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Abstract \

The Centers for Disease Control and Prevention’s Adapting Clinical Guidelines for the Digital Age initiative aims to redesign
and improve guideline development, implementation, and standardization. Historically, aspects of guideline development
and implementation have been siloed. This leads to long lag times for guidelines to reach patient care, unnecessary
redundancy, and potential for misinterpretation, leading to inconsistencies in how the recommendations are applied. A
multidisciplinary, multiorganizational holistic approach brought together experts in guideline development, informatics,
communication, implementation, and evaluation to understand and identify problems in guideline development and
implementation, define an ideal state with no constraints, and then design a future state that advances the process
close to the ideal state. The Adapting Clinical Guidelines for the Digital Age workgroups each worked on one focus area
and included experts from the other areas to help analyze the current state and develop holistic solutions for the future
state. Each workgroup produced interrelated standards, processes, and tools that can be used across the continuum of

guideline development and implementation.
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Introduction The ACG initiative took a systems-thinking

In 2018, the Centers for Disease Control and
Prevention (CDC) began the Adapting Clinical
Guidelines for the Digital Age (ACG) initiative to
improve the process for developing and implement-
ing clinical practice guidelines (CPGs)."? The initia-
tive brought together experts in 5 focus
areas—guideline creation, informatics, communica-
tion, implementation, and evaluation—to understand
and identify opportunities for improving the guide-
line development and implementation process. This
overview provides background on the initiative, out-
comes, products, and future activities.
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approach to process improvement—a way of explor-
ing and developing effective action by looking at the
whole system rather than separate parts.> The pri-
mary objective was to identify problems and solu-
tions to reduce lag time between guideline
development and implementation*® without creating
new or additional problems. In the ACG initiative,
the system includes expertise, processes, and organi-
zations involved in the continuum of guideline devel-
opment and implementation. While other efforts have
focused on improving parts of the process, such as
guideline development or clinical workflow imple-
mentation,®” ACG provides a multidisciplinary, mul-
tiorganizational approach that includes the entire
system and applies the perspectives of guideline
development, informatics, implementation, commu-
nication and dissemination, and evaluation with rep-
resentation from multiple organizations (ie, a holistic
approach encompassing the entire system).

Background

Traditionally, the development of written guidelines and
digital tools and the implementation of guideline recom-
mendations into patient care have been planned sepa-
rately and completed sequentially.® Digital tools, such as
clinical decision support (CDS) and electronic clinical
quality measures (eCQMs), can help with implementing
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guidelines.” However, there are often barriers to integrat-
ing guidelines into digital systems, including a lack of
broadly implemented interoperability standards (eg, Fast
Healthcare Interoperability Resources [FHIR®]) that
would increase consistency across a variety of patient
care settings.!%1* As a result, the current state of guide-
line development and implementation includes many
disconnected systems and unnecessary redundancy, lead-
ing to inconsistent guideline interpretation and integra-
tion into patient care.'> A more effective approach would
consider systems as a whole across the entire guideline
development and implementation continuum.

Participants of the ACG initiative—described in
the Methods section—reviewed the entire guideline
system, from guideline development to evaluation, to
identify problems and solutions to improve guideline
adoption, taking into account existing standards and
practices for written guidelines.®!'® This holistic
review revealed challenges that often occur down-
stream in the guideline development and implementa-
tion process. For example, problems with developing
digital tools or applying recommendations to patient
care often stem from issues with how the guideline is
written. Guidelines may be vague in their wording if
the scientific evidence does not directly support the
recommendation. This vagueness makes it challeng-
ing to develop digital tools or insert clear recommen-
dations into workflows, creating the potential for
misinterpretation (ie, the vague wording is one root
cause of downstream implementation challenges).
Likewise, the sequential and siloed nature of the tra-
ditional development process creates unnecessary
redundancy and lag times in translating the evidence
into practice.*> There was also no international
health IT standard for computable guidelines—a rep-
resentation of written guideline recommendations in
computer-interpretable format—that provided a way
to develop multiple types of digital tools (eg, CDS,
eCQMs, and case reports) to support implementing
and using recommendations in practice.

