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1. Executive Summary 
Translating knowledge gained from Patient-Centered Outcomes Research (PCOR) 
into clinical practice is key to healthcare quality improvement. A promising way to 
ensure that PCOR informs clinical care is through clinical decision support (CDS) 
interventions, which are technical and non-technical approaches that make it easier 
for care teams – including patients – to make decisions and take actions known to 
enhance outcomes. Yet best practices are only beginning to emerge and numerous 
barriers exist: poor coordination among stakeholders, lack of interoperability, sub-
optimal implementations, and poor usability to state but a few. Experts agree that 
more rapidly incorporating PCOR findings into clinical workflow via CDS will require 
a coordinated effort among multiple stakeholders who jointly promote best 
practices, collaborate on innovative means for knowledge dissemination and 
updates, and develop groundbreaking applications that ultimately improve 
healthcare quality. 

The Agency for Healthcare Research and Quality awarded RTI International a U18 
cooperative agreement to develop The Patient-Centered Outcomes Research Clinical 
Decision Support Learning Network (PCOR CDS-LN) to bring together stakeholders 
to promote a sustainable community around developing, disseminating, and 
applying PCOR-enabled CDS. The PCOR CDS-LN is designed to accelerate 
collaborative learning, overcome barriers and reinforce facilitators for effective CDS 
use, and evaluate the impact of its efforts. As part of the effort to accelerate 
learning and address the barriers and facilitators to PCOR-based CDS, the research 
team was to produce an environmental scan that lends insight into the current state 
of PCOR-based CDS and offer strategic vision for the PCOR CDS-LN in years ahead. 
This environmental scan is a result of numerous discussions with members of the 
PCOR CDS-LN Senior Research Team, experts from across multiple sectors, and 
literature searches. The findings are meant to provide a “springboard for action” to 
help the PCOR CDS-LN carry out its vision: to create an ecosystem that allows all 
stakeholders reduce the friction of turning knowledge from PCOR findings into CDS-
enabled actions that produce better care and outcomes. 

A critical artifact from this environmental scan is the Analytic Framework for Action 
(AFA), which graphically displays and defines areas of focus around the 
prioritization, implementation, and evaluation of PCOR-based CDS (see Exhibit 1-
1). The AFA, which was developed and vetted by many of the experts we engaged 
over the course of this effort, provides the means by which we organized the 
findings and recommendations. 
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Exhibit 1-1. The PCOR CDS-LN Analytic Framework for Action 

 
 

We generated key takeaways from each of the AFA’s categories: 

§ Addressing External Factors: Providing a working definition “PCOR-
based CDS” so to promote effective discussions that lead to action: 
“PCOR-based CDS helps patients and their care teams apply 
evidence from patient-centered outcomes research to enhance care 
processes and their results. Approaches include promoting shared 
decision-making, incorporating patient reported outcomes, 
factoring in patient preferences to generate patient-specific 
recommendations for care and others.” 

§ Prioritizing PCOR Findings for Dissemination via CDS: Involving 
multiple stakeholders in use cases to develop a mechanism for prioritizing 
PCOR for CDS. 

§ Authoring CDS Interventions: Engaging stakeholders to promote 
standards and access to data that promote effective PCOR-based CDS. 

§ Implementing CDS Interventions: Promoting research and knowledge-
sharing around ways PCOR-based CDS can be, and is being, 
operationalized for people and their caregivers. 

§ Measuring Decisions and Outcomes: Disseminating the various ways 
that PCOR-based CDS measurably impacts health and healthcare 
outcomes. 

§ Learning from PCOR-based CDS Experience: Partnering with relevant 
organizations such as the Patient-Centered Outcomes Research Institute 
(PCORI) and to feed learning from the implementation and use of PCOR-
based CDS back into the research and deployment cycle. 
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This environmental scan identifies numerous barriers and highlights multiple 
actionable opportunities for the PCOR CDS-LN. Stakeholders are demonstrably 
engaged through the PCOR CDS-LN’s governance structures including its Steering 
Committee and Advisory Council. Additional activity is now underway in the form of 
a Barriers and Facilitators Work Group, which is engaged in case development to 
expand upon the findings in this environmental scan. The environmental scan 
findings will also be reformatted and shared with several stakeholder groups as 
appropriate: articles, webinars, and conference presentations. Tailoring the results 
will make more visible the challenges and recommendations to authoring, 
developing, implementing, and evaluating PCOR-based CDS. 

We would like to thank the many people who offered their time, insights, and 
expertise to the development of this environmental scan. Their contributions are 
what made this report possible. 
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2. Background 
The Agency for Healthcare Research and Quality (AHRQ) references the Affordable 
Care Act (ACA) in its definition of Patient-Centered Outcomes Research (PCOR) as, 
“comparative clinical effectiveness research on the impact of patient health 
outcomes of two or more preventive, diagnostic, treatment, or health care delivery 
approaches.”1 Other definitions include AHRQ itself, which tacks on the phrase, 
“including those that are meaningful to patients,”2 and PCORI, which defines PCOR 
as, “[PCOR] helps people and their caregivers communicate and make informed 
healthcare decisions, allowing their voices to be heard in assessing the value of 
healthcare options.”3  

There is great potential for disseminating PCOR findings through clinical decision 
support (CDS), in that it can enable providers and patients to make evidence-based 
decisions that ultimately improve the quality of care within a learning health 
system. CDS is now broadly available within EHRs, yet there still is a lack of  
despite that widespread adoption for CDS that promotes patient-centered outcomes 
research. To promote advances in this area, AHRQ funded a U18 cooperative 
agreement “to build a community of stakeholders” with four official aims4: 

1. To establish the PCOR CDS-LN to convene, charter, implement, and initiate 
operations of a learning network of multiple stakeholders with an interest in 
disseminating and enabling PCOR findings though CDS 

2. To identify barriers and facilitators and formulate recommendations for 
enabling PCOR findings dissemination into clinical workflows using CDS 

3. To monitor, evaluate, and adapt the PCOR CDS-LN to optimally support the 
dissemination of PCOR findings into clinical workflows via CDS 

4. To develop a sustainability plan for ongoing operations 

Effort began in April 2016 to achieve the second aim above: conduct and report an 
environmental scan of PCOR-based CDS to generate action-oriented activities that 
build value to the community; the public; and to the client, AHRQ. This report 
compiles results from researchers’ investigations into the activities and thinking in 
the emerging field of PCOR-based CDS.  

The following purpose statement has been reviewed and approved by all members 
of the PCOR CDS-LN Senior Research Team (Drs. Blumenfeld, Osheroff, Middleton, 
Kawamoto, and Greenes): 

The purpose of the environmental scan is to provide an updated picture of 
writings and beliefs regarding PCOR and CDS, the purpose of which is to 
examine the barriers and facilitators to the use of CDS as a vehicle for putting 
PCOR findings into practice. 
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In carrying out its purpose, PCOR CDS-LN co-chairs (Drs. Osheroff and Middleton) 
stressed that this environmental scan should be a “springboard for action” that 
helps fulfill the organization’s vision: to create an ecosystem that allows all 
stakeholders reduce the friction of turning knowledge from PCOR findings into CDS-
enabled actions that produce better care and outcomes. 

