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Adapting Clinical Guidelines for the Digital Age

An Integrated Process for Co-Developing 
and Implementing Written and Computable 
Clinical Practice Guidelines
Dyann M. Matson-Koffman, DrPH, MPH, CHES1, Susan J. Robinson, MS-HCI, PhD1, 
Priya Jakhmola, MBA, MS1, Laura J. Fochtmann, MD, MBI2, DuWayne Willett, MD3, 
Ira M. Lubin, PhD1, Matthew M. Burton, MD4, Amrita Tailor, MPH1, Dana L. Pitts, MA1, 
Donald E. Casey Jr, MD, MPH, MBA5, Frank G. Opelka, MD, FACS6, Ryan Mullins, MD7, 
Randy Elder, MEd, PhD1, and Maria Michaels, MBA1

Abstract
The goal of this article is to describe an integrated parallel process for the co-development of written and computable 
clinical practice guidelines (CPGs) to accelerate adoption and increase the impact of guideline recommendations in 
clinical practice. From February 2018 through December 2021, interdisciplinary work groups were formed after an initial 
Kaizen event and using expert consensus and available literature, produced a 12-phase integrated process (IP). The IP 
includes activities, resources, and iterative feedback loops for developing, implementing, disseminating, communicating, 
and evaluating CPGs. The IP incorporates guideline standards and informatics practices and clarifies how informaticians, 
implementers, health communicators, evaluators, and clinicians can help guideline developers throughout the development 
and implementation cycle to effectively co-develop written and computable guidelines. More efficient processes are 
essential to create actionable CPGs, disseminate and communicate recommendations to clinical end users, and evaluate 
CPG performance. Pilot testing is underway to determine how this IP expedites the implementation of CPGs into clinical 
practice and improves guideline uptake and health outcomes.

Keywords
computable, clinical practice guidelines, clinical decision support, development, implementation, communication, 
evaluation. A glossary of terms used in this article are located at https://ecqi.healthit.gov/glossary.

Introduction

The Problem

With the exponential growth of medical science, the 
volume of important information to incorporate into 
daily clinical practice often overloads clinicians.1 
Clinical practice guidelines (CPGs) contain systemati-
cally developed sets of related recommendations 
designed to assist practitioner and patient decisions 
about appropriate health care for specific clinical cir-
cumstances.2 CPGs aim to provide criteria and guide 
decisions regarding prevention, diagnosis, manage-
ment, and treatment in specific areas of health care. 
However, because CPGs are typically in a written for-
mat (eg, narrative or textual documents in paper-based 
or web-based publications), these may not be easily 
incorporated into clinician workflows at the point of 
care.3 CPGs are often lengthy and not easy to access 
and use in clinical settings.4 Written CPGs alone are 
inefficient for clinicians to quickly apply in patient 
care. There are many other such barriers to the adop-
tion of CPGs, such as a lack of awareness about the 
CPG and its evidence, the inability to overcome the 
inertia of previous practice, and the lack of technology 
to integrate CPGs into standard care practice.5–9
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6American College of Surgeons
7Cerner Corporation
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Computable CPGs and Clinical 
Decision Support in Health Care

Evidence-based CPGs in a machine-interpretable 
format and readily and digitally available in elec-
tronic health record (EHR) workflows can overcome 
some of the limitations of written guidelines. 
Organizations have translated written guidelines 
into machine-readable formats known as computer-
interpretable guidelines,10 which the authors term 
computable CPGs. Computable CPGs can increase 
the ease, speed, accuracy, and consistency of their 
transfer into health information technologies to 
enable clinical decision support (CDS), electronic 
clinical quality measures (eCQM), and electronic 
case reporting (eCR) or eCase reports reported to 
registries. Representative open-source computable 
CPGs are available for multiple subjects, including 
opioid prescribing, asthma, diabetes, and antenatal 
care.11,12 Health information technologies (HIT) 
include information resources and systems connected 
via networks at local, regional (eg, state or province), 
national, and international levels. CDS is health 
information technology that builds upon the founda-
tion of an EHR to give general and patient-specific 
information to health workers to improve care.13 For 
this article, CDS primarily refers to point of care sys-
tems that give clinicians or patients clinical knowl-
edge and patient-related information that is presented 
at appropriate times to enhance patient care.14 CDS 
systems typically include computerized alerts and 
reminders, excerpts from clinical pathways, condi-
tion-specific order sets, focused patient data reports 
and summaries, documentation templates, and diag-
nostic support.15 Using CDS to deliver CPG recom-
mendations within the clinical workflow has been 
identified as an important strategy to increase the 
use of guidelines, help providers make informed 
decisions at the point of care, and to improve care 
processes.10,16

CDS tools can improve guideline adherence and 
promote recommended preventive care, particu-
larly if CDS is integrated into clinical workflows 
and information is available in real-time.17,18 A 
review of 22 studies suggests that using clinical 
dashboards or CDS systems that give clinicians 
immediate access to patient information can make 
processes more efficient and improve patient 
outcomes.19

