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Executive Summary
Introduction

Health information technology (health 1T) applications, which provide computerized clinical
information to health care providers and/or patients, have been viewed as facilitating improved to
health care quality, enhanced patient safety and streamlined administration. The pace of health
IT adoption in U.S. health care organizations will likely increase, owing in part to government
incentive programs and pressures from purchasing groups and consumers.'® Evaluations of the
impact of health IT on quality and safety show mixed results, however. The main reasons seems
to be a lack of integration of health IT into clinical workflow in a way that supports the cognitive
work of the clinician and the workflows among organizations (e.g., between a clinic and
community pharmacy), within a clinic and within a visit. It is clear that if health IT is to provide
optimum performance, it must be designed to fit the specific context in which it will be used,
specifically practice and patient types. The purpose of this project is to develop a toolkit to help
small and medium-sized outpatient practices to assess their workflows and to successfully
implement health IT. Small and medium-sized practices are likely to need the most help in
analyzing their workflows as they typically do not have access to IT support and quality
improvement resources.

In this project, our team of human factors engineers, physicians, and project staff has
examined existing research related to the impacts of health IT on workflow in outpatient settings
and how health IT can be used to assess workflow in these settings. We have also identified
currently available resources for workflow assessment in health care, as well as proven workflow
analysis methods and instruments used in the fields of human factors and ergonomics, and
industrial and systems engineering that could be applied in health care settings. We have
synthesized the information gained into a toolkit that explains the importance of analyzing
workflow when implementing and using health IT applications, summarizes commonly used
methods for workflow assessment, explains the purpose of each method, describes how to
implement the methods, explains the advantages and disadvantages of each approach, cites
available resources for more in-depth information on each tool, and provides stories drawn from
the literature and other sources that describe the experiences of small and medium-sized
practices in implementing health IT.

Literature Review

Introduction

Grounded in the UW-Madison Systems Engineering Initiative for Patient Safety (SEIPS)
Model of work system and patient safety,” our literature review analyzes (1) how health IT for
ambulatory health care delivery systems can impact workflow in small and medium-sized
practices and (2) how health IT can be used to study workflow in these practices. We found that
most research on health IT is not focused directly on workflows within health care organizations,
and studies discussing workflow vary substantially in how much information they provide on
process changes.

In evaluating the literature, we have identified several types of measures and classified these
according to the amount of information each provides on changes in work processes. One such
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type is proximal measures, which describe explicitly how health IT has affected work processes.
An example of this would be the measurement of change in the time to complete patient
documentation. If an article describes how the provider is required to respond to each pop-up
reminder and that the time to finish documentation has increased on average, the article would be
using a proximal measure of change in processing time related to the implementation of the
application. In contrast, distal measures indicate that workflow has changed but do not describe
directly how that change is related to health IT systems’ effects on work processes. An example
of this would be the ordering of tests. A research study may show only that the computerized
decision support (CDS) system recommends ordering a type of test and that the test is ordered
more often when the CDS system is in use. These two facts imply that workflow has changed,
but the measure of test ordering rates does not describe how the work processes have changed.
Outcome measures similarly imply that work processes are likely to have changed, but give no
indication of how. For example, a study describing the implementation of a registry system for
heart disease patients and measuring changes in the percent of those patients with hypertension
would be using an outcome measure. A single study could contain a combination of proximal
and distal process measures, and outcome measures, and many studies do.

In this literature review, we primarily focus on articles that use proximal measures of
workflow. We argue that these proximal indicators show the direct impact of health IT
interventions on workflow, while distal process and outcome measures leave important process
changes unexamined, or “in a black box.” Therefore, causality cannot be determined, the
generalizability of results cannot be assessed and the mechanisms by which health IT makes an
impact cannot be understood. Although we briefly discuss a small number of studies using distal
measures and patient outcomes, we do so only to provide examples of some of the patterns we
noticed in reviewing these types of articles.

Methods

To identify research studies for inclusion in the literature review, we performed a systematic
literature search of 13 databases covering the fields of medicine, public health, health services
research, social science, engineering, business, information services and library science. We
searched abstracts and titles for the conjunction of three sets of search terms, specifically those
related to ambulatory care, health IT and workflow or human factors methods. In all, 3,544
articles were found.

In an effort to include all relevant systematic literature reviews, we also searched PubMed®
for review articles with one of the health IT terms in the title. We classified the articles by type
of health IT and selected 30 for closer review by the entire team and the contract’s AHRQ
project officer. Twelve articles were selected for inclusion. We also included their references and
all publications citing them, adding 1,479 articles in all.

Excluding duplicates, 4,470 articles were reviewed by a member of the research team. The
inclusion criteria were that the article must be published in 1980 or later, written in English,
peer-reviewed, focused on the implementation of health IT in an ambulatory care setting or the
use of health IT to analyze workflow in an ambulatory setting, and describing proximal measures
of work process change. Full-text versions of the selected articles were then reviewed by a
human factors engineer.



Results

In the end, 192 relevant articles were identified in the literature review, 4,068 articles were
deemed not relevant because they did not meet one of the inclusion criteria, and 64 articles using
distal measures of workflow change were found to be useful as examples. The latter group are
not included in the literature review, but are briefly summarized in this report. For the 192
relevant articles, findings on workflow changes related to health IT implementation and the use
of health IT to analyze workflow have been summarized in a Microsoft® Office Access 2000
database. The data were transferred to a searchable Oracle® database that is included in the
“research” section of the toolkit.

The most common study design types were randomized controlled trials (18 percent), pre-
post design without a control group (15 percent), post-implementation analysis without a control
group (35 percent) and systematic literature reviews (16 percent). By far, the most common care
setting described in the articles was primary care (54 percent) or both primary and specialty care
(20 percent). The majority of clinics described in these articles (61 percent) were affiliated with a
medical center, HMO, the Veterans Administration or a national health care system outside of
the United States. Only two of the articles described clinics that could be identified as
independently run, though it is likely that some of the clinics with unknown affiliation status
were also independent. Only 21 percent of the studies focus exclusively on small or medium-
sized clinics. Many of the articles describe large clinics (38 percent) or both small/medium and
large clinics (12 percent). Approximately one-third of the articles described only clinics located
in urban areas (33 percent). An additional 22 percent of the articles described at least some
practices located in rural areas. Clinics in suburban areas were less likely to be studied and are
discussed in 14 percent of articles. The most common type of health IT is decision support
systems, including electronic alerts and reminders (40 percent). To allow more detailed analysis
of this category, it was further divided according to the goal of the system, including chronic
disease management (22 percent), preventive care (14 percent), and medication prescribing (20
percent). Other common types of health IT applications are electronic health records (EHRs) and
electronic medical records (EMRs, 23 percent), electronic prescribing (4 percent), telemedicine
(19 percent), and informational resources for providers and patients (7 percent).