The intended goal of this environmental scan is to ensure that the PCOR CDS-LN 
begins with a comprehensive review of the current state, which includes: 
technologies and architectures; user needs; policy; and more. Intended outcomes 
of the environmental scan, which include what was originally proposed to AHRQ, 
are listed in Exhibit 2-1. 

Exhibit 2-1. Intended Outcomes from the PCOR CDS-LN Environmental Scan 

§ Propose a definition of PCOR-based CDS 

§ Support efforts to assess the quality of PCOR evidence for CDS, such as assessments 
based on the reliability and quality of evidence-generating funding sources 

§ Support efforts to provide a basis for assessing the implementability of CDS for 
disseminating PCOR 

§ Inform and serve as the basis to formulate efforts prioritizing disseminating of PCOR 

§ Provide a base of understanding with which to develop discussion guide(s) and offer 
listening sessions with PCOR CDS-LN members  

§ Encourage and support the dissemination of materials including manuscripts, popular 
press, presentations, and posters 

§ Identify approaches to evaluating PCOR-based CDS initiatives 

§ Build a model of PCOR-based CDS that visually represents the field as well as where tacit 
and explicit knowledge reside 

§ Identify findings that can inform how PCOR-based CDS developments and 
implementations that promote a learning health system 

It is with the purpose, goal, and intended outcomes in mind that the environmental 
scan research team carried out its investigation: to make its findings and 
recommendations a “springboard for action” to disseminating PCOR evidence 
through CDS into clinical care. 
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3. Methods 
The effort for carrying out the environmental scan was highly iterative and 
collaborative. 

3.1 Team 
The project Principal Investigator, Dr. Barry Blumenfeld, convened a research team 
(See Exhibit 3-1) comprised of RTI researchers and Senior Research Team 
members to plan, collect data, analyze data, and disseminate findings to multiple 
stakeholders: AHRQ, the PCOR CDS-LN Steering Committee, the PCOR CDS-LN 
Council, and general members and non-members of the PCOR CDS-LN. The 
research team was approved by the Senior Research Team, which existed before 
the PCOR CDS-LN Steering Committee. The team met bi-weekly to discuss 
preliminary findings and ongoing analyses. 

Exhibit 3-1. Environmental Scan Research Team 

Name Organization Role 

Joshua Richardson, PhD, MS, MLIS RTI Lead 
Researcher 

Melissa Callaham, MS RTI Researcher 

Laura Marcial, PhD, MLIS RTI Researcher 

Barry Blumenfeld, MD, MS RTI/PCOR CDS-LN Primary 
Investigator 

Senior Advisor 

Blackford Middleton, MD, MPH, MSc Apervita/PCOR CDS-LN Co-Chair Senior Advisor 

Jerry Osheroff, MD TMIT Consulting, LLD/ PCOR CDS-LN 
Co-Chair 

Senior Advisor 

3.2 Environmental Scan Theoretical Basis 
In guiding the methodological approach, the team referred to an environmental 
scanning matrix developed by Choo.5 On the basis of a historical analysis of 
environmental scans, Choo built a 2 x 2 model for recommending how to best focus 
efforts (see Exhibit 3-2. The model represents how teams may have assumptions 
about the environment being studied, (Y axis) and the degree of organizational 
intrusiveness to be conducted (X axis). “Assumptions about the Environment” on 
the Y axis shows whether the team determines the environment being studied to be 
analyzable or analyzable. Analyzable areas are best explored through “conditioned 
viewing” of explicit sources such as literature databases and reports, whereas 
unanalyzable areas are best explored through “undirected viewing” of tacit 
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knowledge by way of interviews and discussions with personal connections. 
“Organizational Intrusiveness” on the X axis shows the degree of interaction with 
the external environment, labeled as passive or active (although “passive” should 
not be mistaken for an absence of action).  

Exhibit 3-2. Environmental Scan Methodological Framework5 

 
 

The research team determined that the most fruitful approach to data gathering 
and analysis for this project would be to engage in “Undirected Viewing” (by way of 
interviews) and “Conditioned Viewing” (by way of literature searches). These 
approaches would allow the research team to gather the tacit knowledge and 
explicit knowledge necessary given available time and resources. Future activities 
may entail “Enacting” and “Searching” as more PCOR-based CDS evidence and 
resources become available. The Senior Research Team approved both of the 
proposed approaches. 

3.3 Timeline 
Over 6 months the research team carried out planning, data collection, analysis, 
and multiple stakeholder vetting; as well as a title-level literature scan. After 
delivery to AHRQ, the research team will disseminate tailored findings to various 
stakeholder groups by way of webinars, publications, and conference presentations.  
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3.4 Data Collection 

3.4.1 Senior Research Team Discussion Group 
One area of tacit knowledge was gathered by way of an audio recorded 1-hour 
discussion with all of the PCOR CDS-LN Senior Research Team members on June 
17, 2016, and on October 5, 2016. The first discussion addressed pre-planned 
questions including the ACA definition for PCOR in relation to PCOR-based CDS, any 
known past efforts to conceptualize the barriers and facilitators to PCOR-based 
CDS, and ultimately how the research team could use the environmental scan to lay 
the groundwork for PCOR CDS-LN strategies (see Exhibit 3-3). The second 
discussion addressed what the Senior Research Team determined were still open 
questions about relevant standards for PCOR-based CDS. Researchers took notes in 
Microsoft Word and analyzed text in qualitative analysis software (NVivo v. 11, QSI 
International, Inc.), and directly imported results from a group discussion about 
standards (see Section 4.2.2.3). 

Exhibit 3-3. Senior Research Team Discussion Group Questions 

§ What are the big problems in healthcare that need to be solved? 

- Patients? 

- Providers? 

- Healthcare organizations and businesses? 

§ What can PCOR implemented as CDS do to address those problems (short-term to long-
term)?  

§ What are the barriers and facilitators to disseminating PCOR via CDS? 

§ Is PCOR within CDS any different than other clinical content within CDS? 

§ Who are the people or groups with important perspectives on PCOR, CDS, and PCOR-
based CDS that we want to engage for the environmental scan and beyond? 

§ What can the PCOR CDS-LN do to help stakeholders disseminate PCOR via CDS? 

 

A key outcome from the group discussion was a consensus agreement that there 
was a need for an analytical framework that could both bind the scope of the 
environmental scan and provide a common vocabulary that the PCOR CDS-LN 
community could use to better discuss PCOR-based CDS. The group also provided 
recommended citations of PCOR, CDS, and PCOR-based CDS that were to be added 
to a publicly available reading list. The research team then developed an analytical 
framework (see Section 4.1) and an online bibliography as discussed (see Section 
4.2.1.3). Both are described in further detail below. 
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3.4.2 Individual Expert Interviews 
In addition to the Senior Research Team discussion, the environmental scan 
research team conducted 27 telephone interviews with 34 experts from late June 
2016 to early August 2016. Experts came from multiple areas including PCOR, 
patient and family advocacy, CDS and electronic health record (EHR) development, 
provider care, and more. Interviews ranged in duration from 25 minutes to 75 
minutes. Researchers asked questions from the Senior Research Team’s approved 
semi-structured interview guide (see Exhibit 3-4).  

To frame interviews, we defined PCOR using AHRQ’s preferred definition from the 
ACA: “PCOR is comparative clinical effectiveness research of the impact on health 
outcomes of two or more preventive, diagnostic, treatment, or health care delivery 
approaches.” Researchers documented the answers in using Microsoft Word and 
then exported the text into qualitative analysis software (NVivo v. 11, QSI 
International, Inc.). 