Although there is sparse literature on the effects 
of CDS on health and economic outcomes, perhaps the 
most promising is the use of CDS related to medica-
tion management. When applied at the time of medica-
tion ordering or dispensing, CDS can increase the 

prescribing of appropriate medications and dosages20 
and effectively decrease antibiotic use.21,22A review 
also showed that the transition from paper-based 
ordering to commercial computerized provider order 
entry systems in intensive care units was associated 
with a significant reduction in medication errors and 
mortality.23 A 2021 systematic review report from The 
Community Preventive Services Task Force showed 
that the use of CDS systems increases HIV screening 
based on strong evidence of effectiveness for the gen-
eral population and for people at high risk for HIV 
infection.24,25 Research has indicated that poorly 
designed CDS, resulting in alert fatigue, can lead to 
medical errors.26 Overall, CDS systems have been 
shown to improve health care process measures related 
to decision-making, diagnostic accuracy, and reducing 
unnecessary testing across diverse settings.18 
Furthermore, the integration of computable CPGs into 
clinical workflows via CDS requires additional evalua-
tion to assure that patient care and health outcomes 
will be improved.27,28

For CPGs to be effective in guiding providers’ 
actions at the point of care, guidelines need to be cre-
ated in a way that reinforces their intended purpose 
and use through HIT. In the field of informatics, 
Boxwala proposed 4 levels of knowledge: L1 (level 1) 
represents the “narrative or written” guidelines for a 
specific disease or condition. L2 represents a “semi-
structured” version that is human-readable, often 
using flow diagrams or decision trees to describe the 
recommendations. L3 is a “structured and computer-
readable (computable)” guideline recommendation or 
artifact that contains encoding logic, terminology, and 
data elements. L4 is the “executable” guideline recom-
mendation used in a local environment that can be 
made available natively in the EHR, through web ser-
vices, or via apps (eg, Substitutable Medical 
Applications and Reusable Technologies [SMART]-on- 
Fast Healthcare Interoperability Resources [FHIR®]). 
Knowledge levels.29

1. Narrative text created by a guideline or CQM 
developer.

2. Semi-structured text that describes the recom-
mendations for implementation in CDS.

3. Structured code that is interpretable by a com-
puter (includes data elements, value sets, and 
logic).

4. Executable code that is interpretable by a CDS 
system at a local level. This will vary for each 
site.

To improve adoption and adherence to guidelines 
in clinical settings, the Centers for Disease Control 
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and Prevention (CDC) facilitated an initiative to 
reengineer the development and implementation of 
CPGs using HIT. CDC plays an important role in 
public health by working with many other agencies 
to develop evidence-based guidelines to improve 
health and prevent and control emerging diseases, 
such as Coronavirus Disease of 2019 (COVID-19). 
The purpose of this article is to describe the process 
and one of the main products of this initiative. It 
resulted in a new 12-phase integrated process (IP) to 
co-develop, translate, and implement written and 
computable CPGs with the objective of increasing 
efficiencies (eg, time and effort needed to develop 
both written and computable guidelines and time to 
implement guideline uptake), increasing effectiveness 
(eg, clinician and patient adherence to guideline rec-
ommendations), and improving health outcomes. 
Core features of this IP include co-development and 
multidisciplinary collaboration throughout the 12 
phases, which means that the guideline developers, 
informaticians, and implementers develop the written 
and computable CPGs in parallel through an iterative 
process rather than sequentially. Communications 
and evaluation activities are interwoven throughout 
the process. The activities in the IP tables are not pre-
scriptive requirements. Instead, they provide infor-
mation and options for decision-makers and 
stakeholders to consider and choose for their organi-
zations and context. For example, federal guideline 
developers must comply with the Federal Advisory 
Committee Act when producing guidelines, such as 
those produced by the CDC.

Methods

In February 2018, the CDC convened a 4.5-day meet-
ing to discuss the clinical and public health challenge 
of the timely creation and adoption of CPGs that 
began the CDC-sponsored initiative Adapting Clinical 
Guidelines for the Digital Age. Over 100 experts 
across the continuum of guideline development and 
implementation participated in this Kaizen event. 
Participants included CPG developers, informaticians, 
clinicians, implementers, HIT developers, communica-
tors, evaluators, and other public health professionals. 
The goal of this initial event was to identify problem 
areas in guideline development and implementation 
and to propose redesigned processes to maximize its 
value to the ultimate customers, namely, health care 
providers and patients. The meeting organizers 
employed management techniques, such as brain-
storming and value-stream mapping, to generate ideas 
and come up with creative solutions to problems. The 
latter is a lean manufacturing technique that helps 

identify bottlenecks, waste, and value-added steps 
within a flow of material and information—in this 
case, a clinical guideline. Participants with different 
areas of expertise were divided into 5 “value streams” 
or workgroups, charged with the following tasks:

1.  Guideline creation—identify ways to improve 
developing and evaluating an evidence-based 
CPG,

2.  Informatics—contribute to developing an 
international standard for building a comput-
able CPG,

3.  Translation and implementation—identify 
ways to improve processes for applying CPGs 
in local clinical settings,

4.  Communication—develop a model communi-
cation plan to distribute CPGs, and

5.  Evaluation—examine ways to evaluate this 
proposed new process.

Participants mapped the present or “current state” 
of the guideline development and implementation 
process across each of these 5 areas and identified 
related challenges (eg, long lag times for translating 
and implementing CPGs into patient care and lack of 
adherence to CPGs). Participants also noted that 
computable guidelines are typically developed in a 
linear or sequential fashion after the written guideline 
is published in a journal or on the web, which adds to 
the lag. In addition, participants were concerned that 
the promotion of the guideline and plans to evaluate 
the guideline’s use and impact are typically not given 
sufficient attention. The guideline development 
authority has the responsibility for studying the avail-
able evidence on a clinical topic and developing and 
publishing the guideline document. There may be lit-
tle opportunity for guideline developers to monitor 
the testing or use of the CPG in practice and provide 
feedback for guideline improvements. Furthermore, 
the time spent developing the written recommenda-
tions could also be used for parallel work on the com-
putable CPG and planning other downstream 
activities such as communication, implementation, 
and evaluation. The 5 workgroups then identified 
areas in the “current state” that could be improved 
and mapped ways to redesign the process to develop 
and apply guidelines into patient care more easily, 
quickly, accurately, and consistently.30 The groups 
also reviewed CDS tools, HIT, and industry standards 
that are currently available to augment patient care 
and clinical knowledge, such as CDS Hooks, SMART, 
Health Level Seven International (HL7®) Fast 
Healthcare Interoperability Resources (FHIR®), 
Clinical Quality Language (CQL), Business Process 
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Management for Healthcare (BPM+ Health),31 and 
the use of Application Program Interfaces. The work-
groups proposed a new model for concurrently devel-
oping written and computable CPGs. Rather than a 
linear waterfall approach, this proposed new or 
“future state” model integrates the work of informat-
ics, communication, implementation, and evaluation 
into the guideline development process.

Following this initial meeting, 3 years of work 
began to further develop the ideas produced during 
the Kaizen event. From 2018 through 2021, using 
expert consensus and available literature, the 
Guideline Creation Workgroup worked concurrently 
with members of the other workgroups to produce a 
model that built upon international standards as the 
foundation for guideline development.2,32,33 This 
model diagram (Figure 1) and the corresponding 12 
phases of activities allow clinicians and other 

multidisciplinary subject matter experts (SMEs), 
including guideline developers, informaticians, imple-
menters, health communicators, and evaluators, to 
collaboratively develop guidelines. The Guideline 
Creation Workgroup integrated activities and prod-
ucts produced by the other 4 workgroups to refine 
the process for developing and implementing com-
putable CPGs. This IP includes 12 tables with activi-
ties for guideline development, informatics, 
implementation, communication, and evaluation, 
with iterative feedback loops throughout the process. 
(https://stacks.cdc.gov/view/cdc/131006)

Results

Overview of the IP

Through interdisciplinary collaboration, the 
Guideline Creation Workgroup produced a 12-phase 

Figure 1. Overview of Integrated Process for Developing Written and Computable Guidelines. Red italicized font represents 
informatic activities. Can be at local levels (eg, a single hospital system), regional level (eg, a large group practice in a particular 
state), or beyond (using shared resources, such as a computable guideline’s repository). COMM, communication; Dev Topic, 
development; EVAL, evaluation; INFO, informatics; IMPL *, implementation*; SME, subject matter expert; Subj, subject.

D
ow

nloaded from
 http://journals.lw

w
.com

/ajm
qonline by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/14/2023

https://stacks.cdc.gov/view/cdc/131006


 American Journal of Medical Quality 38(5S)S16

IP for developing clinical guidelines in written and 
computable forms (Figure 1). This IP outlines phases 
and activities to reengineer the guideline development 
process so the computable guideline is developed at 
the same time as the written guideline, to speed up 
their implementation into clinical practice using CDS 
systems and related tools, for example, eCQMs, and 
eCase reports. The IP also includes early development 
of communication and evaluation plans so they are 
ready to launch at the time the guideline is published. 
In each of the 12 phases, specific activities take place 
for each team, some separately and others together.

As shown in Figure 1, the IP for guideline produc-
tion integrates the activities of 5 disciplinary teams 
that include experts in guideline development and the 
guideline topic, informatics, implementation, commu-
nication, and evaluation. The guideline steering or 
oversight committee orchestrates the work across the 
teams. The collaborative work between the guideline 
development, informatics, and implementation teams 
forms the core of the IP, as noted in the titles for each 
of the 12 phases. For example, the key guideline devel-
opment activity in phase 1 is to “Define the clinical 
problem/need and conduct guideline topic selection,” 
whereas the key informatics/implementation activity is 
to “Assess the clinical need for computable CPG and 
additional products” (shown in red italics). Key activi-
ties for communication and evaluation are shown on 
the right side of the diagram. These activities occur less 
frequently but provide critical input to the guideline 
developers, informaticians, and implementers through-
out the IP.

