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Abstract

The digitalization of the healthcare systems has resulted in a deluge of big data and has prompted the rapid growth
of data science in medicine. Many informatics tools, such as data science, which is the field of study dedicated to the
principled extraction of knowledge from complex data, can also introduce benefits into implementation science,
quality improvement (QIl), and primary care research. The increased amount of primary care QI initiatives,
availability of practice facilitation-related data, the need for better evidence-based care, and the complexity of
challenges make the use of data science techniques and data-driven research particularly appealing to primary care.
Recent advances in the usability, applicability, and interpretability of data science models offer promising
applications to implementation science. Despite the increasing number of studies and publications in the field, thus
far there have been few examples of combining informatics and implementation framework to facilitate primary care
studies. We designed and developed an informatics-driven implementation research framework to provide a coherent
rationale and justification of the complex interrelationships among features, strategies, and outcomes. The proposed
framework is a principle-guided tool designed to improve the specification, reproducibility, and testable causal
pathways involved in implementation research projects in primary care settings.

INTRODUCTION
Implementation science

Implementation research is the scientific study of methods to promote the systematic uptake of research findings
and other evidence-based practices into routine practice, and, hence, to improve the quality and effectiveness of health
services and care. This relatively new field includes the study of influences on health care professionals and
organizational behaviors.! Implementation science shares many characteristics, and the rigorous approach, of clinical
research. Implementation science in primary care involves investigation at multi-levels, and the targets of
investigation include the patients, health care providers, primary care clinics, organization, community, society, and
health system.

Informatics in primary care

Health care systems, especially primary care, suffer from major gaps between evidence and practice, unexplained
practice variations, and suboptimal quality.? Although health information technologies (HIT), such as information
processing, and management are key to health care delivery and considerable evidence to improvements in health care
quality and patient safety, primary care has a longstanding gap in the implementation of evidence-based practices and
informatics packages. Informatics in primary care includes the development, installation, and implementation of
electronic systems and relevant applications, including hardware, software, networking, and communication tools.® In
the past decade, IT development activities within the health care industry have increased as executives and providers
recognized the urgent need for strategic information management and inadequacies of traditional information storage,
retrieval, and analysis tools. However, most IT investments in primary care lack feasible guidelines for implementation
and maintain sustainable improvement.*

Implementation of informatics packages or tools in primary care has two main domains: (1) HIT infrastructure
implementation. For example, implementing or updating electronic health record (EHR) systems to enable automated
mechanisms for capturing data, and facilitate clinical decision making; (2) leveraging the clinical decision support
(CDS) systems to improve health care providers’ performance and generate measurable metrics to evaluate the
performance, such as efficiency, effectiveness, cost, efficacy, etc.

In general, most health care information systems are composed of automated billing and financial management,
patient admission, discharge, transfers and registration, coordination of communications infrastructure, claims
processing, customer service, and electronic data sharing. The informatics infrastructure needed for primary care
includes feasible data collection methods, data repositories, clinical event monitoring, health care standards including
standardized terminologies, digital sources of evidence, data-mining techniques, and communication technologies.®
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The informatics system in primary care needs to interface with, and assist, patients, health care providers, primary
care managers, health care organizations, communities, and the public.

This study aims to design and develop an informatics-driven implementation research framework to provide a
coherent rationale and justification of the complex interrelationships among features, strategies, and outcomes. We
will adapt the typical evaluation logic model to integrate existing implementation science frameworks and
informatics models as their core elements while keeping to the same aim of facilitating the causal modeling.

METHODS
Framework

To develop the informatics-driven implementation research framework, we adopted the Implementation
Research Logic Model (IRLM) that was developed by Smith et al.® This model enables a pipeline format for primary
care systems that support the adoption and delivery of health practices by involving multiple levels factors within or
outside the system and having its own unique characteristics. This framework also incorporated the key elements of
the FITT (Fit between Individuals, Task and Technology) framework.”
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Figure 1. Informatics-driven implementation research framework standard template
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RESULTS
Features

Features are variables or factors that may impact the implementation (i.e., barriers and facilitators). All the
features can be mapped onto the Consolidated Framework for Implementation Research (CFIR) framework.® In
some cases, features may act as moderators or mediators, thus indicating that they are links in a chain of causal
mechanisms. °