Exhibit 3-4. Semi-Structured Interview Questions 

§ What is PCOR (reference ACA’s definition) and PCOR-based CDS? 

§ How do you think CDS could best be used to disseminate PCOR findings to clinicians and 
patients? 

§ What barriers do you think may make it difficult to disseminate PCOR through CDS? 

§ What do you think would help make it easier to disseminate PCOR through CDS? 

§ What criteria would you use for evaluating the quality of PCOR that goes into CDS? 

§ In your opinion, what is an important PCOR finding (individual OR population) that 
should or needs to be disseminated via CDS? 

§ Who, if anyone, is doing notable work in PCOR for CDS, for example people, companies, 
institutions? 

 

3.4.3 Feedback on the PCOR CDS-LN Analytic Framework for Action 
Of particular note, all interviewees were asked if they would review and comment 
on a draft version of the PCOR CDS-LN Analytic Framework for Action (AFA), which 
had been under development since the initial Senior Research Team group 
discussion (June 17, 2016). All interviewees answered that they would be willing to 
review and comment upon the draft. Of 34 interviewees, 7 provided feedback 
(those providing feedback included an informatics researcher, a government 
representative, a provider, and a patients and families representative). Using their 
feedback, the research team made significant updates to the AFA and its associated 
definitions. 
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3.5  Data Collection—Peer-Reviewed Literature and Gray 
Literature 

Explicit knowledge was gathered by accessing artifacts made available to the team 
from a variety of sources: Senior Research Team members’ personal citation 
libraries, PubMed, citations posted the website of the Patient-Centered Outcomes 
Research Institute (PCORI), Google and Google Scholar, white papers and various 
other documents. In all, one researcher (Richardson) independently collected, 
vetted, and organized over 300 citations he deemed relevant for the PCOR CDS-LN 
by carrying out a title review. Citations were organized according to the AFA (see 
Section 4.1) and have been made publicly available on the internet 
(https://www.zotero.org/groups/pcor_cds-ln_envscan/items). While in the process 
of collecting peer-reviewed literature and gray literature, the team engaged an 
expert literature searcher from the National Library of Medicine to refine a search 
strategy for PCOR-based CDS (given no such strategy yet existed, to the team’s 
knowledge). See Appendix A for the vetted search strategy. 

3.6 Data Analysis 
The lead researcher conducted a thematic analysis of the group discussion and 
individual interviews. First, notes of individual answers to questions were imported 
into qualitative analysis software (NVivo v. 11, QSR International, Inc.). Second, 
after an initial review and discussion, answers were interpreted as themes relating 
to barriers and facilitators as according to facets in the AFA.  

As previously stated, citations were vetted and organized by a single researcher 
(Richardson) according to the AFA. Time and and resources did not allow 
exhaustive review or coding of abstracts and full-text. However, many of the 
abstracts and some full-text were reviewed by the principal author and research 
team.  In the case of citations originating from the Senior Researchers, many of the 
papers were familiar to them. 

3.7  Limitations 
As noted above, literature review consisted of article reviews at the title level. This 
was done in part because of time and effort it took to develop a search strategy for 
PCOR-based CDS (see Appendix A). Future work through work groups will involve 
further vetting and updating of the bibliography as existing and new materials on 
PCOR-based CDS become available, and analysis at at the abstract and full-text 
levels. Second, time with interviewees was limited and we may not have delved as 
deep into PCOR-based CDS barriers and facilitators as the researchers may have 
liked. For that reason, we limited the number of questions asked of each 
interviewee. However, we believe the experts were engaged in all discussions and 
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provided valuable insights during the time they so graciously donated. We thank all 
who participated and are immensely grateful to them. 
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4. Results 
Through data collection and analysis of tacit knowledge (Senior Research Team 
discussion group and interviews) as well as explicit knowledge (published materials) 
we have generated results to guide the PCOR CDS-LN: 

§ AFA 
§ PCOR-based CDS Barriers and Facilitators organized by the AFA 

4.1 PCOR CDS-LN Analytic Framework for Action 
The AFA (see Exhibit 4-1) was developed and iteratively refined as an outgrowth 
of developing this environmental scan and of work establishing the PCOR CDS-LN 
with stakeholders such as the Steering Committee. It is designed to provide a 
framework for understanding the current state of applying PCOR-based CDS to 
improving care processes and outcomes (e.g., by organizing pertinent insights and 
literature as summarized in this environmental scan) and outlining action areas for 
achieving the PCOR CDS-LN’s goal of facilitating evolution of this current state to 
one where PCOR findings drive CDS-enabled care improvements much more 
efficiently and effectively. 

Exhibit 4-1. PCOR CDS Analytic Framework for Action 

 
 

We provide definitions for each of the factors in Exhibit 4-1 above: 

1. Addressing External Factors: External factors including the marketplace, 
policy, legal, and governance issues that impact development, 
dissemination, and implementation processes for PCOR-based CDS  
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2. Prioritizing PCOR Findings for Dissemination via CDS: Applying objective 
measures of evidence for identifying and prioritizing PCOR findings that 
are to be transformed and disseminated via PCOR-based CDS, assessing 
or defining their implementability, and defining stewardship and 
governance requirements. 

3. Authoring CDS Interventions: Applying accepted data and knowledge 
standards for translating PCOR findings into one or more CDS intervention 
types that support key decisions, actions, and communications that are 
essential to ensuring that the finding improves care and outcomes. 

4. Implementing CDS Interventions: Applying standardized, best practice 
methods and architectures for operationalizing PCOR-based CDS 
interventions into clinical workflows that deliver the right information to 
the right user in the right format through the right channel at the right 
time ("CDS Five Rights"). 

5. Measuring Decisions and Outcomes: Ensuring that PCOR-based CDS 
interventions measurably improve clinician and patient decision-making, 
care processes, and outcomes. 

6. Learning from PCOR-Based CDS Experience: Aggregating local PCOR-
based CDS-related outcomes and effectiveness measures to facilitate both 
local and system-level learning from identified gaps in PCOR knowledge, 
and lessons learned from authoring, implementing, and using PCOR-
enabled CDS in clinical practice to enhance care and outcomes. 

4.2 Potential Barriers and Facilitators to PCOR-Based CDS 

4.2.1 Addressing External Factors  

 

 
Definition: External factors include 
the marketplace, policy, legal, and 
governance factors that impact 
development, dissemination, and 
implementation processes for 
PCOR-based CDS. 

4.2.1.1 Potential Barrier: Defining and Describing PCOR-Based CDS 
Based on our discussions, we found the term, “PCOR-based CDS,” was a barrier in 
itself. Of note, our question about how CDS could best disseminate PCOR received 
the fewest numbers of documented answers (14 out of 26 interviews) and no 
recorded comments from patients and families stakeholders. Multiple interviewees 
from different fields (providers, informatics researchers, and government 
representatives) explicitly stated they didn’t know what PCOR-based CDS would 
look like, and that if PCOR-based CDS was another term for CER then there would 
be no difference from past CDS. Other discussants posited that PCOR-based CDS 
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would do well to encompass, if not encourage, patient participation in the care they 
receive (such as patient-reported outcomes), and focus on patient data types that 
may not be a primary focus of existing data and vocabulary standards (such as 
recording social determinants data). Without conceptual tools such as specific 
examples or use cases, people seem to lack a mental model of PCOR-based CDS 
with which to robustly engage on the topic. We offer the following as a working 
definition of PCOR-based CDS: 

“PCOR-based CDS helps patients and their care teams apply evidence 
from patient-centered outcomes research to enhance care processes 
and their results. Approaches include promoting shared decision-
making, incorporating patient reported outcomes, factoring in patient 
preferences to generate patient-specific recommendations for care and 
others.” 