Figure  1 does not fully represent the “iterative” 
nature of collaborative activities among the 5 teams. 
The work of each team and how these teams perform 
their work in collaboration will be clarified in the fol-
lowing sections. As with all scientific work of high 
caliber, the exchange of disciplinary perspectives 
among teams enriches the quality of the products. 
Guideline developers do not need to follow all steps 
but can tailor this guidance to their needs and to the 
context in which they are producing guidelines and 
implementing key parts of the IP that are feasible. 
Variation in context can include issues such as the 
scientific domain and scope of the guideline, the 
urgency of its production, the disciplinary approaches 
of the experts involved, the amount of evidence to 
review, the resources available, and end-user accep-
tance. The objective of this future state IP is to pro-
duce a computable guideline and a written guideline 
simultaneously to improve the fidelity to the guide-
line’s intent, reduce the variability of guideline prod-
ucts, including the computable guideline, and, as a 
result, speed up their implementation into practice. 

The evaluation section and phase 11 in this article 
provide detail about assessing these benefits.

Guideline Development

Guideline development activities are aimed at synthe-
sizing evidence in a transparent and rigorous fashion 
to inform the writing of clear and actionable guide-
line recommendations to improve the quality of care 
and health outcomes. The IP (Figure 1) provides an 
overview of parallel activities needed to develop writ-
ten and computable CPGs with the goal of improving 
clinician behavior through CDS systems at the point 
of care. After setting up the operational framework 
during the pre-guideline preparation (phase 0), the 
formal guideline development process involves 12 
phases of activities, as shown in Figure 1. Best prac-
tices for systematic reviews to support guideline cre-
ation2,34,35 and for CPG development33 have been 
outlined and are incorporated throughout the tables 
of phases and activities.

Informatics

Informatics activities use standards-based comput-
able languages, models, and terminology systems to 
represent and interpret guidelines that are later auto-
mated in clinical domains.36,37 Clinical aspects to be 
modeled include explicit definitions for domain con-
cepts and domain-specific inferences, decision and 
orchestration logic, and high-level clinical work-
flows.10,38 These work products are then applied to 
clinical data (eg, the patient’s context) to achieve the 
desired intent and outcomes of the guideline and its 
recommendations.

During the IP, informatics experts transform the 
written guideline into computable expressions and 
representations (artifacts) that can be faithfully inter-
preted by computers to process patient data from 
clinical information systems.39,40 The informatics 
team should include experienced clinicians and 
informaticians with expertise in knowledge engi-
neering, terminologies, cognitive informatics, and 
clinical workflow analysis and who are trained in the 
principles, methods, and tools of information science 
with specific expertise in solving health care prob-
lems.41–43 Key informatics activities in the IP include 
assessing the need for a computable guideline (phase 
1), developing the computable artifacts (phases 4–7), 
validating and translating computable artifacts into 
derivative products (phase 8), and applying the com-
putable guideline in clinical settings (phases 9–11).

Developing the computable expression of the CPG 
uses the framework of the knowledge engineering 
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lifecycle.10,44–46 This lifecycle includes knowledge 
acquisition, translation and representation, execution 
and validation, delivery, and continuous improve-
ments.39 In the IP, much of this work is focused on the 
earlier phases of this lifecycle to capture and explic-
itly express the guideline’s concepts and possible rec-
ommendations. The translation is the process of 
faithfully and pragmatically conveying this under-
standing into formal, explicit expressions and repre-
sentations that a computer can use to reason over 
clinical data to achieve the intent of the guideline rec-
ommendations.47 The informatics team works in 
close collaboration with clinical domain experts to 
translate the resulting computable CPG into deriva-
tive forms that support improved health outcomes, 
such as CDS, performance and quality measures (eg, 
eCQMs), eCase reports (eg, for registries), and other 
products to enable practice insights.48 The comput-
able CPG and its derivatives, executed in clinical 
information systems, can help enable learning within 
and across provider organizations.49 Once the guide-
line has been released, informatics work is centered 
on guideline implementation (phase 10), with a focus 
on setting-specific factors and clinical workflows.49 
In these phases, applied clinical informaticians play a 
critical role in assessing, enabling, and optimizing 
clinical operations and outcomes, including activities 
related to clinical workflow, practice management, 
and clinical information systems (eg, CDS).

Health Communication and 
Dissemination

An effective plan to communicate and disseminate 
guidelines is essential to their effective implementation. 
However, communication and dissemination efforts 
have not been well studied to improve the adoption of 
guidelines.50,51 Communication strategy and tactics 
are found throughout the IP’s 12 phases, combining 
the use of traditional channels (eg, articles, profes-
sional presentations, issue briefs, white papers, televi-
sion, radio, and social media platforms) to share the 
guidelines with their intended audience and encourage 
their use. Effective communication relies on a carefully 
designed health communication plan that starts at the 
beginning of the IP and can be adjusted as needed. The 
CDC and the Agency for Healthcare Research and 
Quality (AHRQ) offer communication strategies to 
facilitate the use of health guidance.