To consider the entire system of guideline develop-
ment and implementation and to identify the most
difficult problems that limit how easily, quickly, accu-
rately, or consistently guidelines are adopted in
patient care, CDC and its partners applied an adapted
Kaizen method.'” Kaizen is a Japanese philosophy for
continuous improvement and is part of the Lean
methodology aimed at minimizing waste and increas-
ing productivity.'®!” The adapted Kaizen method is a
useful approach for improving guideline develop-
ment and implementation because it incorporates the
perspectives of multiple disciplines across multiple
organizations and focuses on complex processes with
broad impacts.'”

Methods

Applying the adapted Kaizen method,'” CDC held an
agency-wide, multidisciplinary planning session to
set the scope, map processes at a high level, and deter-
mine the types of expertise needed for a Kaizen event
focused on guideline development and implementa-
tion. A multidisciplinary group of partners was iden-
tified and included guideline authors, health IT
developers (including CDS and eCQM developers),
clinicians, patients and patient advocates, medical
societies, public health organizations, laboratory pro-
fessional groups, researchers, evaluators, standards
experts, payers, and policymakers (at various levels—
eg, national and organizational). In February 2018,
CDC convened the group for a 4.5-day Kaizen event
designed to map the current state of guideline devel-
opment and implementation, identify an ideal state,
and propose a future state in 5 key areas of focus:
guideline creation, informatics, communication,
implementation, and evaluation. After the event, §
workgroups continued working on these focus areas
to further develop the details and deliverables of the
proposed future state established during the Kaizen
event. The workgroups collectively determined that
solving the underlying problems identified in the cur-
rent state would require a redesign of the guideline
development and implementation process.

During the 4 years following the Kaizen event, and
ongoing for some workgroups, the detailed work
occurred during regular workgroup meetings, with
some of the work slowing or pausing during the
COVID-19 pandemic. Each workgroup determined a
method and products that best addressed their respec-
tive scope:

e The Guideline Creation Workgroup developed
a 12-phase integrated process and model for
codevelopment and implementation of written
and computable guidelines***! building on
international standards for guideline develop-
ment, including the Institute of Medicine’s
CPGs We Can Trust framework and Guidelines
International Network-McMaster
Development Checklist.®!¢ The integrated pro-
cess, informed by literature reviews and subject
matter expertise from all ACG workgroups,
aimed to resolve or mitigate issues during
guideline development, such as vague wording
in the written guideline, that impact translation
into computable guidelines and implementa-
tion in patient care. The integrated process
incorporates the products of the other ACG
workgroups, brings downstream perspectives
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(ie, informatics, implementation, communica-
tion, and evaluation) into guideline develop-
ment from the beginning, and includes an
evaluation phase to monitor guideline impact.
Suggested activities and resources support each
phase of the integrated process. The activities
were validated by experts in their respective
fields and through review of literature and
industry best practices.

e The Informatics Workgroup established an
approach and methodology for developing and
implementing computable guidelines based on
a health IT standard called FHIR®?? from the
international standards development organiza-
tion, Health Level Seven International
(HL7®).%* The Informatics Workgroup part-
nered with HL7® to develop, test, and vet a
computable guidelines standard: FHIR®
Clinical Guidelines Implementation Guide (IG).
More commonly known as CPG-on-FHIR®,**
this IG was balloted at HL7® in September
2019.% The balloting process vetted the stan-
dard in the Universal Realm, allowing the stan-
dard to be used internationally. The HL7®
balloting process included an open review and
comment period followed by reconciliation of
each comment and final approval by the spon-
soring HL7® workgroup.? The initial version
of the standard, called a Standard for Trial Use,
was published in February 2021.2 As more
guideline efforts use CPG-on-FHIR®, updates
continue to be made to the standard as it
matures. The next update will be balloted in the
September 2023 ballot cycle as part of the con-
tinuing maturation of the standard.

* The Communication Workgroup developed a
stakeholder analysis tool and communication
checklist based on the industry best practice
and incorporated its products in the integrated
process.?! Communication planning needed to
begin early in guideline development to assure
the target audience is prepared and ready to
implement the guideline. As part of communi-
cation planning, the stakeholder analysis tool
provides a way to determine who may help or
hinder the success of a guideline. The commu-
nication checklist specifies a standard operat-
ing procedure for effective communication and
dissemination.