Recommendation: Implement a use case aligned with the AFA to provide an 
example for putting PCOR into action through CDS. 

4.2.1.2 Potential Barrier: Access to Literature Around PCOR-Based CDS 
Many interviewees explained that they did not know of any specific sources for 
learning more about PCOR-based CDS. To that end, we have posted an online 
bibliography of literature composed of citations from the PCORI publications website 
and recommended citations from the PCOR CDS-LN Senior Research Team 
(https://www.zotero.org/groups/pcor_cds-ln_envscan/items). As of October 10, 
2016, the online bibliography contains 322 citations organized according to the AFA 
(see Appendix D).  

Exhibit 4-2. PCOR CDS-LN Online Bibliography  

 



PCOR CDS-LN RTI International 
 

 15 

Discussion with a National Library of Medicine (NLM) search expert confirmed that 
there is not a PCOR-based CDS subject heading (e.g., a Medical Subject Heading) 
to help identify relevant literature, and the term “patient-centered outcomes 
research” may not adequately capture relevant citations in this area. Therefore, in 
collaboration with an NLM searcher, we developed a search term for identifying 
relevant PCOR-based CDS literature in PubMed (see Appendix A). 

Recommendation: Allocate resources for fully curating the online bibliography 
organized by the AFA and routinely distribute relevant citations to subscribing 
members. 

4.2.1.3 Potential Barrier: Costs and Competing Priorities 
Some interviewees noted that implementing PCOR-based CDS could be difficult at 
this time given that the marketplace may not be able to support development and 
deployment costs, particularly in light of customers who are adjusting to demands 
in the regulatory environment. Two interviewees highlighted the challenges 
healthcare organizations are face in implementing PCMHs, ACOs, Meaningful Use or 
MACRA. For them, PCOR, let alone PCOR-based CDS, is not a priority nor a focus in 
their organizations at this time. The challenge is heightened when considering the 
economics of CDS development in general. One interviewee argued that the 
financial model is such that developing content in-house is neither feasible nor 
affordable, and if content were to be made available externally, hospitals and 
practices still have limited means to afford the content and expertise to integrate 
decision support artifacts into local systems. 

Recommendation: Conduct a high-priority use case that aligns development and 
implementation costs with healthcare organizations’ priorities and means for 
implementing standardized PCOR-based CDS interventions. 

4.2.1.4 Potential Barrier: Levels of Patient Health Literacy for PCOR and PCOR-
Based CDS 

Some interviewees pointed out that poor health literacy among patients could be a 
barrier to PCOR-based CDS. A patient and family advocate explained that outreach 
materials come from researchers and providers who sometimes inadequately 
capture the patient perspective. For providers, there may be unfamiliarity with 
effective ways to integrate PCOR findings into their decision-making processes and 
patient engagement. For researchers, it is not being able to communicate to 
stakeholders beyond academic technical jargon. The takeaway is that improving 
patient-centered health literacy among providers and researchers is a potential 
factor for effectively implementing effective PCOR-based CDS. 
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Recommendation: Disseminate research that addresses any ways low health 
literacy may have on patients’ ability to successfully engage providers within the 
context of PCOR-based CDS. 

4.2.2 Prioritizing PCOR Findings for Dissemination via CDS 

 

Definition: Applying objective measures of evidence 
for identifying and prioritizing PCOR findings that are 
to be transformed and disseminated via PCOR-based 
CDS, assessing or defining their implementability, 
and defining stewardship and governance 
requirements. 

4.2.2.1 Potential Barrier: Identifying PCOR to Be Disseminated via CDS 
Interviewees suggested areas of focus for PCOR-based CDS including mental 
health, medication management, and genetic-based conditions such as a family 
history of breast cancer (see Appendix C for the complete list). But most seemed 
to find it difficult to specify any one PCOR finding that should be a high priority for 
dissemination through CDS.  

Discussions with PCOR experts revealed that PCORI recognizes that disseminating 
PCOR evidence is a challenge, and for that, PCORI is organizing a committee to 
focus on that effort. In a similar vein, AHRQ is supporting efforts to make available 
an online repository of PCOR for dissemination through CDS. A PCOR expert stated 
that it would be useful for AHRQ to distill comparative effectiveness reviews 
(screening, diagnostic, and treating) and grade them so to prioritize areas. For 
example, Baylor’s Eisenberg Center has been working on consumer and physician 
and sometimes policymaker pamphlets. These are paper-based but could 
potentially be useful in electronic CDS.  

Recommendation: Establish official cross-collaborations with AHRQ and PCORI to 
leverage their initiatives for advancing PCOR-based CDS. 

4.2.2.2 Potential Barrier: Access to PCOR for PCOR-Based CDS 
Discussants directed the research team to seven online PCOR repositories but most 
appeared uncertain as to where or how to access PCOR. The online resources 
mentioned were the following: 

§ Institute of Medicine (IOM) 
§ United States Preventative Services Task Force (USPSTF) 
§ PCORI 
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§ AHRQ Guidelines.gov 
§ Cochrane Collaboration 
§ NLM's National Information Center for Health Services Research and 

Health Care Technology (NICHSR) 
§ Individual Professional societies 

As previously mentioned, AHRQ is actively developing an online resource to make 
available PCOR evidence for dissemination via PCOR-based CDS. 

Recommendation: Establish and maintain cross-collaborations with AHRQ and 
MITRE in the development of a PCOR-based CDS repository.  

4.2.2.3 Potential Barrier: Effective Means for Evaluating PCOR for PCOR-Based 
CDS 

Discussants did not come to agreement around any one tool or method for 
evaluating the appropriateness of PCOR to be disseminated through CDS. A 
patients and families Representative suggested it was due to the limitation of 
PCOR’s definition itself, which rarely incorporates social determinants (see Exhibit 
4-3). A PCOR expert stated evaluating would be very hard because there is rarely a 
single definitive study and would be hard to sell nationally. Adding to the challenge, 
one EHR vendor representative stated that implementing PCOR findings is not a 
problem that clients are trying to solve. Depending on their perspective, 
discussants commented on evaluating the quality of the PCOR and others 
commented on evaluating the quality of CDS (see Appendix B for the full list). 

Recommendation: Task a Barriers and Facilitators Work Group with developing the 
means for evaluating the implementability of PCOR-based CDS. 

Exhibit 4-3. Sample of Approaches to Evaluating PCOR by Stakeholder Type 

Stakeholder Approach 
Patients and Families 
Representatives 

Did the research apply characteristics from Arnstein’s Ladder of Citizen 
Participation6 (i.e. informing, placating, or partnership)?  

PCOR Experts What measures were used and were they based on contemporary 
measurement theory (i.e. item-response, rational/non-rational)?7  

EHR Vendors To what degree did a patient’s voice get represented in the evaluation 
process: qualitative approaches, focus groups, interviews, surveys?  