In phases 0 and 1, guideline developers consult with 
communication experts (particularly if the proposed 
guidelines are controversial or urgent) to manage issues 
and estimate the resources needed for communication 
strategies, tactics, activities, and products for 

engagement. A guideline could be controversial due to 
several common issues: the guideline contradicts a com-
mon practice, the committee did not include specific 
experts, members could profit from the recommenda-
tions, or the recommendations may not have strong evi-
dence. A communication workgroup should be formed 
to assess audiences’ communication needs, discuss the 
science of the guidelines, the products needed, and 
obtain agreement on external communication stan-
dards, protocols, and approvals. The audience needs 
can be defined through collaboration among authors, 
partners, stakeholders, and the media. Communicators 
can also connect with informatics experts to discuss 
newer informatics-driven and technical information 
approaches, including ways to share informatics prod-
ucts. As early as phase 2, communicators should col-
laborate with guideline developers and other partners to 
draft a communication plan with questions to consider 
and an estimated timeline of activities to do before, dur-
ing, and after the release of the guideline. Plain language 
and person-centered communication products should 
be developed in tandem with more technical guidelines.

The draft communication plan can be reassessed 
in phase 4 when the guideline scope is established. 
When the guideline manuscript is being written in 
phase 7, the communication team needs to ensure 
that all relevant parties agree with the communica-
tion plan, update the plan as needed, and develop the 
communication products. During phase 8, when the 
guideline is reviewed, the communication team 
focuses on approvals for communication products, 
including social media messages, to make products 
accessible. They assess media interest and conduct an 
environmental scan of potentially controversial or 
confusing issues before the guidelines are released. In 
phase 9, the communication team prepares dissemi-
nation approaches, platforms, and content for use, 
and coordinates with publishers, the partners’ com-
munication team, and guideline spokespeople. 
Communication products are launched at the time of 
guideline publication, and when the computable 
guideline and its associated artifacts are published 
and disseminated. Success is measured through online 
tracking mechanisms, such as website visits and 
downloads, social media metrics, citation counts, and 
other means to determine the success of the guide-
line’s reach with the intended audience.

Implementation

For a CPG to improve the health of individual patients 
and the population, it must be put into practice. 
Clinicians in health care organizations (HCOs) and 
caregivers must adopt the CPGs as part of their health 
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care delivery, and patients need to adopt CPG-related 
health practices in their daily lives. Important factors 
can influence the successful implementation of clinical 
guidelines, such as lack of support from clinical staff 
and superiors, insufficient staff and time, and lack of 
familiarity with the guideline content.52–54 Phase 10 
focuses on strategies to help HCOs implement and 
use the CPG. The scope of the HCOs involved in 
implementing CPGs at the point of care varies 
widely—from large integrated delivery systems, aca-
demic medical centers, and multi-hospital systems to 
smaller individual hospitals and group or solo prac-
tices. Because organizational readiness varies greatly, 
implementation activities can be performed with vary-
ing levels of formality, and some activities are optional. 
Personnel involved with implementation activities can 
include some or all of the following: local informatics 
and information technology specialists, local experts, 
operations leaders, and clinical governance bodies.

CDS systems have helped meet this growing need 
to filter and integrate health care information. 
Overall, guidelines-based CDS implementation 
involves applying the “5 rights” of getting (1) the 
right information (evidence-based), (2) to the right 
person (someone on the care team, patients, or care-
givers, etc.), (3) in the right intervention format (alert, 
order set, reference info, etc.), (4) through the right 
channel (EHR, personal health record, smart device, 
etc.), and (5) at the right time in the workflow.14,47,55 
Incorporating the “CDS 5 Rights” into the workflow 
increases the likelihood that clinicians will follow the 
computable CPG recommendations, and the appro-
priate data will be collected and documented. There 
are various ways to influence the adoption of CPGs, 
including reminder systems and continuing medical 
educational programs combined with follow-up 
phone calls and presentations at meetings.56 At a high 
level, delivering CPG recommendations in a HCO 
may require localization of the CPG’s general arti-
facts to specific local clinical workflows and systems. 
For instance, general descriptions of the CPG’s ratio-
nale may need to be refined to describe more specifi-
cally the local rationale—why implementing a 
particular CPG is important and valuable to the local 
organization, its patients, and the community. 
Similarly, translating CPG artifacts into functioning 
computer code in local information systems may 
require further mapping with local system records 
and often will require localization of where and how 
these are introduced into local clinical workflows 
with a user-friendly design.

One of the tenets of computable guidelines is that 
there is a trusted, valid, and current computable rep-
resentation of the recommendations of a clinical 

guideline (L3).38 A well-designed computable guide-
line can be implemented in various ways as health 
information technologies mature (L4). For example, 
the same computable CPG can be implemented as 
CDS to help apply the guideline within the clinical 
workflow, as eCQM to track adherence to the recom-
mendations, and as eCase reports to send data on 
cases of the relevant condition to public health agen-
cies or to condition-specific registries.