Syntheses

To facilitate a clear discussion of the effects of health IT implementation on workflow, we
have emulated Shekelle et al.™ in focusing on key topics of interest that can be addressed by the
literature. In our case, we have written syntheses describing the workflow changes associated
with specific types of health IT applications. Changes related to EHR/EMR implementation were
found in the areas of interaction and communication between providers and patients, the work
time of physicians and clinic staff, workload, access to information, legibility of records, ease of
data extraction, and documentation. For decision support systems, we found effects on guideline
adherence, length of consultations, communication between the provider and patient, providers’
time, new tasks, team coordination, and access to information. The implementation of electronic
prescribing systems was found to affect the efficiency of processes and processing time.
Telemedicine implementations were described in the literature as having an impact on the time
of providers and patients, collaboration, coordination, communication, role flexibility, and
workload. The implementation of informational resource systems was found to affect the



knowledge of providers and the reference information available to them. For each type of health
IT applications, we also found changes related to acceptance and usability.

In the literature, we found that health IT had been used to analyze workflow in 54 studies.
Most of these were evaluations of health IT usage or functioning, but some examined the time of
clinic staff, physician adherence with decision support recommendations, coding accuracy,
communication through electronic messaging, and the quality of documentation.

Conclusion

We conducted an evaluation of the peer-reviewed literature on workflow changes related to
health IT implementation and the use of health IT as a tool to analyze workflow. Although we
aimed to review as much of this literature on these topics as possible, we may have missed some
articles. To identify a reasonable amount of literature to review, we selected three sets of search
terms—on ambulatory care, health IT and workflow—and searched the conjunction of the three.
As we learned in reading articles identified through a search of systematic literature reviews on
health IT implementation, however, several authors discussed workflow changes without
explicitly using any of our workflow search terms in the abstract or title. Such articles could have
been missed by our search, even though we reviewed almost 4,500 articles.

In doing this review, we also gave careful consideration to what “workflow” is and focused
only on proximal measures of workflow change, those that provide an explicit description of
how the health IT has affected workflow. We compiled the findings into syntheses for each type
of health IT, highlighting patterns of workflow changes that were found. We also briefly describe
a selection of articles using distal and outcome measures of workflow to provide a sense of the
issues that these articles address. Detailed information on each article in the literature review and
its findings are described in the database on “research” in the toolkit. This information was also
used to inform the toolkit’s design and content.

Environmental Scan

Introduction

The purpose of the environmental scan was to learn what others were doing regarding health
IT implementation and workflow in small and medium-sized ambulatory care practices. The
objectives included: (1) identifying user stories and detailed data on workflow issues
encountered in the development, implementation, adoption, and use of health IT; and (2)
compiling a list of publicly available workflow design tools and methods applicable to
ambulatory practice workflow analysis and redesign or related initiatives; including redesign
efforts that use health IT as a tool.

Methods

The project team followed a three-step approach: (1) identification and review of key health
care organizations and associations; (2) a broad, comprehensive Web-based search on small and
medium-sized ambulatory care clinics, workflow, and health IT; and (3) a comprehensive
literature search. More specifically, based on the expertise of project team members, feedback
from AHRQ, and suggestions made by the project consultants, a list of organizations and
associations was compiled. Information regarding the organizations and associations was
gathered from various resources and if more information was necessary, additional follow-up
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was conducted. Secondly, a broad, comprehensive Web-based search on small and medium-sized
ambulatory care clinics, workflow, and health IT was conducted using the literature search terms
to perform focused and nonsystematic Web searches. A snowball technique was used as a Web
site would often refer to relevant resources on another Web site. Resources involving a user story
or tool were recorded in an EndNote® database and key information documented in Microsoft®
Office Access 2000 databases. Thirdly, as part of the literature search a total of 13 academic
research databases were searched. Both peer-reviewed and nonpeer-reviewed references
containing user stories and tools relevant to the objectives of the environmental scan were
recorded in the EndNote® database and key information documented. Relevant tools were also
identified in a search of books in WorldCat using the same terms used in the literature search.
Additional books were recommended by the research team, Technical Expert Panel (TEP), and
consultants. The references were recorded in the EndNote® database and key information
documented.

Results

A total of 87 organizations’ and associations’ publicly available materials were identified
and reviewed. Workflow issues encountered were summarized into the following categories:
tasks, time and cost, and other. For example, several organizations commented on the additional
time required to complete new tasks after health IT implementation. Workflow guidance found
in reviewing these organizations was also summarized. The categories of advice were
infrastructure, stakeholders, vendor advice, training, tools for analysis, types of workflow,
workflow analysis, workflow enhancement, and general. For example, one organization noted
that small or rural practices may encounter challenges with broadband connectivity and the lack
of access to skilled professionals who could assist in hardware selection and maintenance.

A list of useful Web links was compiled that included additional resources related to health IT
implementation. The list includes links provided by associations such as the American
Association of Family Physicians (AAFP), the American College of Physicians (ACP), the
Institute for Healthcare Improvement (IHI) and the Medical Group Management Association
(MGMA). These links are part of the toolkit.

We identified user stories that were included in the toolkit—published stories of workflow
issues encountered before, during or after health IT implementation in small and medium-sized
ambulatory care clinics. Through these user stories, toolkit users should be able to identify
ambulatory clinics similar to themselves with the goal that they be able to anticipate workflow
issues before, during or after health IT implementation. Summaries of these user stories are in
the database that is part of the toolkit. The workflow results found in the user stories are
categorized and summarized in Chapter 3. Tools for workflow analysis were also described in
the user stories, as was the use of health IT as a tool to analyze workflow.

A list of tools was compiled, including instruments, methods, and strategies used to (1) collect
information on, depict, and understand workflow, (2) inform workflow issues being addressed,
and (3) recognize how the impact of implementation and use of health IT affects workflow.
These tools were classified into the following categories: data collection, data display and
organization, idea creation, problem solving, process improvement, process mapping, project
planning and management, risk assessment, statistical tools, task analysis, usability, and health
IT.

From this list, number of basic tools were selected based on their relative ease-of-use, value
for accurately assessing and capturing workflow and the frequency with which they were
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reported in the user stories or literature review papers. Those chosen were check list, flowchart,
interview, observation, risk assessment, usability, benchmarking, and health IT.

Conclusion

The environmental scan produced many user stories and tools relevant to workflow analysis
and redesign for health IT implementation in ambulatory care practices. A unifying theme
amongst all references is that practices must have a comprehensive understanding of how clinical
and administrative work is performed in their environment and how these processes might
change with the introduction of health IT. All relevant information from the environmental scan
and literature review are synthesized and displayed in the toolkit.

Assessment of the State of the Field

Although our literature review unearthed a great deal of information on (1) the effects of
health IT implementation on workflow and (2) the use of health IT to analyze workflow, the
quality of the findings is weak for many reasons. Most of the articles we found were not focused
directly on workflow, so the quality of evidence related to workflow change varied substantially.
Workflow measures also include such a variety of topics that comparisons and generalizations
are difficult to make. Even the definition of a specific type of health IT (such as electronic
prescribing) varied across articles, making comparisons even more challenging.

