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Administrators play a major role in choosing and managing the use of the electronic health record
(EHR). The documentation policies and EHR changes enacted or approved by administrators
affect the ability to use clinical data for research. This article illustrates the challenges that can be
avoided through awareness of the consequences of customization, variations in documentation
policies and quality, and user interface features. Solutions are posed that assist administrators in
avoiding these challenges and promoting data harmonization for research and quality
improvement.
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Using data elements from the electronic health record (EHR) for purposes beyond clinical
documentation, billing, and administration is a rapidly growing practice (1). The increasing
number of EHR installations and several recent national policy initiatives have supported
this trend. Meaningful use of electronic health information, mandated by the Health
Information Technology for Economic and Clinical Health (HITECH) Act, involves using
EHR and related technology to improve quality, safety and efficiency of patient care; engage
patients and families; improve care coordination; and ensure adequate privacy and security
for personal health information (2). Further, the Institute of Medicine proposed a learning
health system in which we use patient and health care information for research and
continuous improvement in health and healthcare (3).
However, we are in the beginning stages of seeing researchers actually use EHR data for
studies. Secondary use of data meant for clinical documentation, billing, or administrative
purposes presents several challenges including issues around the collection from original
sources, storage, aggregation, linkage and transmission of health data (4). In addition, to
increase the likelihood of generalizable results, researchers often seek samples from a
variety of sites. This requires the merging of data from multiple sources and semantic
harmonization may be an issue. Semantic harmonization is the process of combining data
from heterogeneous sources into a single clinical system (5). It can occur in one health
system or across multiple systems.
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The purpose of this article is to describe the challenges, solutions, and implications related
to semantic harmonization while conducting research using EHR data from 4 hospitals. The
implications and importance of this topic is critical to nurse managers and hospital
administrators because they develop and approve documentation and data-use policies and
provide strategic guidance to the informatics nurse leaders.