* The Implementation Workgroup developed
checklists to help implement computable
guidelines.?” The checklists were based on
Boxwala et al’s levels of knowledge frame-
work,?® where L1 is the representation of

knowledge in a narrative format, L2 is in a
semistructured format, L3 is in a structured
format, and L4 is in an executable format.
Required steps were kept to a minimum to
increase flexibility while still indicating core
activities needed to create a successful repre-
sentation of the guideline recommendations at
each knowledge level. Since the Guideline
Creation workgroup’s integrated process
includes details on developing the written
guideline, the Implementation workgroup
chose not to develop an L1 checklist. These
checklists themselves use the FHIR® standard
so they are executable in a health IT system.

* The Evaluation Workgroup developed an eval-
uation framework and tool?*** to be used in
parallel with the integrated process to maxi-
mize the likelihood that desired outcomes are
achieved. The framework and tool were based
on the relevant evaluation models used in
guideline development, informatics, comput-
ing, and public health as well as subject matter
expertise. This framework provides a way to
assess the guideline development process, prod-
ucts, and outcomes in real-time so adjustments
can be made as needed and the impact of using
the integrated process can be assessed.

The work on the integrated process and evaluation
framework was finalized in 2022.The products from
each of the ACG workgroups are summarized below

and described fully in separate
publications. 202124272930

Results

Participants in CDC’s Kaizen event determined that
the current state of guideline development and imple-
mentation is sequential and siloed, and the written
guidelines, CDS, CQMs, and other digital tools are
developed separately (left side of Figure). This devel-
opment approach is composed of sequential steps
that build on each other, creating opportunity for
misinterpretation in each step analogous to the tele-
phone game. This unnecessary redundancy includes
the potential for hundreds of translations of written
guidelines into CDS (represented by the first arrow in
Figure), based on the estimated number of electronic
health record (EHR) vendors in the United States
(over 500).3! This estimate would be much higher if
third party health IT developers were included.
Furthermore, based on the number of hospitals (over
6000)*? and ambulatory practices (over 136 000)3 in
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Figure. ACG Kaizen event outcome: high-level current state and proposed future state for guideline development and
implementation. Adapted from CPG-on-FHIR® v1.0.0 figure 1.4.2* Abbreviations: ACG, Adapting Clinical Guidelines for the Digital
Age; CPG, Clinical Practice Guidelines; FHIR®, Fast Healthcare Interoperability Resources.

the United States, thousands more translations could
take place with the integration of CDS into patient
care workflows (represented by the second arrow in
Figure). Thus, each layer of translation that occurs
exponentially increases redundancy and decreases the
likelihood of applying the guideline recommenda-
tions as intended. Also, the development and imple-
mentation of CQMs are generally treated separately
from patient care, limiting their use in evaluation of
guideline uptake and health outcomes. Evaluation
and feedback loops, especially back to the guideline
developers, may be inconsistent or nonexistent.

In the proposed future state (right side of Figure),
all perspectives are represented from the outset,
working together using an iterative approach to pro-
duce a package of products that includes the written
and computable guidelines, CDS, CQMs, and poten-
tially other derivatives (digital tools) that can help
apply the guidelines in patient care. Feedback loops
are more consistent and iterative, providing opportu-
nity to monitor the guidelines in practice (process)
and to evaluate the guideline quality (product) and its
impact (outcomes).

As the scientific evidence indicates that updates or
new guidelines are needed, modular updates can be
made to the written and computable guidelines and
the derivatives that support guideline implementation.
While this approach does not remove the potential for
mistranslations into patient care, it may reduce inter-
pretive errors regarding the intent of the guideline
developers. By using a holistic approach from the
beginning, challenges that have historically been iden-
tified downstream may be avoided or mitigated. This

may decrease the lag time for guideline uptake and
increase the likelihood of successful implementation
of the recommendations into patient care.