 

4.2.2.4 Potential Barrier: Effective Means for Determining the Level of 
Readiness for PCOR to Be Incorporated into CDS (“Implementability”) 

Not all PCOR findings will be amenable to being implemented as CDS yet 
communities lack assessment tools for knowing which findings may be easier to 
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implement than others. This is a critical gap that will likely hinder future attempts 
at integrating PCOR-based CDS into clinical workflows. 

Recommendation: Work with the PCOR CDS-LN community and partnering 
stakeholders to determine how implementation readiness can be addressed. 

4.2.2.5 Potential Barrier: PCOR-Based CDS Not Aligned with Payer Priorities 
Another finding may be that PCOR does not align with what payers are will to 
finance. Payer decisions are not based on the evidence alone; the evidence is one 
of many factors (cost being a core factor) taken into account in payers’ overall 
decision-making processes. 

Recommendation: Recruit a payer to provide his or her perspective toward a use 
case in a Barriers and Facilitators Work Group. 

4.2.3 Authoring CDS Interventions 

 

Definition: Applying consensus-based data 
and knowledge standards for translating PCOR 
findings into CDS interventions that support 
comparative or patient-centered decision-
making (i.e. risk calculators, cognitive aides). 

4.2.3.1 Potential Barrier: Previously Known CDS Barriers to Authoring 
Experts pointed to well-known CDS-related challenges to authoring such as gaining 
access to well-formatted data and applying standards-based terminologies, 
particularly if PCOR-based CDS means supporting patient-specific decisions. For 
example, one provider noted that ICD codes lack the necessary data elements to 
effectively capture social determinants to health (i.e. housing status or housing 
stability) for treating patients in community health settings. For that reason, 
community health centers are taking it upon themselves to develop their own data 
standards and vocabularies (see the PRAPARE Project at http://nachc.org/research-
and-data/prapare/). No single terminology standard exists that is generally agreed 
upon for representing patient level findings and outcomes; in fact, several 
competing alternatives exist. Another challenge is that if PCOR-based CDS is to 
support patient-specific decisions including incorporating data around individual 
values and preferences, then that can raise the specter of increased numbers of 
inappropriate reminders or alerts firing due to faulty or a lack of data. One 
informatics researcher noted this is an unsolved challenge, and likened ideal PCOR-
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based CDS it to an “80/20” balance: 80% best available evidence and 20% patient 
values and preferences. 

Recommendation: Task a Technical Standards Work Group for documenting and 
disseminating solutions for authoring PCOR-based CDS. 

4.2.3.2 Potential Barrier: Access to PCOR-Related Data 
As a patient and family representative commented, patient-generated data are key 
to achieving patient-centered care, and could be key to achieving meaningful 
PCOR-based CDS. Experts in PCOR, EHRs, and informatics research the field should 
build CDS tools from there, starting with the data and building out. 

Experts described activities directed around data issues that will be of interest to 
PCOR CDS-LN stakeholders. PCORI, for example, requires researchers make their 
data sharable and then share their data has data management and data sharing 
written into its contracts8 (see Exhibit 4-4). Similarly, the expert noted that 
PCORnet and Patient-Powered Research Networks (PPRNs) are working to rapidly 
cycle data from collection to dissemination to potentially answer real-world clinical 
questions. As more funding agencies mandate researchers make their project data 
available to the public, more data will likely become available to PCOR-based CDS 
developers. However, issues of data stewardship too will be of likely concern yet 
none of the experts had ready answers for addressing the issue. 

Exhibit 4-4. PCORI Standard Contract Language for Funded Research 

“PCORI encourages openness in research and making research 
data available for purposes of replication and reproducibility. 
Recipient shall develop and maintain a plan that addresses data 
management and data sharing of Research Project data in a 
manner that is appropriate for the nature of the Research Project 
and the types of Research Project data, and that is consistent with 
applicable privacy, confidentiality, and other legal requirements.” 

 

Some interviewees pointed to patient registries as effective data sources and tools 
because of how they organize data for primarily two different purposes: research 
and CDS. However, the field still needs to better delineate the differences between 
research and disease or CDS registries like the one being developed by the 
American College of Radiology. Better definitions and explanations of what 
registries are and how they are to be used has also been an area of PCORI’s work. 
One PCOR expert was encouraged by the development of registries and noted there 
is a proliferation of specialty-specific registries underway.  
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Gaining access to comprehensive data from EHRs, and data subsets such as those 
in C-CDAs is key and depends on systems being interoperable and being able to 
access, cleanse, and normalize relevant data. Artificial intelligence is at a stage that 
it can make interesting discoveries out of the data. Access to more data, 
particularly from patients about what patients want, means novel approaches to 
calculating risk. 

Recommendation: Post relevant data sources for use in PCOR-based CDS 
implementations. 

4.2.3.3 Potential Barrier: Facilitating Provider-Entered and Patient-Entered Data 
for PCOR-Based CDS 

Since PCOR-based CDS depends on data, it could be more effective if the CDS was 
developed in ways that supported providers in systematically collecting condition-
specific data. For example, one payer has reportedly been experimenting with 
collecting patient survey data around functional status to determine utilization 
decisions for knee and hip replacement. This “collaborative survey” approach is 
bringing the patient more effectively into the care process by actively tracking and 
sharing their status with providers. The result could ultimately lead to clinical 
decisions that are more salient to an individual’s patient needs, preferences, and 
values. The payer can also weigh those factors into to the extent to which it can 
and will authorize potential procedures. However, a technology vendor 
representative commented on the difficulty of getting patients to share their health, 
location, and activity data with healthcare providers and technology companies 
despite consumers’ seeming comfort with sharing many other details about their 
personal lives. 

Recommendation: Publish best practices that address data privacy and security 
issues for PCOR-based CDS. 

4.2.3.4 Potential Barrier: Access to Reliable PCOR Measures When Authoring 
PCOR-Based CDS 

One interviewee with expertise in quality measurement noted the importance of, 
yet difficulty with, operationalizing reliable patient-reported measures and 
integrating any resulting data  into EHRs. For example, Epic is incorporating 
PROMIS, which is a set of person-centered measures for evaluating patient health, 
to capture highly precise patient measurements.7 Similarly, a vendor is working 
with care delivery organizations, payers, and quality organizations to incorporate 
PHQ-9. Effort needs to be made to identify ways that patient-centeredness can be 
measured so that implementers can judge what PCOR is appropriate or not 
appropriate for CDS. 
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Recommendation: Publish a library of approved patient-reported data sets and 
measures. 

4.2.3.5 Potential Barrier: Authoring PCOR-Based CDS Tools That Are Patient-
Specific and Incorporate Shared Decision-Making, Patient Perspectives, 
and Patient-Reported Outcomes 

Interviewees pointed to areas of work that could be beneficial PCOR-enabled CDS, 
and shifting focus from disease to health could drive new ways of integrating PCOR 
into CDS. One area of research that may grow as a result is predictive algorithms to 
guide decision-making (although PCOR-based CDS would not be the only driver for 
predictive analytics). However, it provides some focus around the need for granular 
data to open up a range of decision possibilities, particularly if patients were given 
means to electronically weigh in on the course of their own care.  

One example provided was current work on hospital-acquired pulmonary embolisms 
(PEs). The work entails identifying a subset of patients who normally do not show 
signs and have low risk of PE, so much so that the subset would not require 
inpatient monitoring and instead may be able to go home for a watchful waiting 
approach. The interviewee noted that more patient-specific data is necessary for 
them to accurately identify the subset at low risk for PE and therefore eligible for 
home monitoring.  