Background
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Our research team is developing a clinical decision support (CDS) system for discharge
planning that will assist clinicians to identify patients in need of post-acute referral. Based
on seminal patient characteristics, the system will recommend the most appropriate site of
care (i.e. home care, skilled nursing facility, etc.) (National Institute of Nursing Research
2RO1-007674). A critical role of CDS is to provide healthcare providers, patients, and
caregivers with general and person-specific information, intelligently filtered and organized,
to enhance health and healthcare (6). Examples of CDS interventions might include alerts/
reminders, clinical guidelines, order sets, patient data reports and dashboards,
documentation templates, diagnostic support, and other tools. Most often, these CDS
interventions arise from electronic health record (HER) data that is calculated, synthesized,
or analyzed to provide meaningful information to the user at a critical decision point (6,7).
Our study used de-identified data from variables gathered through approximately 1200
nursing admission assessments and ongoing documentation throughout the hospital stay. We
used the electronic data elements to create case studies of older adults describing their health
status including their socio-demographic, functional, cognitive, physical, mental, emotional,
home environment and social support descriptors. Examples of data elements include
assessments of caregiver characteristics; medications and medication management; medical
conditions, activities of daily living/other functional parameters; and depression, fall, and
pressure ulcer risk scores. Interprofessional teams of doctors, nurses, social workers, and
physical therapists will evaluate the case studies and based on patient characteristics,
determine the need for post-acute referral, and if so, which site is most appropriate to meet
their needs. Four separate hospitals, all using an EHR from the same vendor, provided the
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data elements used in the case studies. The study was approved by the institutional review
board (IRB) of the University of Pennsylvania and the hospital IRB when required.
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Challenges to data harmonization
The realities of doing research across different institutions using the EHR, even when
working with sites that have an EHR from the same vendor, are daunting. Numerous issues
and questions emerged while conducting this type of research. There are differing versions
of the EHR, customizations, variations in documentation policies and quality, and user
interface features to contend with. We will provide descriptions and examples of these
challenges, followed by a discussion of solutions and implications.
Version control
Although the EHR at each hospital was from the same vendor, among the 4 hospitals there
were 3 different versions of the software in use. Unfortunately, when designing the study
there was no discussion of or foresight to ask about various versions because it was assumed
that there were commonalities with the same vendor across sites. Differing versions of the
software presented a challenge because hospitals using earlier versions did not collect the
data elements and related pick list options (the standard list of responses attached/belonging
to a particular question) the same way as is present in more recent versions.
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Customization
Commonly, sites make specific customized changes to the EHR based on practicing
clinicians’ or clinical managers’ requests. These customizations may change the standard
variable names, pick list values or both, and can occur in multiple ways such as:
Adding local detailed information to existing choices—Data on Supplemental
Digital Content 1, http://links.lww.com/JONA/A226, illustrates the addition of information
about local agencies that patients are discharged to. The original data elements listed in the
study ontology column describe generic discharge destinations, such as home with home
health services or inpatient rehabilitation facility. Looking across the columns we see the
pick list choices no longer match the standard EHR choices. While this may or may not be
of value locally, it is not useful information when doing cross-site research and reporting.
Reversing the wording of pick list options—One hospital reversed the terms for
documenting patient orientation. Instead of documenting disoriented to person, place, time,
and situation, they changed the word to oriented to. This minor change created the opposite
meaning of the orientation data element compared to that of the other 3 sites.
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Adding or subtracting standard pick list options—Several sites customized pick list
option responses by adding or deleting the standardized responses that existed in the EHR
product. For example, Table 1 illustrates this problem of adding types of agencies or
additional categories of people. In this example some of the pick list choices no longer
match the question of lives with (a person) but rather is now a place (state veterans home).
Numerous other examples include fields such as differing nutrition risk and diet tolerance.
Changing variable or table names—When working with multiple databases to access
or merge data, it is important that items are a semantic match, meaning the naming
conventions are the same. Changing variable or database table names makes writing a query
to access or merge the data challenging. In the event that variable or database table names
are changed from version to version by the company producing the EHR, this represents
something under vendor control and administrators should ask about backward compatibility
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(See Table, Supplemental Digital Content 2, example of variable or table names, http://
links.lww.com/JONA/A227). These variations in table names affected the ability to use
queries written at 1 site at other sites in an attempt to access the same variables. Queries in
this study had to be re-written.
Substituting different evidence based tools than what the product comes with
—One of the sites inserted a different evidence based tool for assessing fall risk than the
other 3 sites. Although they substituted another credible/evidence-based alternative, doing
this is not recommended because it made the components of fall risk assessment noncomparable between sites. These customized changes jeopardize the opportunity to have
standardized measures useful for research, quality improvement and benchmarking.
Documentation Policies
Variation in unit or hospital documentation policies can affect the quality and content of
clinical EHR data. For example, in our study, 3 hospitals have a policy that fall risk is
assessed on every shift. This policy assures that documentation of fall risk will be present in
the database during a given time period. The remaining site does not mandate
documentation of this data element so its presence is highly variable making it difficult to
find. This issue resulted in missing data for 1 site which could have been used to evaluate
opportunities for improvement of this nurse-sensitive outcome.
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Quality of documentation
We have found several issues affecting the quality of documentation. First, the thoroughness
of individual clinicians’ documentation varies greatly (8-10). Clinicians may not value
documentation or recognize that their data are being used for other purposes. Although most