The majority of studies described research completed in large clinics affiliated with academic
medical centers, health maintenance organizations or national health systems outside the US.
This greatly limits the generalizability of our findings for the small and medium-sized clinics that
are the end users of the toolkit. Also, although a substantial minority of articles were randomized
controlled trials (RCTs), most of the studies did not use a scientifically rigorous design, limiting
inferences of causality. As we discuss in Chapter 4, however, many barriers make it difficult to
conduct a RCT to study health IT. Finally, most of the literature did not include descriptions of
the socio-technical context of health IT implementations and use, making it difficult to
understand the role of potentially conflating or mediating factors such as training, technical
support, and organizational culture. Thus, although our findings on workflow change and
analysis are suggestive, intriguing, and sometimes consistent across many studies, more research
is needed to draw firm conclusions about the relationship between health IT and workflow.

Conclusions

In conducting the literature review and environmental scan, we have gathered a great deal of
information about the effects of health IT implementation on workflow and the use of health IT
to analyze workflow. Awareness is growing of the need to analyze workflow in order to ensure
successful health IT implementation and the potential for health IT be used in process
improvement. Our sources of information included peer-reviewed literature, grey literature,
organizations helping clinics to implement health IT, health IT vendors, and professional
associations. We have discovered that some workflow changes associated with implementation
seem to be nearly universal, such as the increased workload of physicians in clinics that have
implemented an EHR. Others may be unique to the context of a particular clinic, such as a
physician’s lack of acceptance of a new health IT application. Unfortunately, most of the
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evidence that fills this report is anecdotal, insufficiently supported, or otherwise deficient in
terms of scientific rigor.

Nevertheless, the information has been important in shaping the toolkit. We have gleaned
useful facts about the end users for whom we are creating the toolkit, their likely needs and the
best way to provide information so that it will be useful to them. We have also compiled a very
comprehensive list of tools for workflow analysis, their advantages, disadvantages, and how to
use them. From this list we have selected a small group of basic tools that would be most helpful
to the end users; these are highlighted in the toolkit. We have discovered stories of health IT
implementation and use for 37 clinics, stories that may provide other clinics with helpful
foreknowledge about implementing health IT applications. The best of these are also highlighted
in the toolkit.

The toolkit is the culmination of all the processes described in this report. It brings together
information gathered from contacting organizations, reading countless Web sites, speaking with
experts and reviewing thousands of journal articles. We hope it will prove useful to the small and
medium-sized practices that are facing the daunting challenge of large-scale health IT
implementations.






Chapter 1. Introduction

Health information technology (health IT) applications, which provide computerized clinical
information to health care providers and/or patients, have been viewed as facilitating improved
health care quality, enhanced patient safety and streamlined administration. The pace of health
IT adoption in U.S. health care organizations will likely increase, owing in part to government
incentive programs and pressures from purchasing groups and consumers.™® Evaluations of the
impact of health IT on quality and safety show mixed results, however. The main reasons seems
to be a lack of integration of health IT into clinical workflow in a way that supports the cognitive
work of the clinician and the workflows among organizations (e.g., between a clinic and
community pharmacy), within a clinic and within a visit. It is clear that if health IT is to provide
optimum performance, it must be designed to fit the specific context in which it will be used,
specifically the type of practice and patients served. The purpose of this project is to develop a
toolkit to help small and medium-sized ambulatory practices to assess their workflows and to
successfully implement health IT. Small and medium-sized practices are likely to need the most
help in analyzing their workflows as they typically do not have access to IT support and quality
improvement resources.

In this project, our team of human factors engineers, physicians, and project staff has
examined existing research related to the impacts of health IT on workflow in ambulatory
settings and how health IT can be used to assess workflow in these settings. We have also
identified currently available resources for workflow assessment in health care, as well as proven
workflow analysis methods and instruments used in the fields of human factors and ergonomics,
and industrial and systems engineering that could be applied in health care settings. We have
synthesized the information gained into a toolkit that explains the importance of analyzing
workflow when implementing and using health IT applications, summarizes commonly used
methods for workflow assessment, explains the purpose of each method, describes how to
implement the methods, explains the advantages and disadvantages of each approach, cites
available resources for more in-depth information on each tool, and provides stories drawn from
the literature and other sources that describe the experiences of small and medium-sized
practices in implementing health IT.

One important issue for practices implementing electronic health records (EHRS) is the
requirements for “meaningful use” that must be met to qualify for Medicare and Medicaid
incentive payments. On July 13, 2010, the Secretary of the U.S. Department of Health and
Human Services, Ms. Kathleen Sebelius, announced the final rule on meaningful use that will
begin to apply in 2011. The final rule lists a total of 25 objectives, 20 of which must be met to
qualify.'* Fifteen of the objectives are required and the eligible EHR user must choose 5 of the
remaining 10 objectives. The core elements and optional elements of meaningful use affect many
aspects and types of workflow.

In the final rule published in the Federal Register, the Centers for Medicare & Medicaid
Services (CMS) makes it clear that workflow redesign is critical for successful implementation
and use of EHR: “... there is an expectation that the clinical workflow necessary to support the
Stage 1 priority of data capture and sharing will be in place in order to effectively advance
meaningful use of EHRs” (p. 44,337). Some of the required objectives include a minimum usage
of the health IT application such as utilizing computerized provider order entry (CPOE) for
“more than 30 percent of all unique patients with at least one medication in their medication list”
(p. 44,567). Another necessitates that providers regularly “maintain an up-to-date problem list of
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current and active diagnosis” (p. 44,569), clearly affecting ways providers practice. Many affect
communication between the provider, patient, and others including “clinical summaries provided
to patients for more than 50 percent of all office visits within 3 business days” (p. 44,359)."
Achieving these objectives will require workflow redesign for many clinics.

Workflow analysis is also essential for ensuring optimal use of other health IT applications,
as well. Therefore, this toolkit will provide needed methods for analyzing and redesigning
workflow that will be used by small and medium-sized practices before and during
implementation of EHRSs and other health IT systems, as well as after the implementation when
they are aiming to achieve meaningful use of EHRs and optimal use of other health IT
applications.

Project Background

This project aims to develop a practical and easy-to-use toolkit on workflow analysis and
redesign that can be used by both small and large ambulatory care settings in the selection and
implementation of health IT to support practice redesign.

AHRQ contracted with the University of Wisconsin-Madison to conduct the following
activities related to health IT and workflow in ambulatory care settings:

e Assess existing research and evidence in the area of the impacts of health IT on
workflow in ambulatory settings and how health IT can be used to analyze workflow
in these settings,

e |dentify currently available resources for workflow assessment in health care as well
as proven workflow analysis methods and instruments used in the field of human
factors and ergonomics that could be applied in health care settings, and

e Synthesize the information gained into a toolkit that explains the importance of
analyzing workflow when implementing and using health IT applications,
summarizes commonly used methods for workflow assessment, explains the purpose
of each method, describes how to implement them, explains the advantages and
disadvantages of each approach, cites available resources for more in-depth
information on each tool, and provides “stories” drawn from the literature and other
sources that describe the experiences of small and medium-sized practices in
implementing health IT.