Although phase 10 focuses on local implementa-
tion, the IP includes implementation perspectives 
throughout all phases. During phase 1 (defining the 
clinical problem/need; topic selection), implementers 
can provide health care organization and practitioner 
perspectives and point of care considerations. 
Implementers could be invited to comment on the 
project management plan during phases 2 and 3 and 
to learn more about the guideline’s development pro-
cess. They could also consult with the guideline team 
in phase 4 to evaluate plausible clinical workflows 
that affect the scope of the guideline. In phases 6–8, as 
guideline recommendations are drafted, implementers 
can help determine what data and quality measures 
are needed for associated CDS that are feasible to col-
lect in clinical workflows to put the computable 
guidelines into practice. Implementors can also engage 
closely with those designing informatics artifacts, 
bringing representative end-user clinician perspectives 
and local informaticians into the development pro-
cess. In phases 9–11 as the guideline is disseminated, 
implemented, and evaluated, implementation activi-
ties proceed as described above, localizing communi-
cations about the CPG, doing any necessary tailoring 
of informatics artifacts to local systems and clinical 
workflows, and performing local evaluations.

Evaluation

Activities for evaluation during the IP, found through-
out the 12 phases, offer a systematic approach for 
assessing whether and how the proposed IP contrib-
utes to improving (1) processes, (2) products, and (3) 
outcomes during the development and implementa-
tion of written and computable guidelines. These 
evaluation activities stand apart as a set of key ques-
tions, methods, and measures of success during the 
guideline creation and implementation. Process eval-
uation examines whether the steps of the IP are fol-
lowed to develop and implement high-quality 
guidelines and what barriers and facilitators are 
encountered. Findings from the process evaluation 
create an opportunity to make corrections that can 
improve processes for developing subsequent guide-
lines. IP product evaluation measures whether the 
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written and computable CPGs are of high quality, 
accessible, easy to use, understandable, and useful. 
Outcome evaluation measures examine whether spe-
cific objectives, such as guideline adoption and 
improved health outcomes, are achieved once the 
guidance is released and implemented.

Evaluation plans should be developed early (phases 
4 and 7), and the evaluation of the guideline imple-
mentation, outcomes, and impact takes place in phase 
11. Local measures of CPG adoption and effective-
ness can serve to evaluate success, setting goals, and 
measuring the impact of implementation (eg, did the 
computable CPG help to achieve its goals or did it 
add to the provider burden?). Implementers can use 
their local evaluation data to inform whether to 
adjust guideline implementation for better results. 
This may include examining the guideline’s effective-
ness on adherence, performance measures (for public 
reporting, payment, and accountability), and quality 
measures that align with the guideline (for national, 
regional, or local quality improvement efforts). 
Evaluation results and challenges can also inform 
guideline revisions and updates (phase 12).

Multiple theories and frameworks informed the 
evaluation activities described in the IP, including the 
CDC evaluation framework,57 diffusion of innova-
tion,58 actor-network theory,59 normalization process 
theory,60 and human, organization, and technology-fit 
framework.61 Established guideline development stan-
dards informed the evaluation components specific to 
the evidence synthesis and process for creating the 
guideline recommendations.2 Because the IP calls for 
software engineering, evaluation includes standard 
activities associated with informatics, including user-
centered design in formative stages and usability and 
user-acceptance testing as products are prepared for 
release.62–64

Summary of Tables in the 12-Phase IP

The (https://stacks.cdc.gov/view/cdc/131006) contains 
12 tables of phases providing detailed descriptions of 
activities during the IP for the 5 major disciplinary 
“lanes” described above. Each table is broken down 
into activities (what to do), tasks (how to do the activ-
ities), the responsible entity and expertise needed 
(who’s responsible), success indicators (evidence of 
completed activity), and examples of hyperlinked 
resources and tools to assist in completing the activi-
ties. The activities in each table are built on interna-
tionally accepted standards for guideline development 
and integrate additional activities for informatics, 
communication, health information technology 
implementation, and evaluation throughout. This IP is 

intended to enable the oversight committee and work-
groups to have bidirectional exchanges with iterative 
feedback loops to improve the efficiency and produc-
tion of guideline products and reduce lag time. This IP 
is a guidance tool but not prescriptive. Guideline 
teams can tailor this guidance to their needs and to the 
context in which they are producing guidelines to 
implement key parts of the IP that are feasible. Below 
is a brief description of each phase.

Phase 0: Pre-Guideline 
Development—Set up Operational 
Framework and an IP for Co-
Developing Written and Computable 
Guidelines

Phase 0 or “preguideline development” describes the 
steps required to build the necessary organizational 
infrastructure to support the co-development of any 
written and computable guidelines and foster their 
timely completion and utility. By the end of phase 0, the 
organization should have a high-level operational 
framework with clear standard operating procedures 
for initiating, planning, and developing written and 
computable guidelines. The decision to develop a new 
or updated guideline could be triggered by new evi-
dence for preventing or treating a condition, an emerg-
ing health condition, evidence of an excessive clinical 
health burden, or observed health disparities, among 
others.