clinicians are very thorough and document each data element consistently, others are
accepting of missing data or too busy to be consistently thorough. Clinicians often complain
that documentation takes too long and the information is not used to support patient care or
quality improvement (11). The 2nd issue is exacerbated when clinicians take shortcuts and
enter free text rather than use pick list choices. This may result in redundant information,
completely different responses that often don’t relate to the question asked, or variations in
spelling and abbreviation that are cumbersome to condense and code. This practice negates
the value of structured, electronic data. Third, education about how to interpret the meaning/
intention of the EHR content is critical to assure reliable data entry among the various users.
Unclear questions within the EHR will result in varied interpretations and therefore
unreliable data and information.
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User Interface
The design of the EHR user interface may also present a challenge. Depending on how the
EHR presents the data to the user, important data elements could be missed. At one of our
sites, an assessment of activities of daily living was hidden under other information and had
to be brought forward by the clinician to present itself for documentation. If a clinician did
not know this, or did not take the effort to make the item visible, it could be forgotten and
never collected.
Further, although part of the system was designed to notify the clinician that their
documentation was incomplete, we identified that this function was limited. It did not tell
clinicians what was incomplete. Staff had to scroll through screens to find the missing
item(s). Requiring this extra effort in a busy clinical setting is likely to result in noncompliance.
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The challenges to data harmonization noted above required a huge amount of work to
overcome. The 1st step was to work with the multiple hospital staff at each site, including
informatics nurses, database architects, data analysts, and nurse leaders to determine where
data elements were housed, how they were named, and when and how they were measured.
Placing each variable and its pick list choices on a spreadsheet enabled us to see matches
and differences across all sites. Our task was to harmonize and merge the data from all 4
sites into a single large database. To achieve that, table names, variable names, and pick list
choices had to be congruent. Our solution was creation of our own ontology, or framework
of standard terms, to map the disparate terms to (12). Ontology development requires
consensus on the concept definitions and nomenclature standards (13) so the team held
group meetings where word-for-word we reviewed the terms and came to consensus on how
to map each term to the ontology. We called our ontology the gold standard. Next a unique
identifier code was created for every data element in the data set mapping the term to the
gold standard term (See Figure, Supplemental Digital Content 3, http://links.lww.com/
JONA/A228).
Version control
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The ontology and subsequent mapping was our solution to harmonize data differences
resulting from the various versions and customizations that occurred. Little can be done
prospectively about version control, but being aware of it up front may have led us to choose
different partners who were on the same software version. Also, mappings supplied by the
vendors may provide backward compatibility among versions.
Customization
In contrast to version control, customization can be avoided. Users must be aware of the
consequences of making unique changes to an EHR product sold by a leading information
system vendor. These changes complicate or negate the ability to do research or quality
measurement across systems. In fact, some sites also admitted that customization creates
problems internally when they want to upgrade to a new version as all of their changes are
lost and must be rebuilt. EHR customization could prevent users from upgrading and
therefore miss out on potentially improved products. Although customization is always
tempting to increase adoption of the EHR, when data are merged across systems, problems
arise with mismatched terms and redundancy. Users must consider and be educated about
these issues as we validate whether the customization is really necessary and creates added
value worth these risks.
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Documentation policies
The particular EHR vendor used by the 4 sites provides a venue for users to collaborate via a
user’s group. Participation in the user’s group is highly recommended to gain insight into the
care processes and experience of other sites. This communication among system users may
decrease the variation in documentation policies that impact how the information system is
used. Through collaborative problem solving, policies may be drafted that benefit research
and quality improvement efforts that lead to meaningful use. Participation in our study
helped the sites gain valuable insights they could share with others. Further, administrators
and nurse leaders should consider the documentation policies in place and determine the
frequency and requirements for important assessments regarding fall risk, pain, catheter use,
depression, functional status, and pressure ulcer risk.
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Quality of documentation
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The challenges to documentation quality were addressed by education, monitoring, and
positive reinforcement. We held grand round presentations, used voice over PowerPoint and
storyboard presentations to educate the nurses about the study. We provided pens with the
slogan, Nursing Documentation Makes a Difference. We collaborated with unit committee
leaders to serve as champions to monitor and encourage high quality documentation and
recognition that nursing data was being put to use for improved patient care. For every step
along the way we maintained a constant stream of communication via on-site visits, email
communications, telephone and web conferencing. These efforts supported the study
operations but are equally critical in general operations to assure high quality documentation
for quality measurement. Administrators and nurse leaders should assess the evaluation
plans that measure the completeness and accuracy of EHR documentation and determine the
actions taken for improvement or maintenance.
User Interface
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The impact of the user interface design on documentation workflow became evident during
the study. Workflow is always a critical element in health information technology
implementation and research (14,15). The way certain data elements were presented on the
screen or the timing in the workflow of their appearance can affect the quality of the data.
We addressed this issue by altering the screen configuration so that buried items were
brought forward so that the clinician was aware of them. The sites we worked with were
unaware that, because of the EHR design, a patient could be discharged from their care
without having their function for activities of daily living measured. Administrators and
nurse leaders should request a review of the screen placement of critical data elements while
considering how it prompts the user to ask questions and complete the data entry. They
should also request periodic reports on the completeness of documentation. Education was
critical to identify where the data elements were located and how to interpret and answer
them.