Informatics domains
Task

Tasks in primary care include collecting medical history, gathering preventive service information, completing
forms, screening disease, diagnosing, tracking diagnostic data, making treatment protocols, proposing interventions,
educating patients about self-care activities and medications, refilling prescriptions, receiving and resolving patients’
inquiries, referral tracking, and arranging home health care.1%%
Technology

In primary care, technology and informatics system have several key elements. In general, a primary care

clinic should have an available EHR to enable patients and providers to conduct shared decision-making. EHRs
store personal health data, reliable patient-specific tools, and resources. EHRs provide every patient and their
caregivers with the necessary information required for optimal care. They can help patients to better understand the
complexity of medical care and more readily participate in clinical decision-making and preventive health behaviors.
Electronic health information exchange (HIE) ensures security, privacy, and system compatibility.*? The exchange
between organizations facilitates sharing of patient information at the point of the care delivery to eliminate
unnecessary testing, improve safety, and facilitate efforts to improve health care quality and patient safety Clinicians
in primary care can leverage CDS can help health care providers utilize state-of-the-art medical knowledge in
treatment decisions. CDS provides information management tools for the acquisition, manipulation, application,
distribution, and display of appropriate patient- and task-specific clinical data to providers and patients that is
conducive to correct, timely, and evidence-based clinical decision-making. Computerized provider order entry
(CPOE) can help the tracking and analysis of health care processes.** CPOE for tests, medicine, and procedures has
the potential to decrease medical error, improve quality. It can help providers coordinate and collect patient-specific
information. Population-based health care systems support the creation of large, integrated databases of patient-
specific information that allow real-time management of populations of similar patients. These databases can
facilitate the evaluation of new implementation strategies and provide insights into new associations between
management approaches and health states.**

All of these tools coordinate information dissemination and sharing from various databases to equip the
provider in providing patient-specific, appropriate, timely, and evidence-based care.®

Individual

For implementation research in primary care, there are several key stakeholders during the process, including
primary care leaders, managers. Quality improvement practice facilitators are implementation scientists are also
important because they work closely with primary care leaders and staff as partners and break down the research-
practice divide in order to achieve the ultimate goal of increasing the public health impact. Table 1 demonstrates the
informatics-driven interventions and strategies for implementation projects in primary care based on the three
domains.*6
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Table 1. Informatics-driven interventions and strategies for implementation projects in primary care

Informatics Interventions and Strategies
domain
Task e Understanding, and incorporating, and improving the system’s workflow'’
e Proactive strategies to report and solve problems in HIT applications in primary care
e Achieving efficiencies in system use and evaluating the benefits
e Determining routing of patient requests to appropriate providers within an integrated

delivery system

o Developing and updating patient care guidelines for prevention, diagnosis, and treatment to
provide health care providers with essential information*®

e | eaders in primary provide consistent support and feedback

Technology e Robust, secure, and available HIT infrastructures
e Tools for patient-provider communication and consultation
e  Configuring the hardware and equipment to be conducive to performing manual tasks®®
associated with the process
o Feasible technologies to deliver benefits and support the health care delivery
e  Platforms for education and training®
e Combination of HIT and clinical operation
e Automatic quality control
e  Capacities of protecting health information security and confidentiality

Individual e Collaborative relationships among health care providers, primary care leaders, HIT
vendors?

Organizational participants for major change

Environment for improving leadership and quality improvement

Continuously monitor and address users' concerns

Enhancing participation and perceived ownership of the system

Dedicated IT staff, and respected clinical staff

Culture of investing in change management

Implementation strategies

Intervention Characteristics

Intervention Characteristics are key attributes of interventions that influence the success of implementation.??
Information technology management encompasses primary care, its infrastructure, strategies for use, and expected
outcomes. Implementation research in primary care requires the support and resources of the organization and
leadership. Most primary care systems have limited resources for QI. Resource allocation warrants close
examination to maximize the benefits of the delivery of safe, effective, efficient, and high-quality care. Factors
influencing organizational decisions surrounding implementation need to explore the characteristics of clinical
conditions, practices, and settings, outstanding gaps, expected costs and benefits. The implementation research
should be tailored to the needs of the organization. A balanced assessment of the effectiveness and costs of the
system is needed to make successful implementation efforts.