As part of the contract, a panel of experts in the field of health IT and workflow was created
to provide feedback on the development of the toolkit. A list of the six experts who agreed to
serve on the Technical Expert Panel (TEP) can be found in Appendix A.

Structure of this Report

Chapter 2 describes the methods and findings of a review of the published academic
literature. Chapter 3 contains the process and results of the environmental scan, including
analysis of the grey literature and development of a list of tools for workflow analysis. Chapter 4
is an assessment of the state of the field using data from the literature review and environmental

10



scan. It also describes gaps in knowledge that have been identified. Chapter 5 contains the
conclusions of this report.
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Chapter 2. Literature Review
Introduction

The literature review for this contract examines (1) how health IT for ambulatory health care
delivery systems can impact workflow in small and medium-sized practices and (2) how health
IT can be used to study workflow in these practices. Our discussion of these topics is grounded
in the UW Systems Engineering Initiative for Patient Safety (SEIPS) Model of Work System and
Patient Safety,” which has three main parts. The work system describes how a person at work
performs a range of tasks using specific technology and tools, within a physical environment and
within certain organizational conditions. The work system influences processes, or workflows,
that often involve several workers and patients. These care processes create outcomes for the
patient and the organization.’

Figure 1: The SEIPS Model of Work System and Patient Safety
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Source: Carayon P, Hundt AS, Karsh B, et al. Work system design for patient safety: the SEIPS model. Qual Saf Health Care
2006;15(Suppl 1): i50-i8.

In terms of the SEIPS model, our literature review can therefore be understood as examining
how particular types of technology, specifically health IT applications, affect and can be used to
analyze work processes that are products of the work system in small and medium-sized
ambulatory health care organizations. In this context, workflow can include (1) patient workflow,
(2) clinic provider or clinic staff workflow, (3) workflow between organizations, or (4) workflow
taking place during or in-between clinic encounters.

13



Most research on health IT, however, is not focused directly on workflows within health care
organizations. Typically, a study will aim to discover the effect of an application on adherence to
care guidelines or on patient or organizational outcomes. For example, a researcher may examine
whether the introduction of clinical decision support (CDS) affects the rate of screening for
cancer in a specific type of patient. Such research clearly implies that process changes have
occurred. If a reminder message “pops up” on the screen during a patient visit, the workflow of
the provider is changed regardless of whether the provider responds to the reminder by
counseling the patient about the need for cancer screening, whether the patient is screened or
whether he has cancer. Studies vary substantially in how much information they provide on
process changes, however.

In evaluating the literature, we have identified several types of measures that are used to
assess the effects of health IT implementation on workflow, classified according to the amount
of information each provides on changes in work processes. One such type is proximal measures,
which describe how health IT has affected work processes. An example of this would be
measurement of changes in the time to complete patient documentation. If an article describes
how the provider is required to respond to each reminder and that the time to finish
documentation has increased on average, the article would be using a proximal measure of
change in processing time related to the implementation of the health IT. In contrast, distal
measures indicate that workflow has changed but do not describe directly how that change is
related to health IT systems’ effects on work processes. An example of this would be the
ordering of tests. A research study may show only that the CDS recommends ordering a type of
test and that the test is ordered more often. These two facts imply that workflow has changed, but
the measure of test ordering rates does not describe how the work processes have changed.
Outcome measures similarly imply that work processes are likely to have changed, but give no
indication of how. For example, a study describing the implementation of a registry system for
heart disease patients and measuring changes in the percent of those patients with hypertension
would be using an outcome measure. A single study could contain a combination of proximal
and distal process measures and outcome measures, and many studies do.

In Table 1 below, we describe the three types of measures related to workflow that were
found in the literature and provide examples of each.
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Table 1: Typology of workflow measures with examples

PROCESS OUTCOME
Proximal measures Outcome measures
Type of measure Examples Type of measure Examples
Efficiency Duplication of work Patient health outcomes Disease control
Clinical test results
Cost of care
Rate of medication errors
Processing time Patient waiting time Organizational outcomes Profitability
Duration of consultation Quality measures
Communication Number of questions

asked by a patient
Form of communication
used between a nurse and

provider

Added tasks/ modified Increased data entry

tasks Coding of services by
physicians

Coordination Change in triage
procedures

Information flow Information provided to
specialist

Usability of health IT Perceived ease of health
IT use

Acceptance of health IT | Willingness and
eagerness of providers to
use the health IT
application

Distal measures

Patient health process Ordering of tests
rates Screening for disease
Prescription of
medications
Performance of tests

In this literature review, we primarily focus on articles that use proximal measures of
workflow. We believe that these proximal indicators show the direct outcomes of health IT
interventions, while distal process and outcome measures leave important process changes
unexamined, or “in a black box.” Therefore, causality cannot be determined, the generalizability
of results cannot be assessed and the mechanisms by which health IT makes an impact cannot be
understood. For example, a recent study showed that implementation of an electronic disease
management system and provision of performance feedback to providers was associated with an
improvement in control of diabetes symptoms for patients.'? The control of diabetes symptoms is
an outcome measure. Positive findings do not definitively support the hypothesis that electronic
disease management systems improve diabetes control because process changes must have
occurred that explain how the health IT use had this effect. In such a study, we do not know if
the electronic system: (a) provided more clear indications to the clinicians of which patients were
diabetics, (b) automatically sent education letters to all diabetics, (c) was used to provide data to
a case manager who called all diabetic patients to talk about control, or (d) caused any other
process changes to be made. Positive outcome results would be suggestive, but proximal
measures of change are needed to understand workflow change. Similarly, a study of patient
outcomes may describe the implementation of specific types of health IT functions that have the
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potential to change patient outcomes, but frequently do not measure if the functions were used.
For example, Weber®® describes the functions of a registry for diabetes patients that is integrated
into an EHR and how the new system allows providers to more easily access diabetes data and
trends. This study was not included in the literature review for this contract because it did not
measure how workflow changed after new data on diabetes patients became available.

Thus, in this review of the literature we have focused our efforts on studies using proximal
measures of workflow change related to health IT implementation in small and medium-sized
practices and studies of the use of health IT to analyze workflow in these practices. Later in this
chapter, we briefly discuss a small number of studies using distal process measures and patient
outcomes but only to provide examples of some of the patterns we noticed in reviewing these
types of articles. Another justification for focusing on proximal measures comes from our
conversations with providers who are likely to be end users of the toolkit. In following up on
request for information responses or environmental scan findings, some providers expressed
concern about how workflow would change with health IT implementation. Specifically, they
described worries about being required to change the way they practiced medicine, their
interactions with patients, the time they had to spend in front of a computer and the flow of their
work. All of these issues of concern are related to changes in proximal measures. As such, there
appears to be strong face validity in focusing on studies of proximal changes.

One implication of our argument is an expansion of the SEIPS Model of Work System and
Patient Safety. In the case of health IT implementation, such a model might look like this.