Each of the 5 ACG initiative workgroups produced
deliverables to support the proposed future state.
Together, these products provide standards, pro-
cesses, and tools that can help codevelop and evaluate
written and computable guidelines, standardize
knowledge representation for computable guideline
recommendations, and provide checklists to help
ensure completeness. Each workgroup’s products are
described below with references to the more detailed
publications summarized in Table.

The Guideline Creation Workgroup modeled a
12-phase integrated process?>?! that reengineers guide-
line development to be iterative and cyclical, with con-
current development of the written and computable
guidelines accelerating implementation into clinical
practice using CDS systems and related tools. Phases 0
to 3 are preparatory and establish the operational
framework and governance processes, the guideline
topic, key development groups, collaboration plat-
forms, and tooling and develop communication and
evaluation plans early so they are ready when the
guideline is published. Phases 4 to 7 determine the
guideline scope and concurrently draft the written and
computable guideline products, with early implemen-
tation of guideline components providing opportunity
for feedback to adjust the guidelines for maximum
effectiveness before they are released. Phases 8 to 9 vet
the written guideline products through public and
expert opinion, validate the computable guideline
products, and then finalize the documentation and
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Table. ACG Workgroup Products and Publications,?0:21:242729.30

Workgroup Product(s)

Publication

Guideline Creation Integrated process model for iterative codevelopment of written and Matson-Koffman DM, Robinson SJ, Jakhmola P, et al. An Inte-

computable guidelines, early integration of implementation and
testing, communication and dissemination strategies, and evalua-

tion; and Guideline Development Decision Tool

Informatics
Clinical Guidelines |G (aka CPG-on-FHIR®)
Implementation

the CPG-on-FHIR® methodology
Communication

Evaluation

outcome

International technical standard for computable guidelines: FHIR®

Communication and dissemination aspects of the integrated
process model and templates for Stakeholder Communication
Analysis and Communication Standard Operating Procedures: A
Checklist for Effective Communication and Dissemination

Evaluation framework and tool to evaluate the integrated process
across each of its 12 phases in terms of process, product, and

grated Process for Co-Developing and Implementing Written

and Computable Clinical Practice Guidelines. Am J Med Qual.

2023;38(S2):512-S34. DOI: 10.1097/JMQ.0000000000000137.

https://journals.lww.com/10.1097/JMQ.0000000000000137
*Appendix A Integrated Process Tables

(https://stacks.cdc.gov/view/cdc/131006)
http://hl7.org/fhir/uv/cpg/index.html

Detailed checklists to facilitate the development and implementation http://hl7.org/fhir/uv/cpg/methodology.html#validate-checklists
of knowledge levels L2, L3, and L4, which became part of

Supplementary tables. An Integrated Process for
Co-Developing and Implementing Written and Computable
Clinical Practice Guidelines. Centers for Disease
Control and Prevention. Accessed August 9, 2023.
https://journals.lww.com/10.1097/JMQ.0000000000000137
*Appendix B Stakeholder Communication Analysis
(https://stacks.cdc.gov/view/cdc/131006)
*Appendix C Checklist for Effective Communication and Dissemina-
tion (https://stacks.cdc.gov/view/cdc/131006)
Tailor A, Robinson SJ, Matson-Koffman DM, et al. An
Evaluation Framework for a Novel Process to Codevelop
Written and Computable Guidelines. Am J Med Qual.
2023;38(S2):535-S45. DOI: 10.1097/JMQ.0000000000000140.
https://journals.lww.com/10.1097/JMQ.0000000000000140
Evaluation Tool https://stacks.cdc.gov/view/cdc/131007

Abbreviations: ACG, Adapting Clinical Guidelines for the Digital Age; CDC, Centers for Disease Control and Prevention; CPG, Clinical Practice Guidelines;

FHIR®, Fast Healthcare Interoperability Resources.

derivatives (digital tools) to support implementing the
recommendations in patient care. Phases 10 to 12 pro-
vide key activities for implementing and monitoring
the guideline products at the local level and updating
the recommendation(s) when indicated by the evi-
dence. Suggested activities and resources for each
phase are detailed in referenced tables. Products from
the other 4 workgroups, including the CPG-on-FHIR®
standard, are incorporated throughout the 12 phases.
Examples illustrate each level of knowledge (ie, L1, 12,
L3, and L4) along with a real-world case example for
COVID-19, showing how the integrated process was
applied and how it shortened the development and
implementation timeframe.