Phase 1: Define Clinical Problem/
Assess Clinical Need/ Select Topic/
Assess Clinical Need for Computable 
CPG and Additional Products

Phase 1 begins when a compelling case can be made to 
develop the guideline, with the determination that ade-
quate resources are available to conduct the work. The 
guideline leader works with stakeholders and experts 

Example of a Clinical Problem 

Cardiovascular disease (CVD) is the leading cause of 
death in the United States, and nearly one-quarter of 
deaths caused by CVD are considered preventable. 
Abnormal blood glucose metabolism is one of several 
important modifiable cardiovascular risk factors. 
Computable guidelines and CDS can help provide 
patient-centered, evidence-based information on 
preventive treatment options to consider based on that 
patient’s individual health history and risk factors.
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to identify and assess the presence, size, or nature of a 
clinical need, gap, or problem, and prioritize topics 
considered to be promising solutions if developed into 
a new or updated computable CPG (see example).12,65 
This priority-setting phase is the foundation for select-
ing and creating CPGs designed to improve clinical 
practice, individual behaviors, and health outcomes.

During this phase, organizational managers gather 
information, assess guideline user needs and organi-
zational capacity, get leadership support, engage 
stakeholders and partners, and develop a shared 
vision. They also begin assessing project feasibility 
and resources and making decisions about processes 
for integrating informatics standards and protocols 
in guideline development. Tools like The Decision 
Tool for New Guideline Development (Appendix A 
https://stacks.cdc.gov/view/cdc/131006) can help pro-
vide structure to decision-making processes and 
ensure critical issues are addressed.

By consulting with stakeholders and experts, this 
phase helps answer important questions, such as:

1.  End-user need: is a computable guideline 
needed? How would it add value for end users?

2.  Alignment: how is the development of a com-
putable guideline consistent with our organiza-
tion’s mission and goals? Is our organization 
the most appropriate one to lead the develop-
ment of the proposed guideline?

3.  Resource availability: what resources are 
needed (financial, human, etc.), and can our 
organization develop a computable guideline?

4.  Partners: who are possible partners in this 
guideline development project?

5.  Scoping: what are the boundaries of this proj-
ect (what is in and out of scope)?

6.  Sustainability: what resources and efforts are 
needed to sustain the computable guideline 
once it is developed?

Clinical needs can be assessed at the population 
level (eg, epidemiological data from claims and admin-
istrative databases, clinical registries, and surveillance 
data), organizational level (eg, computerized health 
records at a hospital or clinic), or the clinical provider 
level (eg, provider surveys, direct observation, and 
EHR chart audits). The strategies employed for needs 
analysis depend on the purpose of assessment and the 
type of data and resources available.66 Often, this 
assessment identifies several needs or gaps. A system-
atic approach using explicit criteria can assist in pri-
oritizing needs and topics for guideline development.

Once the guideline topics are determined, multiple 
parallel assessments can determine the (1) appropriate 

guideline development processes for the topic and con-
text (eg, available evidence); (2) guideline format—
written guideline and computable guideline that can be 
translated into CDS, eCQMs, electronic case report-
ings, etc. with input from informatics experts; and (3) 
communication needs and products. Communicators 
need to be aware of the guideline development timeline. 
If a topic is controversial, communication and media 
planning can be prepared in advance to avoid issues 
later. Once these items are complete, the next step is to 
get leaders to approve the topic and ensure funding and 
the necessary internal and partner staff are available.

Phase 2: Establish Guideline 
Oversight Committee/Explore 
international Collaboration/External 
Partners/SMEs

Phases 2 and 3 focus on developing an oversight com-
mittee and workgroups involved in the guideline 
development process. Phase 2 involves establishing 
the oversight committee and partners to provide 
guidance and a framework for conducting the work. 
The oversight committee includes multidisciplinary 
members from organizational leadership with broad 
stakeholder representation. This committee estab-
lishes a project management plan following the inte-
grated process that includes time frames and 
milestones for a specific guideline topic, and collabo-
ration mechanisms and processes to share knowl-
edge. The committee establishes the workgroups that 
conduct the work, including its members and goals, 
and the criteria for if/when to include (HCOs) for 
implementation issues. The committee identifies and 
establishes partnerships, describes management and 
communication rules, and conducts educational 
training for all workgroups on how the integrated 
process will work. Finally, the oversight committee 
conducts a kickoff meeting with stakeholders to gain 
their support for the plan, assesses important issues 
among the intended audience, reviews the science 
underpinnings of the guidelines, and obtains agree-
ment on the communication standards, protocols, 
and clearance process.

Phase 3: Establish Workgroups: 
Guideline Panel, Informatics, CDS 
Implementors, Systematic Review 
Team, Informatics Team/Set up 
Collaboration Platforms and Tools

Phase 3 focuses on who will conduct the work and 
how it will be performed. Engaging people with 
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diverse and appropriate expertise is essential to 
applying the IP for developing guidelines. The guide-
line workgroups should be composed of SMEs with 
knowledge about evidence review and synthesis, 
guideline development, informatics, communication, 
dissemination, implementation, and evaluation. 
Those who have expertise in more than 1 area could 
be engaged in multiple aspects of the IP. It is impor-
tant to assess the conflicts of interest of each expert 
and obtain disclosures before their participation. 
Such conflicts may disqualify the expert from partici-
pation or influence the nature of their involvement. 
For example, an expert who owns a substantial 
amount of stock in a pharmaceutical company would 
likely benefit financially from a recommendation to 
use that company’s drug as a first-line treatment for a 
disease. Consequently, the expert may be excluded 
from guideline development activities, particularly 
those for creating the recommendation. Clear com-
munication of roles and responsibilities and the use 
of relevant tools for collaboration can help maximize 
the engagement of members and their partners. 
Overall, phases 2 and 3 establish the infrastructure 
that includes partnerships, workgroups, a project 
management plan, collaborative platforms, and a 
kickoff meeting and communication plan with ques-
tions to consider so that workgroups can begin the 
guideline development work. (Appendix B and C  
https://stacks.cdc.gov/view/cdc/131006).