Figure 2: Expansion of the SEIPS Model for health IT implementation

WORK SYSTEM PROCESS OUTCOME

Changes in workflow such as

(a) more information being given to
providers,

(b) longer consultations,

(c) less communication,

(d) additional tasks,

Health (e) increased efficiency.

information {} Chan_ges in
technology [
implementation Changes in utilization of care such as outcomes
(a) increased physician compliance
with protocols,
(b) increased ordering of HIV tests,
(c) fewer prescriptions for
contraindicated medications,
(d) more completed colorectal cancer
screenings.

Literature Search Process

Methods

To identify research studies for inclusion in the literature review, we performed a systematic
literature search of 13 databases covering the fields of medicine, public health, health services
research, social science, engineering, business, information services, and library science (see
Table 2).
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Table 2: List of databases searched in systematic literature review

Name of Database

PubMed

Web of Knowledge

Cumulative Index to Nursing and Allied Health Literature (CINAHL)
Cochrane Central Library

Cochrane Healthcare Technology Assessment Library

Psyclnfo

Engineering Village, including both Compendex and Inspec

Health and Safety Science Abstracts

ABl/Inform

10 Business Source Elite

11 Dissertations and Theses at CIC

12 Library, Information Science and Technology Abstracts (LISTA)

13 Human Factors and Ergonomics Society (HFES) journals in Ingenta

OO |IN[O|O[A|WIN|—

We searched abstracts and titles for the conjunction of three sets of search terms, specifically
those related to ambulatory care, health IT and workflow or human factors methods. In order to
focus on articles relevant for the toolkit’s target audience, we defined ambulatory care as
excluding hospital emergency departments, ambulatory surgery centers, nursing homes, dialysis
centers, school health facilities, dentist offices, optometrists, chiropractors, alternative medicine
providers, and care provided solely in the patient’s home. We defined health IT as excluding
medication bar-coding and the electronic medication administration record (eMAR). See Table 3
for the specific terms searched. For databases with a thesaurus of indexed keywords,
synonymous terms from the thesaurus were added to the set of search terms.

Table 3: Search terms used in the literature review

Topic Search terms

Ambulatory care “ambulatory care” OR “clinic” OR “physician practice” OR “outpatient” OR
“primary care” OR “family medicine” OR “general practice” OR “pediatric*” OR
“women’s health”
Health IT “information technology” OR “CPOE” OR “Order entry” OR “decision support”
OR “CDS” OR “CDS” OR “electronic health record” OR “EHR” OR “electronic
medical record” OR “EMR” OR “e-prescribing” OR “eRx” OR (“computer” AND
“reminder”) OR (“electronic” AND “reminder”’) OR (“computer” AND “alert”) OR
(“electronic” AND “alert”) OR “CPRS” OR “Computerized Patient Record
System” OR “PACS” OR “Picture Archiving and Communication System” OR
“computerized radiology” OR “digital imaging” OR “telemedicine” OR “disease

registries”
Workflow or human “workflow” OR “work flow” OR “process flow” OR “usability” OR “process
factors methods mapping” OR “six sigma” OR “flow charting” OR “task analysis” OR “process

analysis” OR “time study” OR “industrial engineering methods” OR “human
factors methods” OR “role network analysis” OR “lean management” OR “job
analysis” OR “work analysis” or “work measurement”

Inclusion criteria at this stage of the search were that articles must be published in 1980 or
later and written in English. In all, 3,544 articles were found.

In an effort to include all relevant systematic literature reviews, we searched PubMed for
review articles with one of the health IT terms in the title. Of the 803 articles found, we excluded
272 that were not published recently (in 2000 or later) or were not in English. We classified the
remaining 531 review articles by type of health IT and selected 30 for closer review by the entire
team and the AHRQ project officer. Twelve articles were selected and are listed in Appendix B.
These articles, their references and all publications citing them were added to the list of
potentially relevant articles, 1,479 in all.
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Excluding duplicates, 4,470 articles were found in the literature search. The abstracts and, as
needed, full text, of these articles were reviewed by a member of the research team. The
inclusion criteria at this stage were the same as described above, as well as that the articles must
be peer-reviewed, focus on the implementation of health IT in an ambulatory care setting or the
use of health IT to analyze workflow in an ambulatory setting, and describe proximal measures
of work process change. Full-text versions of the selected articles were then reviewed by a
human factors engineer. Grey literature articles (not peer-reviewed) were excluded from the
literature review but assessed for inclusion in the environmental scan. A total of 146 grey
literature articles were added to the environmental scan database.

In the end, 192 relevant articles were identified in the literature review, 4,068 articles were
deemed not relevant because they did not meet one of the inclusion criteria, and 64 articles using
distal measures of workflow change were found to be useful as examples. The latter group are
not included in the literature review, but are briefly summarized in this report. For the 192
relevant articles, findings on workflow changes related to health IT implementation and the use
of health IT to analyze workflow have been summarized in a Microsoft® Office Access 2000
database. A searchable version of the database is included in the “research” section of the toolkit.
The fields in this database are described in Table 4. Thirty of the relevant articles are systematic
literature reviews. Their conclusions are summarized in the database, but the findings of the
individual articles described within the systematic reviews are not summarized.

Table 4: Fields in the searchable database of literature review articles

Field Description

Full Reference

Abstract

Objective of the study

Type of study design Randomized controlled trial (RCT)

Pre-post design with intervention and control groups
Pre-post design without a control group

Post only design with intervention and control groups
Post only design without a control group

Systematic literature review

Narrative
Other design (such as a nationally representative survey)

Care setting Primary care, specialty care, both types, unknown

Type of care setting E.g., family practice, orthopedics, or dermatology

System affiliation Affiliated with a larger health care organization (e.g., a medical center or an
HMO), not affiliated, unknown

Size of clinic Number of providers, number of staff and/or number of patient visits, as well

as other text from the article describing practice size. These data were used
to categorize the practice(s) described in the article as “small or medium-
sized practices” with fewer than 25 providers; “large practices” with 25 or
more providers; small/medium and large practices; unknown size; or not
applicable (because no individual clinics are described)

Geography Rural; suburban; urban; rural and urban; suburban and urban; rural, suburban
and urban; or unknown
Study participants Description of the participants whose workflow is being analyzed

Context: Other IT in place | Description of other health IT existing in the clinic, e.g., a practice
management system or HER

Type of health IT Type of health IT whose effects on workflow are being analyzed, e.g., a CDS
system

Application name and Name of the health IT system whose effects are being analyzed and the

vendor application vendor

Functions Description of the functions of the health IT being analyzed

Type of workflow being Categories describing the workflow, e.g., communication, processing time,

analyzed efficiency, or information flow
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Field Description

Data collection method Method by which the workflow finding was assessed, e.g., a questionnaire,
observation, interviews, or data extracted from the health IT system

Results of workflow Description of the change in workflow related to the implementation of health

assessment IT or found by using health IT to analyze workflow

Tools Tools used to analyze workflow, e.g., flowcharts or usability testing

Health IT used as a tool? Yes or no

Web site or link Permanent Web address for a free full-text version of the article, if one is
available