Another area pointed to was that of patient-facing and provider-facing cognitive 
aides, which empower patients and providers to visually compare potential 
outcomes based on data-driven risk calculations. A third area is engaging patients 
via mobile apps. Patient and family representatives cautioned, however, that apps 
should be designed in ways or at levels that support health literacy levels and 
language (including multi-language) needs. Visualizations are important means to 
communicating health concepts to patients, and collaborating with health coaches 
to author patient-centered interventions would be one way to inform designs for 
PCOR-enabled CDS. 

Recommendation: Highlight novel areas of work, such as methods for assessing 
patient preferences in PCOR-based CDS, within a use case. 

4.2.3.6 Potential Barrier: Need for Further Development, Validation, and 
Adoption of Standards Required for Interoperable PCOR-Based CDS 

For PCOR-based CDS to be widely implemented at a reasonable cost, 
interoperability standards are required for sharing CDS interventions efficiently 
across institutions and health information technology (IT) platforms. One important 
problem is that standards required for such interoperable PCOR-based CDS will 
require development, validation, and adoption among stakeholders (e.g., vendors, 
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healthcare organizations) who have competing business requirements. Below is a 
sample summary of the current state of standards in areas required for 
interoperable PCOR-based CDS (see Appendix D for full table). 

Exhibit 4-5. Sample of CDS Current State and Needs 

Standards 
Category Current State Development and 

Validation Need 

Foundation—
Orderable Catalog 

There is no standard orderable catalog, limiting 
interoperability potential for CDS utilizing orders.  

Resources to develop 
national orderable 
catalog 

Foundation—
Logical Expression 
Language 

HL7 Clinical Quality Language (CQL)—developed based 
on requirements from various earlier standards, 
including Arden Syntax, GELLO, etc. CMS is adopting 
for quality measurement programs. Standard itself is 
fairly mature. 

Vendor validation and 
adoption for CDS 

 

Recommendation: Task a standards work group to address data standards, data 
and knowledge representation, and vendor adoption (e.g., simplified profiles with 
functionality that can be supported without the need for vendors to implement new 
capabilities). 
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4.2.4 Implementing CDS Interventions 

 

Definition: Applying standardized methods 
and architectures for operationalizing PCOR-
based CDS interventions into clinical 
workflows, which deliver the right information 
to the right people in the right formats 
through the right channels at the right times 
("CDS Five Rights"). 

 

Guidance on improving care processes and outcomes with CDS have been published 
in journal articles,9 guidebooks,10,11 and more recently in federally sponsored 
websites from ONC12 and HRSA.13 While organizations increasingly turn to such 
resources for help in successfully developing implementing CDS-enabled quality 
improvement strategies, many obstacles remain. 

4.2.4.1 Potential Barrier: Previously Known Barriers to Implementing CDS 
Interventions 

Experts pointed to well-known CDS-related challenges to potentially implementing 
PCOR-enabled CDS: 

§ Lack of time 
§ Provider resistance to health IT adoption broadly, perhaps because of 

extra work, altered workflows, and other unintended consequences of 
health IT  

§ Too many reminders and alerts 
§ Disruptive to clinical workflows and context without effective means to 

customize 
§ Insufficient means to presenting data to providers and patients that are 

relevant and actionable 
§ Difficult authoring tools in host EHR systems, and limited knowledge 

sharing capabilities 
§ Limited host EMR functionality for advanced CDS methods 
§ Limited ability to use external services providing CDS 
§ Difficult to link some CDS interventions to actions in the clinical workflow 

(i.e., actionable CDS) 

Recommendation: Identify known implementation strategies and tools for 
improving care delivery that are transferable to PCOR-based CDS. 
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4.2.4.2 Potential Barrier: Lack of User-Centered Research on PCOR-Enabled 
CDS 

Interviewees noted that it could be difficult making PCOR actionable through CDS 
because of a persistent lack of understanding around patient and clinician needs 
and the lack of an infrastructure to turn PCOR into something actionable. This issue 
could be particularly daunting for patient-facing PCOR-based CDS meant to help a 
patient not only understand their health status but then to take action (or no 
action) based on best available evidence. That support should ideally be readily 
available to patients in and away from clinical settings, yet relatively little is still 
known how to implement in either arena. 

Recommendation: Call for e-journal articles and webinars on usability issues as 
they pertain to PCOR-based CDS. 

4.2.5 Measuring Decisions and Outcomes  

 

Definition: Ensuring that PCOR-based CDS 
interventions measurably improve clinician 
and patient decision-making, care processes, 
and outcomes. 

4.2.5.1  Potential Barrier: Determining Optimal Metrics for the Ways PCOR-
Based CDS Impacts Decision-Making and Patient Care 

Prioritizing, authoring, and implementing PCOR-based CDS alone is not the goal nor 
the vision of the PCOR CDS-LN. The goal is to measurably improve care and 
outcomes by way of PCOR-based CDS. Therefore, the issue is how can PCOR-based 
CDS measurably demonstrate effects (whether positive or negative) on patient 
outcomes.  

First, an infrastructure needs to be in place that enables synthesizing PCOR 
evidence into CDS tools. Second, those tools need to be designed and implemented 
in ways that support workflows including provider-patient discussion strategies 
(ways to discuss what the evidence means and the kinds of decisions that could 
result from that). Third, PCOR-based CDS tools need to be tied to organizational 
quality strategies. And fourth, the effects of PCOR-based CDS need to be measured 
so that the evidence and performance of the tools can be modified as needed. 

Recommendation: Publish a use case that identifies barriers and opportunities for 
measuring the effects of PCOR-based CDS. 
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4.2.6 Learning from PCOR-Based CDS Experience 

 

Definition: Aggregating local PCOR-based 
CDS-related outcomes and effectiveness 
measures to facilitate system level 
learning from identified gaps in PCOR 
knowledge, CDS-enabled clinical practice, 
and patient outcomes. 

4.2.6.1  Potential Barrier: Integrating PCOR-Based CDS into a Learning Health 
System 

The PCOR CDS-LN Senior Research Team sees it as an imperative that data and 
evidence from and related to PCOR-based CDS be fed back into the research 
process to create a true learning health system. One interviewee, however, 
wondered if medical culture is yet at a point where research (including PCOR) and 
clinical care can co-exist to drive systems-level learning. Therefore, making PCOR-
based CDS actionable within a Learning Health System may be a very ambitious 
goal. 

Toward this end, the PCOR CDS-LN could begin and sustain dialogs among 
stakeholders within its growing membership. A provider commented that they 
hoped to see substantive engagement between leaders in PCOR and CDS. And a 
payer commented he would like to learn more about PCOR-enabled CDS and could 
see value in the PCOR CDS-LN if it helped him learn how payers could share lessons 
learned and ultimately promote PCOR-based CDS uptake among providers. 
Opportunities to collaborate abound. For example, the research team engaged in 
conversations with a representative from the The Learning Health Community 
(http://www.learninghealth.org/). Also, NLM is eager to engage and has resources, 
interest, and people focused on CDS and CER. For example, it makes available 
materials directly relevant to CER and other tools through NICHSR 
(https://www.nlm.nih.gov/hsrinfo/). 