Implications
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The lessons learned in this multi-site study are generalizable to clinical information
consumers. Take home messages include; 1) avoid local customization; 2) participate and
set policies within the wider user’s group; 3) educate the nurses to value their contribution to
quality documentation and make them aware their data is being used for larger purposes;
and 4) critically review the design of the system for workflow issues that may impact
quality. Since users of clinical information systems are usually unaware of database
principles regarding the naming, storage, and retrieval of patient information (16), the
experiences described above provide administrators and nurse leaders with several real life
examples of how day-to-day documentation practices can impact research and process
improvement. Due to a lack of standardization between and among clinical information
systems world-wide, many complex processes must be undertaken to resolve discrepancies
(4,13,17). Forethought about these issues is critical to simplify and avoid these costly errors.
In addition, we make 4 more recommendations. One, to meet meaningful use criteria, most
health systems are building data warehouses to facilitate the storage, retrieval, and transfer
of essential clinical data as needed to answer research and quality questions (18). It is
imperative that data collected by nurses are also housed in the warehouses to assure
inclusion with other essential EHR data elements to tell the complete story of a patient’s
health care needs and effectiveness of interventions. Second, administrators must appoint
representatives to health system information technology committees to inform decisions
about which data elements are important for measurement of nursing effectiveness. Critical
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review of the content, and understanding the location and meaning of data elements in the
nursing documentation system provides essential information to inform these decisions.
Next, administrators are highly encouraged to seek the purchase of information systems that
use standardized languages mapped to a reference terminology such as SNOMED CT (19)
or the 3M Healthcare Data Dictionary (20). To date, most vendors have not widely
incorporated the standardized languages for nursing documentation such as the Omaha
System (21), Clinical Care Classification (22) or the North American Nursing Diagnoses
Association (23). Use of a standardized language already mapped to the information system
reference terminology will eliminate the costly and time consuming step of building the
ontology and completing the mapping required for our project. Using standards is a global
recommendation to facilitate data sharing and interoperability (24). Thus we recommend
that EHR developers utilize the recommended standardized languages for nursing
documentation and that locally we adhere to the standards to avoid the challenges
experienced and discussed herein. Finally, we suggest the addition of a guiding principle to
the Guiding Principles for the Nurse Executive to Enhance Clinical Outcomes by
Leveraging Technology (25). Nurse executives clearly recognize that their organizations are
part of a larger community of health systems, and this guiding principal should apply to how
information technology is managed in terms of changes made to the EHR and the
documentation policies created and applied. We want to avoid creating silos of data
customized specifically for local applications. The costs of harmonizing such data after the
fact are high in terms of time and labor and the lengthy process impedes our ability to use
the EHR as a rich data source to do research and quality improvement.
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Lives With

Data Element

Hospital A

-alone
-children
-spouse
-significant other
-parents
-other relative
(specify)
-friend
-grandparent(s)

Study Ontology

-alone
-child(ren)
-domestic partner
-facility resident
-friend(s)
-grandparent(s)
-other relative(s)
-parent(s)
-sibling(s)
-significant other
-spouse
-homeless

Hospital C

-alone
-children
-spouse
-significant other
-parents
-other relative
(specify)
-domestic partner
-friend
-grandparent(s)

Hospital B
-Alone
-Children
-Spouse
-Significant Other
-Parent
-Other Relative
-Domestic Partner
-Nursing Home
-Mental Health
Facility
-State Veterans
Home
-Assisted Living
Facility
-Group/Boarding
Home Facility
-Homeless
-alone
-child(ren)
-dependent
child(ren)
-domestic partner
-facility resident
-friend(s)
-grandparent(s)
-other relative(s)
-parent(s)
-sibling(s)
-significant other
-spouse

Hospital D
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Standard Pick List Options.
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