Description of Findings

Table 5 describes the characteristics of the 192 articles included in the literature review. The
most common study design types were randomized controlled trials (18 percent), pre-post design
without a control group (15 percent), post-implementation analysis without a control group (35
percent) and systematic literature reviews (16 percent). By far, the most common care setting
described in the articles was primary care (54 percent) or both primary and specialty care (20
percent). The care setting could not be identified in 19 percent of the articles. The majority of
clinics described in these articles (61 percent) were affiliated with a medical center, health
maintenance organization (HMO), the Veterans Administration, or a national health care system
outside of the United States. Only two of the articles described clinics that could be identified as
independently run, though it is likely that some of the clinics with unknown affiliation status
were also independent. Only 21 percent of the studies focus exclusively on small or medium-
sized clinics. Many of the articles describe large clinics (38 percent) or both small/medium and
large clinics (12 percent). In an additional 29 percent of the studies, individual clinics were not
described (19 percent) or the size of the clinic is unknown (9 percent). Approximately one-third
of the articles described only clinics located in urban areas (33 percent). An additional 22 percent
of the articles described at least some practices located in rural areas. Clinics in suburban areas
were less likely to be studied and are discussed in 14 percent of articles. Over one third of the
articles (39 percent) do not provide information about the location of the clinics analyzed.

Table 5: Types of articles found in the literature review

Number of articles | Percentages

Study Design

Randomized Controlled Trial (RCT) 34 17.7%
Pre-Post with Control Group 8 4.2%
Pre-Post without Control Group 28 14.6%
Only Post with Control Group 15 7.8%
Only Post without Control Group 68 35.4%
Systematic Literature Review 30 15.6%
Narrative 5 2.6%
Other 4 2.1%
TOTAL 192 100.0%
Type of Care Setting

Primary Care 104 54.2%
Specialty Care 14 7.3%
Both Primary and Specialty Care 38 19.8%
Unknown 36 18.7%
TOTAL 192 100.0%
System Affiliation of Clinic(s)

Affiliated with Larger Health Care Organization 118 61.4%
Unaffiliated 2 1.0%
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Number of articles | Percentages
Unknown 72 37.5%
TOTAL 192 100.0%
Size of Clinic(s)
Small or Medium (25 or fewer providers) 41 21.4%
Large (26 or more care providers) 73 38.0%
Both Small/Medium and Large 23 12.0%
Unknown 18 9.4%
Not Applicable 37 19.3%
TOTAL 192 100.00%
Number of articles | Percentages
Location of Clinic(s)
Rural Area 15 7.8%
Suburban Area 4 21%
Urban Area 64 33.3%
Rural and Urban Areas 13 6.8%
Suburban and Urban Areas 7 3.6%
Rural, Urban and Suburban Areas 15 7.8%
Unknown 74 38.5%
TOTAL 192 100.0%

Note: The definitions of some types of health IT have changed over time.

When possible we used the type indicated by the study

authors; otherwise, we classified the article using the definitions commonly accepted now.

Table 6 shows the types of health IT whose effect on workflow is analyzed in the literature
review. The most common type is decision support systems, including electronic alerts and
reminders (40 percent). To allow more detailed analysis of this category, it was further divided
according to the goal of the system, including chronic disease management (22 percent),
preventive care (14 percent), and medication prescribing (20 percent). Other common types of
health IT are EHR and EMR (23 percent), electronic prescribing (4 percent), telemedicine (19
percent), and informational resources for providers and patients (7 percent).

Table 6: Types of health IT analyzed in the literature review

Type of Health Information Technology Number of Percentage of all
articles articles

Electronic Health/Medical Records (EHR/EMR) 44 22.8%
Computerized Provider Order Entry (CPOE) 6 3.1%
Decision Support, including alerts and reminders 77 39.9%
Chronic Disease Management 17 22.1%
Preventive Care 11 14.3%
Prescribing 15 19.5%
All types 14 18.2%
Other 20 26.0%
Electronic Prescribing (e-Rx) 7 4.1%
Telemedicine 36 18.8%
Informational Resources 13 6.7%
Messaging and Data Sharing 8 4.1%
Digital Imaging 7 3.6%
Registries 3 1.6%
All Types 2 1.0%
Other 5 2.6%

Note: The percentages in this table do not add to 100 percent because several articles discuss more than one type of health IT.
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Effects of Health IT Implementation on Workflow

To facilitate a clear discussion of the effects of health IT implementation on workflow, we have
emulated Shekelle et al.'? in focusing on key topics of interest that can be addressed by the
literature found. In our case, we have written syntheses describing the workflow changes for
specific types of health IT applications.

Electronic Records (EHR/EMR) and CPOE

This section summarizes the effects of implementing electronic records on practice workflow.
Two main types of electronic records have been described in the literature, electronic health
records (EHR) and electronic medical records (EMR). However, several other terms have also
been used for electronic patient records (e.g., computerized patient records), and the terms EHR
and EMR have not been used consistently. According to the current definition proposed by the
Healthcare Information Management Systems Society (HIMSS)' and the National Alliance on
Health Information Technology,*® an EMR is used within a single care delivery organization. In
contrast, an EHR “conforms to nationally recognized interoperability standards and that can be
created, managed, and consulted by authorized clinicians and staff across more than one health
care organization” (p.15)." Although we would prefer to correctly categorize the systems
described in these studies as EHRs and EMRs so that we can explore the effects of each type of
health IT application on workflow, the articles do not usually provide enough information to
permit this. We will therefore use the term EHR/EMR in this synthesis to describe all types of
electronic records.

One key component of most electronic record systems is computerized provider order entry
(CPOE). In the literature, the effects of implementing this health IT are frequently difficult to
separate from the effects of EHR/EMR, as often the two are implemented at the same time and
the applications are integrated. We will therefore discuss the effects of CPOE on workflow in
this synthesis as well.

