large observational
consortia, such as OHDSI, 12B2, Sentinel, and PCORNet.
This is because transforming the data into an observational
consortium model forces the determination of aligning data
collected for the same purposes across EHRs together. These
consortia also conduct data quality checks for many differ-
ent processes, some of which are relevant to data alignment
for concurrent use across an EHR transition.’ In particular,
the terminology mapping portion checks for coverage of a
clinical vocabulary across domains.

However, controlled vocabularies used in the historic and
new EHRs may be different. While the National Library of
Medicine maintains an extensive library of vocabularies and
crosswalks between vocabularies that are assembled from
decades of work by clinical societies, library science, and
informatics communities, many gaps and errors remain. For
example, a challenge in evaluating medication use across
the VA EHR transition was that the VA used the National
Drug Code and VA Product vocabularies, and Oracle Cerner
used proprietary Multum and product ID vocabularies. In
the historical VA EHR, there were also mapping challenges
because each facility was responsible for mapping medi-
cations to a national reference, with variable results. This
resulted in a large harmonization effort needed to align data
using these two vocabularies.

When using observational data across an EHR transition,
it is important to leverage both technical EHR expertise and
clinical and healthcare system user expertise to develop con-
ventions in aligning the data for analytic use. Transparency
in design promotes reusability and consistency for analyses
using new and legacy data, but also forces specific conven-
tions on the data. It is also important to understand the key
design decisions in aligning data from two EHRs for a use
case and to determine “fit for use.”

CONCLUSION

In conclusion, there are several challenges and opportuni-
ties inherent in a transition between EHRs. Understanding,
characterizing, and assessing the limitations and capacities
of both data sources following such a transition is important.
In some cases, reuse will no longer be possible because cer-
tain elements are no longer collected in the new EHR. How-
ever, opportunities and utility in data use will be possible for
new data domains collected in the new EHR, although data

volume and longitudinal experience may have to accumulate
to make them fully viable. Perhaps most importantly, careful
assessment of data utility and validation for use in specific
analytical questions is important for those data that are col-
lected both before and after an EHR transition to understand
the feasibility of including both sets of data.
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