The Informatics Workgroup developed a FHIR®-
based technical standard for computable guidelines
known as CPG-on-FHIR®.?* A foundational tenet of
the approach described in CPG-on-FHIR® is the con-
cept of one faithful representation of the written guide-
line in computable format (ie, the computable
guideline) with many ways to implement it. This mini-
mizes the effort required to translate the written guide-
line into computable form while increasing the ways
the computable content can be reconfigured into dif-
ferent types of digital tools (ie, guideline derivatives) to
maximize flexibility and minimize burden in imple-
mentation.>* CPG-on-FHIR® includes an approach
for multidisciplinary collaboration across the lifecycle
of guideline-directed care and related activities, a

methodology for representing a guideline in different
formats (ie, narrative, semistructured, structured, and
executable—or L1,L2,1L3, and L4), profiles and termi-
nology that include definitions and documentation of
how concepts are represented, computable guideline
examples, and more. A COVID-19 example is included
as a CPG methodology case study, presenting an agile
and integrated cross-functional approach.?

The  Communication and  Dissemination
Workgroup incorporated various tools and templates
into the integrated process, including the Stakeholder
Communication Analysis and Communication
Standard Operating Procedures: A Checklist for
Effective Communication and Dissemination.?! They
also identified ways to disseminate written and com-
putable guidelines. Incorporating the communication
perspective at the earliest phases (ie, 0 and 1) of the
integrated process was key, beginning with the devel-
opment of a communication plan that outlines the
audience, strategy, and tactics for a guideline develop-
ment and implementation.

The Implementation Workgroup developed detailed
checklists to facilitate representing guidelines in differ-
ent knowledge formats. These checklists became part
of CPG-on-FHIR®’s methodology.?” The L2 Checklist
ensures that informaticists and knowledge engineers
have what they need from L1 content in order to suc-
cessfully produce L3 content, represented in a semis-
tructured format such as decision trees or flow charts.
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The L3 Checklist ensures that L3 structured content
meets the requirements for implementers to have what
they need in order to successfully implement comput-
able content in a specific setting, such as an outpatient
primary care clinic or hospital ward. The L4 Checklist
supports the process of implementing in a specific set-
ting, helping to ensure successful and faithful imple-
mentation of guideline content in executable format
within the EHR or through external services that inte-
grate with the EHR.*® Future versions of CPG-on-
FHIR® may include revisions to these checklists, such
as adding an L1 checklist, as more groups use them in
their guideline projects.

The Evaluation Workgroup produced an evalua-
tion framework and tool to be used in parallel with
the integrated process during each of its 12 phases.?*»3°
The evaluation assesses the process, products, and
outcomes for a guideline. For processes, the evalua-
tion is intended to assure steps are carried out as
intended. Product evaluation assesses the quality,
usability, and user acceptance of the written and com-
putable guideline. Outcomes are evaluated to deter-
mine the extent to which the guideline is achieving its
intent. For example, to evaluate the process of draft-
ing the scope of the guideline, the tool assesses to
what extent the multidisciplinary team engaged in
codeveloping the narrative and computable guide-
lines. To evaluate outcome, an example includes
determining to what extent the target audience is
using the guideline for patient management.

Discussion

A systems-thinking approach,® together with the
adapted Kaizen method,!” incorporated the perspec-
tives of many partners and considered many possible
solutions to improve the process of CPG develop-
ment and implementation. For example, the clarity of
the wording in the recommendations impacts transla-
tion into digital tools and implementation into clini-
cal workflows. Therefore, developing computable
guidelines and considering their implementation into
clinical workflows while the written guideline is
being developed could improve its clarity and adop-
tion in patient care.