Some of the articles on EHR/EMR focused on a specific aspect of the application, such as
documentation templates,*® the use of computers in the exam room,**° the electronic receipt and
display of test results,? detection of adverse drug events,? or the availability of prescription
information.?? Other studies described comprehensive EHR/EMR systems that included
electronic patient records, CPOE, and physician documentation.?**° Some of these
comprehensive systems had additional features, such as decision support with reminders or
alerts,?® 24262831 glactronic review of laboratory and radiology reports,”>%* * electronic
prescribing,” 2* documentation templates,* secure messaging,*® 2* %" 32 33 registries,*’ personal
health records accessible to patients,? integration with a practice management system,* and
scheduling, billing, or financial data.?® > 3% 3* Several studies examined the effect of
implementing electronic records but did not describe the application well.***? Other articles
lacked details about the EHR/EMR because they were systematic literature reviews,**°
described a variety of systems,***° or studied EHR/EMR applications in general instead of a
particular system.*" ! Two articles described EHR/EMRs with limited functionalities, such as
access to basic patient records.®* >* Of the few articles that were focused on CPOE, one stated
that providers could use free text, or fill-in-the-blank templates in creating an order.® The others
did not describe the CPOE system in detail.>*>’
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Commonly, workflow changes related to EHR/EMR implementation affected interaction,
communication or the relationship between providers and patients. One study'® described several
patterns of provider interaction with the computer system in the examination room: (1) the
provider mostly looked at the screen and used computer-guided questioning while entering
information, (2) the provider alternated attention between the patient and the screen, and (3) the
provider gave the majority of attention to the patient during the visit, rarely entered data in front
of the patient and frequently turned the screen so patients could see the records being reviewed.
Another study found that use of an EHR/EMR was associated with less conversation, particularly
on psychosocial issues, but more data gathering, patient education and counseling.'® Although
some research found results to the contrary,? > most studies indicated that the presence of the
computer terminal in the examination room was distracting for the provider and took attention
away from the patient** %> %8 or that providers were concerned about the quality of
communication®? or preserving their relationship with patients while using the system.
Some providers attempted to compensate for the distraction by reviewing patient records before
the appointment,®® *® sharing information with patients during the appointment by turning the
screen,?® maintaining eye contact by turning away from the computer,** using a printout instead
of the EHR/EMR during the appointment,”® doing documentation after the patient had left,*® or
“using body language to show attention and empathy, [and] using humor to reduce tension” (p.
345).% One study found that physicians who were more proficient with computers were better
able to communicate with patients while using a computer system.*? Others reported that
physicians sometimes preferred documenting while the patient was present because it improved
the quality of patient records.®* >* In related research, providers using electronic records were
found to be sensitive to subtle psychological cues, but in consultations about psychological
issues, providers used the computer system less of the time relative to visits in which no
psychological issues were discussed.*® Patients were also concerned about the effects of
computer use on their interactions with providers,* although one study found that
implementation of the system did not affect patient satisfaction with patient-provider
communication, even about their emotional concerns.!’

Another common issue discussed in the literature is the effect of the health IT on the time of
physicians and support staff. Several studies found time savings using features such as text
templates,® the automatic transfer of billing data,®* computer-printed prescriptions,*® #° 8
electronic prescription reordering,®* *® and the automatic transferring of information into referral
letters, requisitions and forms.*® One study noted that patients were satisfied with the heath IT
system’s effect on the overall timeliness of activities.'” Other research described tasks requiring
more time when electronic records were used, such as data entry*’ (especially for providers who
were not computer literate®®), and working with patient data that was divided between paper
charts and electronic records.*® Several studies noted that the patient spent more time in the
examination room with the provider®® *>°2 or in the waiting room** after implementation of the
electronic system, though two studies found the opposite effect, at least for some practices,** >
and one found no significant change.?® In several studies, the use of CPOE was found to involve
duplication of efforts, as information was transferred from paper to electronic records and later
printed,>* or orders needed to be re-entered into a pharmacy system that was not integrated into
the EHR/EMR.>® A systematic review®’ found mixed results for the effect of CPOE on the time
for physicians to complete orders, with some studies confirming physicians’ belief that CPOE
requires more time than paper ordering, but one study showing that CPOE was time-neutral. The
same systematic review noted that certain CPOE features can reduce physicians’ time burden,

33,37, 45,51
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including order sets, remote access to the CPOE system, and easy access to reference materials
and patient data.”” One study found that physicians using the CPOE system “continued to
perform certain tasks using paper-based methods even though the computer was automatically
performing those tasks for them” (p. 367)* and that time costs declined as physicians grew more
familiar with the system.*

A related issue is the effect of the EHR/EMR and CPOE implementation on workload,
defined as the hours of work and amount of work performed in a day. Several studies reported
that physicians® 33 37:44.47.54.55 or 4| clinic staff*® experienced a higher workload after the
implementation of an EHR/EMR system. Another study stated that physicians spent more time
than expected in using the EHR/EMR.*® One article described the perception by physicians that
they spent more time on documentation, scheduling, billing and other tasks after implementation,
in part because documentation on a large number of screens was required for each patient visit.’
Two studies referred to the shifting of administrative tasks from support staff to physicians® +°
as one reason why physicians spent more time using electronic records.

Changes in the access to information, legibility of records, and ease of data extraction are
also key issues related to the implementation of EHR/EMR systems. Physicians appreciated
greater access to information both on terminals in the clinic,* **** °8 and at locations outside of
the clinic,?” 313 %8 sych as the provider’s home or office. In one study, physicians mentioned the
ease of finding a particular piece of information in the EHR/EMR,** although another article
described how redundant information in electronic records made searches time consuming and
ineffective.** Some features that providers found useful were the ability to prepare for
appointments by examining the patient’s medical records, rapid updating of problem and
medication lists,® and access to features such as educational tools,”® prescription information,
%8 and medication formularies.®® Several studies mentioned that physicians were pleased by the
legibility of electronic records.®® *" %47 %% Findings on data extraction were mixed. Three studies
found data extraction from an EHR/EMR to be much easier than using paper records,** *¢>® put
one of these mentioned that extracting performance data from the EHR/EMR was resource-
intensive and required the programming of queries.*®

The implementation of EHR/EMR also had effects on documentation by physicians and other
providers, particularly when templates were used to guide the provider through a consultation or
to ensure complete documentation. One study of several practices described a variety of methods
for documentation in the EMR, ranging from dictated notes that were transcribed and imported
into the system to the use of diagnosis-specific templates with prompts.*” Another described
physicians who created their own templates for physical examinations or common problems and
used them either for ease of documentation or as a checklist during the consultation.** One study
found that physicians had slightly positive opinions on templates'® and another showed that
templates were more favored by pediatrics residents than internal medicine residents. Several
studies found that templates improved the ease® or the quality™ *"*° of documentation, and
improved indicators of the quality of care.*® One study found that using templates, nurses were
better able to handle tasks such as reviewing the need for preventive care activities, reconciling
medications and documenting health services performed outside of the practice.*® In another
project, clinicians avoided structured data entry using templates and the quality of documentation
consequently suffered.?® One concern about the use of templates is unnecessary duplication of
information that is stored elsewhere in the medical record.*®

The implementation of EHR/EMR was also found to affect communication among the care
team. One study found that communication using the EHR/EMR messaging system was
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“egalitarian” (p.143-4) and “center[ed] on the goal of the interaction, with the content and
direction being determined by the nature of the expertise required and the caregiver who
possesses it” (p. 142).%® Another article stated that electronic messaging improved the
“availability, timeliness and accuracy” (p. 119) of information, as well as increasing the quality
of documentation and reducing the likelihood of errors.*” However, a study on CPOE reported
that communication between physicians and staff was disrupted by implementation, so that staff
only became aware of new orders when they heard the hum of the printer.>