Recommendation: Engage stakeholders in investigating ways that actions and 
outcomes from PCOR-based CDS can contribute to a learning health system 
ecosystem. 

  



PCOR CDS-LN RTI International 
 

 26 

5. Discussion 
The findings provide the PCOR CDS-LN in specific, and the larger field of PCOR-
based CDS in general, with areas for action as outlined below.  

Interviews and literature searches revealed a need for generating a definition of 
PCOR-based CDS to help stakeholders frame discussions around developing and 
disseminating PCOR through CDS. In addition, feedback indicated a need for a 
definition that incorporates elements of CER as well as factors such as patient 
values and preferences into CDS. We have proposed the following working 
definition:  

PCOR-based CDS helps patients and their care teams apply evidence from patient-
centered outcomes research to enhance care processes and their results. 
Approaches include promoting shared decision-making, incorporating patient 
reported outcomes, factoring in patient preferences to generate patient-specific 
recommendations for care and others. 

A second action that resulted from this environmental scan is the development of 
the AFA and accompanying definitions. The AFA provides a means for 
conceptualizing a generalizable approach to investigating and analyzing critical 
areas in the identification, development, implementation, and evaluation of PCOR-
based CDS. We believe the AFA will be a critical tool for communicating to various 
stakeholder groups – within and beyond the PCOR CDS-LN – where challenges and 
opportunities lie for collaboration and common action.   

 

Exhibit 5-1: The PCOR CDS-LN Analytic Framework for Action 
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Interviewees suggested and supported the PCOR CDS-LN developing a compelling 
use case for helping make the case more concrete. Areas of particular interest (and 
challenge) would be to estimate development and implementation costs of PCOR-
based CDS within that use case. Yet another challenge would be to select a use 
case that matches or outweighs existing priorities that healthcare organizations 
currently face (e.g., Meaningful Use, MACRA, PCMHs). Here, involving the payer 
perspective from the outset would be extremely valuable. 

Another area of challenge and opportunity is developing ways that results from 
applying PCOR findings via CDS interventions can be fed back to support a learning 
health system. Results show that there are promising connections to be made 
between the PCOR CDS-LN through its AFA and organizations specifically focused 
on PCOR (e.g. PCORI) and a learning health (e.g., the Learning Health Community). 
By fostering dialog among these groups and others, the PCOR CDS-LN can be a 
valuable partner in developing the structures and processes for translating PCOR 
evidence into practice in a manner that supports better outcomes and more 
efficient learning.  

One area of particular area of interest across communities will be how PCOR data 
are generated, formatted, and plugged in to provider-facing and patient-facing 
CDS. In this respect, the stakeholders that the PCOR CDS-LN are to represent will 
undoubtedly have valuable input to share. 

An online knowledge management platform with the ability to effectively document, 
track, and disseminate PCOR-based CDS knowledge will be critical for success. The 
PCOR CDS-LN will do well to continue the efforts already underway for establishing 
its online presence so to gather input from numerous stakeholders, share 
knowledge developed through its efforts (like this environmental scan), and then be 
able to make explicit connections to external efforts in PCOR CDS-LN development: 
AHRQ repository, PCORI’s efforts based on its Evaluation Framework 2.0, and 
others. Linking relevant data and knowledge resources to promote CDS authoring 
environments in business, research, and even individual patients and citizen 
scientists, would be a valuable resource to multiple communities. 

The results of this environmental scan have led to the development of a working 
definition of PCOR-based CDS, the AFA, and recommended actions that the PCOR 
CDS-LN can take to engage stakeholders within and beyond its growing community. 

  



PCOR CDS-LN RTI International 
 

 28 

6. References 
1.  AHRQ Patient-Centered Outcomes Research Clinical Decision Support Learning 

Network (U18) | Agency for Healthcare Research & Quality [Internet]. 2015 
[cited 2016 Oct 13]. Available from: http://www.ahrq.gov/funding/fund-
opps/rfahs15003faq.html 

2.  Frequently Asked Questions About the Selection Process for AHRQ Dissemination 
and Implementation Initiative | Agency for Healthcare Research & Quality 
[Internet]. 2016 [cited 2016 Oct 13]. Available from: 
http://www.ahrq.gov/cpi/initiatives/pcortf/pcortf-faq.html 

3.  Patient-Centered Outcomes Research [Internet]. Patient-Centered Outcomes 
Research Institute. 2013 [cited 2016 Oct 27]. Available from: 
http://www.pcori.org/research-results/patient-centered-outcomes-research 

4.  Optimizing strategies for clinical decision support (Meeting no. 1): Meeting of 
the Leadership Consortium for Value & Science-Driven Health Care sponsored by 
the Office of the National Coordinator for Health IT [Internet]. Washington, 
D.C.: The National Academy of Sciences; 2016 Mar. Available from: 
https://nam.edu/event/namonc-meeting-optimizing-strategies-for-clinical-
decision-support-meeting-no-1/ 

5.  Environmental scanning as information seeking and organizational learning 
[Internet]. [cited 2016 May 3]. Available from: 
http://www.informationr.net/ir/7-1/paper112.html 

6.  Arnstein SR. A Ladder Of Citizen Participation. J Am Inst Plann. 1969 
Jul;35(4):216–24.  

7.  PROMIS [Internet]. [cited 2016 Sep 3]. Available from: 
http://www.healthmeasures.net/explore-measurement-systems/promis 

8.  Patient-Centered Outcomes Research Institute: Contract for Funded Research 
Projects Standard [Internet]. Patient-Centered Outcomes Research Institute; 
2016 Apr [cited 2016 Aug 19]. Report No.: CR8. Available from: 
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=r
ja&uact=8&ved=0ahUKEwjCvP3opfTOAhVMOiYKHewKB8MQFgghMAA&url=http
%3A%2F%2Fwww.pcori.org%2Fsites%2Fdefault%2Ffiles%2FPCORI-PFA-
Standard-Contract-for-Funded-Research-
Projects.pdf&usg=AFQjCNGZ7v0GHMdWJKWk_REZgkZ99iTORA&sig2=2O9aemh
E4aM_quulLhg1qg 

9.  Bates DW, Kuperman GJ, Wang S, Gandhi T, Kittler A, Volk L, et al. Ten 
Commandments for Effective Clinical Decision Support: Making the Practice of 
Evidence-based Medicine a Reality. J Am Med Inform Assoc. 2003 
Nov;10(6):523–30.  



PCOR CDS-LN RTI International 
 

 29 

10.  Greenes RA, editor. Clinical decision support: the road to broad adoption. 
2nd ed. Amsterdam : Boston: Academic Press; 2014. 887 p.  

11.  Osheroff JA, Teich J, Levick D, Saldana L, Velasco F, Sittig DF, et al. 
Improving outcomes with clinical decision support: an implementer’s guide. 2nd 
ed. Chicago, IL: HIMSS; 2012. 323 p.  