The products of the ACG initiative are comple-
mentary and interrelated. While the ACG products
are meant to be used together, the product of the
workgroup most aligned with one’s perspective or
expertise would be the best one to begin with. For
example, a guideline developer would begin with
the integrated process (ie, the Guideline Creation
Workgroup’s product) while an informatics expert
would begin with the CPG-on-FHIR® IG (ie, the

Informatics Workgroup’s product). The Guideline
Creation Workgroup’s integrated process model2%-?!
provides a comprehensive method and can be tai-
lored based on the needs, resources, and available
expertise. However, without a standardized,
interoperable, scalable way to faithfully represent
guideline recommendations in computable form,
codeveloping, disseminating, and implementing a
computable guideline—a key feature of the inte-
grated process—would not be possible. The techni-
cal health IT standard (CPG-on-FHIR®),>* the
primary product of the Informatics and
Implementation Workgroups, provides a standard-
ized, interoperable way to faithfully represent
guideline recommendations and similar types of
knowledge in computable form and checklists for
how to create each level of knowledge. The
Communication Workgroup’s tools and inputs in
the integrated process incorporate communications
planning from the beginning.?! To measure whether
these processes and standards are achieving their
aims, the Evaluation Workgroup developed an eval-
uation framework and tool to assess the integrated
process, products, and outcomes of a specific guide-
line development and implementation effort.?*3

Inarelated effort,the World Health Organization
(WHO) also set out to develop a new approach to
help member nations apply recommendations in
practice, an effort called Standards-based,
Machine-readable, Adaptive, Requirements-based,
and Testable (SMART) Guidelines.?®3” WHO
began by making a specific guideline (antenatal
care)’® computable and planned to expand their
approach to other guidelines. This is the converse
of the CDC-led approach of reviewing and improv-
ing the entire system of guideline development and
implementation and then applying the improved
approach to specific guidelines. CDC and WHO
have leveraged each other’s work to help achieve
the same goals. The WHO’s SMART Guidelines
initiative began using and contributing to CPG-
on-FHIR® and plans to incorporate elements of
the integrated process and evaluation framework.
CDC’s ACG initiative added WHO’s Antenatal
Care Guidelines example into CPG-on-FHIR®
and learned from their experience in developing
computable guidelines.

The various products of the ACG initiative are
meant to be used in combination to support a rede-
signed and integrated process for codevelopment of
written and computable guidelines using interna-
tional health IT standards to promote interoperabil-
ity. Realizing this approach, however, remains a
challenge. The coordination of many partners within
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guideline development and implementation efforts
can be difficult. Some guideline recommendations
may not be suitable for computable translation. The
adoption of health IT standards necessary to support
computable guidelines is fragmented and incom-
plete.>*° In the United States, the Cures Act Final
Rule*’ and Interim Final Rule,* regulatory policies
from the Office of the National Coordinator for
Health IT, include several interoperability require-
ments to improve robust use of FHIR®. In addition
to procedural and technical challenges, some organi-
zations are not culturally ready or do not have the
resources or technical expertise needed to achieve the
proposed future state.

While some projects have begun applying this new
approach to guideline development and implementa-
tion,'” more are needed to determine how well the
integrated process and computable guideline stan-
dards work, what needs to be improved, and the
impact of the approach on the ease, speed, accuracy,
and consistency of guideline development and imple-
mentation. An economic impact analysis would help
determine the effect of this new approach on the
overall health care system.

The ACG approach allows for modular updates to
guideline recommendations and could also work well
for living guidelines, defined as an optimization of
the standard guideline process, as it allows updating
of individual recommendations as soon as new rele-
vant evidence becomes available.*! Applying a frame-
work for living guidelines** while implementing the
computable CPG recommendations would be impor-
tant to evaluate.?

Conclusion

The ACG initiative’s holistic approach and engage-
ment with a multidisciplinary, multiorganizational
group of partners has resulted in a set of innovative
products for improved guideline development and
implementation that redesign the process, establish
health IT standards, provide more comprehensive
communication and dissemination planning, and
offer an evaluation framework. While the new
approach still has some challenges and limitations, it
offers a systems-thinking solution for a complex pro-
cess with many components. The products of the
ACG initiative need to be applied to more guideline
development and implementation efforts so that they
can be further tested and continuously improved. The
ultimate goal is a seamless, quick, accurate, and con-
sistent translation and adoption of evidence-based
guidelines into patient care.
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