Inner Setting

The inner setting is an active interacting facet and not just as a backdrop in implementation. Most primary care
clinics are still at the stages ranging from considering adoption through early implementation. The lack of financial
support for widespread informatics applications is considered a primary barrier to its implementation by both
managers and clinicians.? The financial burden of implementation, including acquisition and implementation costs,
slow and uncertain financial payoffs, and disruption to clinical practices, is directly related to both the size of
primary care and its readiness for conversion.

Outer Setting

An effective implementation needs stakeholders outside of the organization, such as policymakers, state and
federal entities, and various participants (e.g., physicians, other providers, hospitals, payers, etc.).
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Characteristics of Individuals

Organizations, including primary care, are made up of individuals. This framework can facilitate the
understating of the interplay between individuals and their ripple effects through their teams, units, networks, and
organizations on implementation. Clinicians desire a system that allows them to review and act upon test results
safely and efficiently. Taking full advantage of informatics may require a team approach, where active involvement
of interdisciplinary groups of providers and users is important. HIT use may empower patients in their exchange
with providers and promotes the alignment of care between hospitals/clinics and patients' homes. Human factors
such as system usability, process complexity, and user-engagement methods routinely influence the
implementation.?

Process

A crucial first step for the organization in the implementation process is to assess both current informatics
capabilities and estimate future needs.?® Equally important is the assessment of readiness for major organizational
change, such as the ability to invest in change management and training, as well as the culture and processes needed
to support implementation.?® Informatics systems to be implemented need to align with processes within the primary
care to allow evolution and adaptation.?” On an individual level, the organization and its management need to
involve end users' input in improving their work practices. They also need to consider other factors, such as the
usability, usefulness, and flexibility of informatics tools and individualized training that will influence uptake. On a
system level, a supportive culture, visibility of positive results from IT use, and a realistic timeline will enhance
implementation.?

Outcomes

Outcomes include target clinical outcomes, health service outcomes, or indicators of implementation processes.
Among these, implementation outcomes are the effects of deliberate and purposive actions to implement new
treatments, practices, and services in primary care.?® The interrelated nature of implementation outcomes may
present as non-linear, complex, or dynamic sequences of adoption by a delivery agent. Outcomes earlier in the
sequence can be conceptualized as mediators and mechanisms of strategies on later implementation outcomes.
Specifying which strategies are theoretically intended to affect which outcomes, through which mechanisms of
action, is crucial for improving the reproducibility and generalizability of implementation research in primary care
and validating the results.

DISCUSSION

A number of exciting challenges face the rapidly developing field of health and biomedical informatics in
primary care. Integration of implementation science methodologies into primary care will speed the development of
evidence-based interventions that have demonstrable public health impacts. Testing and validating the theories that
underlie implementation efforts is needed to enhance the development of next-generation analytic methods and
interventions. This informatics-driven framework used systems thinking that allows us better understand how each
element in the system interacts and impacts each other, thus proposing intervention strategies accordingly.

The proposed informatics-driven implementation research framework provides a compact visual depiction of
implementation research studies. Its use in the planning, executing, reporting, and synthesizing of implementation
research could increase the rigor and transparency of complex studies that ultimately could improve
reproducibility—a challenge in the field—by offering a common structure to increase consistency and a method for
more clearly specifying links and pathways to test theories.® The proposed framework would be a useful and
generalizable guideline for future practice facilitation projects, QI initiatives, and health care intervention
implementation studies.

CONCLUSION

We designed and developed an informatics-driven implementation research framework to provide a coherent
rationale and justification of the complex interrelationships among features, strategies, and outcomes. The promise
of implementation science lies in the ability to conduct rigorous and reproducible research, to clearly understand the
findings, and to synthesize findings from which generalizable conclusions can be drawn and actionable
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recommendations for practice change emerge. The proposed framework is a principle-guided tool designed to
improve the specification, reproducibility, and testable causal pathways involved in implementation research
projects in primary care settings.
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