A great deal of research addressed the acceptance of EHR/EMRs and CPOE by providers,
clinic staff and patients. Most providers agreed that EHR/EMR systems were useful 2% 2% 29 36,42
%298 that benefits outweighed disadvantages® and that using the system did not disrupt
practice.” *? Nurses and clerical workers also were found to prefer electronic records over
paper. However, one study described how physicians found the EHR/EMR to be less useful
than they had expected prior to implementation,® and another discovered that providers who
value a close relationship with patients felt less positively about electronic records.” Patients
were found to accept EHR/EMR well,** *® and approve of the way their provider used the system
in the exam room.*"** In contrast, the acceptance of CPOE was mixed. A systematic review®
described five studies showing that users were satisfied with the system and found it usable and
three studies reporting that satisfaction and perceived usability declined after implementation.
Many issues were found to affect the usability of EHR/EMR. Users complained about poor
navigation,*” such as having to “click” too often or flip between screens.® One physician
developed a “workaround” for these navigation issues that involved keeping multiple windows
open, but this increased the likelihood of errors in ordering or documentation.?’ Physicians also
complained when screens were too crowded or “busy.”?® Nurse practitioners in charge of a
nurse-run clinic found that the EHR/EMR screens did not match their workflow, so they invested
considerable time and resources in reworking the system.?® Other usability problems were
difficulties in identifying the correct diagnostic and procedure codes,*’ a documentation system
that had a steep learning curve,*” lab orders that disappeared from the system once the lab was
drawn,? progress notes that were difficult to display,*® and low-speed internet connections that
resulted in data interruption and loss.?* Research documented how the use of EHR/EMRSs can
create new errors,’ such as typos,* selecting the wrong entry from a drop-down list,** opening
the wrong patient’s chart,*? or entering information into the wrong patient’s chart because two
charts were open at the same time.** *° Clinicians discovered the need to double-check their
orders to avoid these errors.** >

Summary. In all, many articles were found that describe the impact of EHR/EMR and CPOE
implementation on workflow. After implementation, positive changes were found on the access
to information, legibility of records, ease of data extraction and ability to easily create high
quality documentation, especially using templates. Both positive and negative effects were found
on the time of physicians and support staff and communication among the care team. Negative or
neutral effects were found on physician workload and the interaction, communication and
relationships between providers and patients. EHR/EMR systems were well accepted, while
acceptance of CPOE showed no consistent pattern in the literature. A variety of issues affected
the usability of these systems including navigation, interface design, and the creation of new
errors.
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Clinical Decision Support

We found 75 articles describing the effects of clinical decision support (CDS) applications on
workflow. The types of care addressed by these systems varied widely, including chronic disease
management, depression screening, diagnosis support, the identification of potential adverse
drug events, medication prescribing and preventive care. In analyzing the descriptions of these
systems, we noticed that those sharing a goal (such as improving physician adherence to
preventive care guidelines) tended to be similar. The focus of a CDS typically had a strong
impact on system design and how the application was incorporated into clinical workflows. For
example, chronic disease management CDS are often triggered by patient characteristics
indicating how well the disease is being controlled, while preventive care CDS typically produce
reminders aimed at the primary care physician of a patient meeting specific criteria and attending
the clinic for another purpose. Medication prescribing CDS are triggered by the selection of
specific medications by the prescribing physician, and diagnosis support systems are triggered by
the selection of a template or the entry of data on a specific type of patient symptom. Appropriate
measures of adherence to the systems consequently vary. We chose to focus on three types of
CDS systems for which the largest number of articles were found: chronic disease management,
preventive care, and medication prescribing. Summaries of articles describing the workflow
effects of other types of CDS systems are included in the toolkit’s research database, but the
articles are not included in the syntheses below.

Chronic disease management. Seventeen studies were found describing workflow related to
the implementation of CDS for chronic disease management, two of which were systematic
literature reviews.*® ® The conditions addressed were hypertension,®*® diabetes,® ® heart
failure/disease,”® ®®"° asthma,®® ™"* chronic obstructive pulmonary disease,”* ™ declines in
functional status,” mental illness,*® and chronic pain.*® The design of most CDS systems was
similar. All of the described systems produced recommendations for the care of a specific patient
based on guidelines. Most systems drew data from an EHR or other electronic records but some
required data to be entered into the CDS.** "* > ™ The latter tended to have low rates of use,®® ™
and their acceptance was affected by the burden of additional data entry, as is discussed below.
With two exceptions,® " all described CDS were involuntarily triggered by rules applied to the
electronic data (passive design), rather than requiring the physician to engage the system.

The vast majority of studies examined whether CDS improved guideline adherence and thereby
the quality of care. The workflow changes examined were often increases in desired clinician
behavior. After implementation of the CDS, physicians were found to increase the frequency of
ordering laboratory tests,®*®® prescribing drugs in a recommended class,* ®®¢” performing
physical examinations,® ® scheduling patient visits,”* measuring pulmonary function,” and
other guideline adherance.®® One study found that physicians less often prescribed medications
that were not recommended.”* The findings of three studies showed no improvement in guideline
adherence after CDS implementation.®® > " Three studies found that physicians more frequently
documented information on the conditions addressed by the CDS,%® " " and one found they
documented information in a more structured way so that it could be used by the decision
support system.”* In one study, requiring physicians to document specific information led to
them entering information about the nonoccurrence of unlikely events without verifying the
information with the patient.®* A systematic literature review described mixed findings for the
effects of decision support on visit frequency and referral rates and generally positive effects on
treatment adherence and screening/testing.®’
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Other workflow changes were of concern because they would make the CDS less desirable
for the physicians to use. CDS was found in two studies to increase the average length of time
the physician spent with each patient,®" " although one study found no significant increase.®*
Three studies reported that physicians felt using the CDS disrupted their interactions with the
patient,>® "% ™ and observational data in one study indicated that use of the system did impede
communication between the patient and physician to some extent.”® However, in the same study
patients did not report “experiencing any disturbance because their [physician] was using the
computer or the CDS” (p.49)"° Other research showed that many patients saw the system as
having no impact on their communication, and that some patients found it beneficial for
communication.>® Two studies found that physicians avoided disrupting patient-physician
interactions by using the system after the patient had left the exam room.”® " This workaround
may be problematic because if the system is not used as intended, at the point of care, the
decision support will not be appropriately triggered during the patient visit.”

Overall acceptance of the CDS systems was mixed. Several studies describe evidence
suggesting that physicians found the systems useful®® 6% 670727 and helieved their use led to
better quality of care.?® "> " Many studies reported practitioner use as an indicator of acceptance.
For systems requiring initiation by the practitioner, results showed that some clinicians used the
system very frequently and others never® ™ or rarely’ used it. One of these studies found that
the rates of use were explained by physicians’ comfort with and liking of computers.” Only light
and moderate users complained that the reminders took too much time to review and cut into
their time with patients.”” ™ For some passive systems, the generated recommendations were
frequently bypassed by physicians who did not open and read them,” did not notice the
reminders,®® or immediately exited from the CDS.% %" According to one study, reasons for
bypassing the recommendations included “time constraints, an overwhelming amount of other
clinical information to process, insufficient time to document an intervention that was performed
outside of the practice..., an intervention was potentially painful or dangerous to a patient..., or
because th