12.  Osheroff JA. Planning and Implementing Improved Care Processes | 
Providers & Professionals | HealthIT.gov [Internet]. 2015 [cited 2016 Oct 7]. 
Available from: https://www.healthit.gov/providers-professionals/planning-and-
implementing-improved-care-processes 

13.  Osheroff JA. HITEQ Center - Guide to Improving Care Processes and 
Outcomes in Health Centers [Internet]. 2016 [cited 2016 Oct 7]. Available from: 
http://hiteqcenter.org/Resources/HealthITEnabledQI/ImprovingPerformance/FQ
HCProcessesandOutcomes/TabId/152/ArtMID/919/ArticleID/108/Guide-to-
Improving-Care-Processes-and-Outcomes-in-Health-Centers.aspx 



 

 B-1 

Appendix A:  PubMed Search Strategy 
(PCOR[tiab] OR "Patient-Centered Care"[Mesh] OR "Patient Centered Care"[tiab] 
OR "Patient Outcome Assessment"[Mesh] OR "Comparative Effectiveness 
Research"[Mesh] OR "Precision Medicine"[Mesh]) AND ("Decision Support Systems, 
Clinical"[Mesh] OR "Decision Making, Computer-Assisted"[Mesh] OR "Decision 
Support Techniques"[Mesh] OR "clinical decision support"[tiab] OR CDS[tiab]) 

 
882 Results on October 27, 2016 
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Appendix B: Expert Suggestions to Evaluating PCOR 

Stakeholder Means 

Patients & Families Identify the degrees to which patients were engaged in developing and 
conducting the research being disseminated. 

Patients & Families 

Determine whether the research applied Arnstein’s “Ladder of Citizen 
Participation” such as: Informing, Placating, or Partnership. 
http://lithgow-schmidt.dk/sherry-arnstein/ladder-of-citizen-
participation.html  

Patients & Families Identify whether real patients were used instead of patient proxies or 
surrogates. 

Patients & Families Determine any recommendation’s impact for the specific context of the 
patient. 

Patients & Families Determine the degree to which the research removes patient barriers. 

Patients & Families Determine how well patients understood the recommendation. 

Patients & Families Develop and determine a way to measure the degree of a 
recommendation’s actionability. 

Patients & Families Determine the feasibility for patients to follow any recommendation. 

PCOR Experts 
Specify the tools that were used to measure any patient actions and 
make clear whether or not those tools are based on contemporary 
measurement theory, i.e. item-response, rational/non-rational. 

EHR Vendors & Informatics 
Determine the degree to which patient voice gets represented in an 
evaluation process: qualitative approaches, focus groups, interviews, 
surveys  

PCOR Experts Determine the degree to which any conditions being studied answer 
questions that “real” people care about: mortality, cost. 
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Appendix C: Experts’ Suggested Conditions for 
PCOR-Based CDS 

Health Care Delivery 

End of life therapies, hospice 

Highest cost conditions not being optimally treated: asthma, diabetes, hypertension 

Mental and physical are the way to go, and align with payer priorities. Go to where the 
measures are at: pediatrics, OB/GYN, PHQ-9 

Nurses doing discharge planning and the education that goes on at that time 

Medication Management 

Antibiotics use orally vs IV 

Geriatrics where there's not a lot of evidence as to meaningful outcomes for older 
patients, and helping older adults getting off meds over time (reducing polypharmacy) 

Wasteful and unnecessary or obsolete care would be high on the list…and is a "huge 
problem." Overuse of antibiotics would be a good example. Drug replacement would be 
another 

Mental Health 

Alzheimer's more screen at point of care 

Focus more research for disseminating patient-centered care for pediatric mental health 
(autism, anxiety, eating disorders, etc.) 

Mental health 

Mental health based on data from patient-reported outcomes collected from kiosks or 
PHRs 

Physical Conditions 

BRCA gene mastectomy 

Breast cancer, getting to a point where treatments are customized 

Cardiology: CAD, HF 
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Focus more research for disseminating patient-centered care for pediatric mental health 
(autism, anxiety, eating disorders, etc.) 

Hip & Knee arthroplasty: outcomes, provider performance 

Incorporating decision-making around high-stakes procedures or screening tests, 
particularly where there is unclear data, i.e. mammographies in younger women, PSA 
tests. Also, decisions around elective procedures, i.e. prophylactic mammography for 
BRCA patients 
Low Back Pain - watchful waiting vs. prescribing 

Macrolides in ophthalmology 

Patient-reported outcomes using specific measures from the domains of pain, fatigue, 
sleep 

Sepsis 
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Appendix E: CDS Standards Current State and Needs 
Standards 
Category Current State Development and 

Validation Need 

Foundation— 
Data Model 

Myriad of standards, each with limitations. Below is a 
list of some of the currently most promising data 
models for CDS: 

§ HL7 C-CDA—mature and widely supported, but 
with local implementation differences, does not 
fully cover CDS needs, and complex 

§ HL7 FHIR—highly promising and starting to get 
significant EHR vendor adoption. However, 
semantics are very loose. 

§ HL7 Data Access Framework (DAF) FHIR 
profiles—based on Meaningful Use Stage 2 
requirement and getting significant EHR 
vendor adoption. However, there are still some 
loose semantics and does not fully cover CDS 
needs. 

§ HL7 Quality Improvement Core (QICore) FHIR 
profiles—an extension of DAF FHIR profiles 
that cover more of CDS and quality 
measurement needs, based on the HL7 Virtual 
Medical Record (vMR) and QDM standards. 
Limited vendor adoption, still some loose 
semantics. 

§ HL7 Clinical Information Modeling Initiative 
(CIMI), including FHIR profiles—a highly 
promising approach to defining detailed 
semantics. However, still early, and heavily 
under-resourced compared to vast needs. 

§ Definition of detailed 
semantics, e.g., 
through CIMI 

§ Vendor validation and 
adoption 

Foundation—
Logical 
Expression 
Language 

HL7 Clinical Quality Language (CQL)—developed 
based on requirements from various earlier 
standards, including Arden Syntax, GELLO, etc. CMS 
is adopting for quality measurement programs. 
Standard itself is fairly mature. 

§ Vendor validation and 
adoption for CDS 

Foundation—
Orderable 
Catalog 

There is no standard orderable catalog, limiting 
interoperability potential for CDS utilizing orders.  

§ Resources to develop 
national orderable 
catalog 

Standards for 
Sharing CDS 
Knowledge 
Artifacts  

HL7 CDS Knowledge Artifact Specification (KAS) —
stable and comprehensive. However, limited vendor 
adoption. KAS’s FHIR instantiation in the FHIR 
Clinical Reasoning module—getting stable. Limited 
vendor adoption. 

§ Vendor validation and 
adoption 

Standards for 
Sharing CDS 
as a Decision 

HL7 Decision Support Service—stable and with some 
implementation, e.g., by the Veterans Health 
Administration. HL7 FHIR Clinical Reasoning Module—

§ Harmonization of FHIR 
Clinical Reasoning 
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Standards 
Category Current State Development and 

Validation Need 

Support 
Service 

based on HL7 Decision Support Service 
requirements. Limited vendor adoption. CDS Hooks 
proposal—not a standard, but substantial early 
vendor interest. 

module and CDS Hooks 
(in process). 

§ Vendor validation and 
adoption. Of note, 
some vendors, such as 
Epic, provide robust 
vendor-specific 
capabilities in this area. 

Standards for 
Integrating 
“Apps” into 
the EHR 

SMART on FHIR specification—though not a standard, 
getting significant vendor uptake. Main limitation 
relates to the semantic limitations of the DAF FHIR 
profile that most vendors are supporting, and the 
lack of write support by most vendors. 

§ Gradually increase 
support for additional 
FHIR profiles and for 
write capabilities. 

 