Phase 4: Determine Guideline Scope 
and Identify Computable CPG 
Concepts

The purpose of the scoping phase is to give an overview 
and set boundaries for what the clinical guideline will 
cover, the key clinical issues, and what it will not cover. 
A well-defined guideline scope serves as the foundation 
for tasks in all phases. If the project scope is nebulous, 
shifts, or expands as development proceeds, it reduces 
the likelihood of project success.67,68 Consequently, dur-
ing phase 4 scoping, SMEs, methodologists, systematic 
reviewers, selected stakeholders, and others identify the 
type of guideline (eg, new, interim, update, or adapta-
tion of an existing guideline) and draft research ques-
tions that the guideline will tackle, typically framed in 
terms of discrete populations, interventions, compari-
sons, and outcomes (PICO).69,70 Longer formats that 
incorporate additional factors of interest can also be 
used, such as PICOTS, for which the (T) reflects poten-
tial changes in the effects of an intervention over time 
and the (S) reflects a specific setting.71 Ideally, PICO ele-
ments are represented in a visual analytic model that 
shows the causal pathway by which an intervention is 
linked to outcomes of interest. This graphical represen-
tation highlights critical premises about the relation-
ships and outcomes of interest, and whether the correct 
questions are being asked, which then guides the sys-
tematic review of the evidence. In addition to defining 
and writing research questions, experts for the guideline 
topic consult with informatics and implementation 
experts to describe clinical workflows that might affect 
the scope and identify the data elements, terminologies, 
clinical use cases, and relevant and reusable computable 
CPG concepts and artifacts.72 For the proposed guide-
line, evaluators then develop an overall logic model that 
provides a graphical depiction of the shared relation-
ships among the resources, activities, time frame, out-
puts, outcomes, and long-term impact among the target 
audience. The logic model assists in drafting a plan that 
will be used to evaluate the guideline once published, by 
facilitating a common understanding of the intended 
outcome evaluation indicators. This model also informs 
the evaluation plan for the IP and its products. The draft 
communication plan is also updated in concert with the 
guideline scope and evaluation plan.

Phase 5: Identify, Assess, 
and Synthesize Evidence and 
Represent CPG Artifacts as Logical 
Representations/Expressions

This phase focuses on steps to identify, extract, assess, 
synthesize, and grade the evidence for guideline devel-
opment. A key task is to choose the evidence review 
methods most appropriate for the guideline under 

Example of a PICO Question and Guideline Scope

Is there direct evidence that systematic screening (either 
targeted or universal) [compared to no screening (C)] 
for type 2 diabetes, impaired fasting glucose, or impaired 
glucose tolerance (I) among asymptomatic, nonpregnant 
adults (P) improves health outcomes (O)?

To address this and other PICO questions, a systematic 
review focused on: (1)  the benefits and harms of 
screening for prediabetes and type 2 diabetes; (2) the 
benefits and harms of interventions (such as behavioral 
counseling focused on diet, physical activity, or both, or 
pharmacotherapy for glycemic, blood pressure, or lipid 
control, compared with no treatment or usual care) for 
screen-detected prediabetes and type 2 diabetes or 
recently diagnosed type 2 diabetes; and (3) the 
effectiveness of interventions for prediabetes to delay or 
prevent progression to type 2 diabetes.
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development. For example, evidence reviews for an 
urgent public health need, such as COVID-19, may use 
methods that are adapted for a rapid development 
timeline. Topics with primarily nonrandomized trials 
may use evidence quality frameworks more appropri-
ate for rating this type of evidence. Other reviews may 
synthesize mixed types of evidence, such as literature 
reviews, expert observations, and EHR patient data. 
Regardless of the type of evidence gathered, there 
should be transparency in reporting about review 
methods, including the search strategy, data extrac-
tion, parameters for evidence synthesis, and study 
quality assessment.

Systematic reviews may also be “living” reviews 
with systematically developed, evidence-based, ongo-
ing surveillance of the literature. Living reviews sup-
port continuously updated recommendations for the 
diagnosis and management of medical conditions.73 
Furthermore, “living guidelines” (also known as 
dynamic or organic guidelines) can be developed using 
large and continuously updated data sets of real-
world or near-real-time practice-based data that are 
included in guideline recommendations through a 
process of continuous surveillance, either manually, 
through special software or using artificial 
intelligence.73–75

During phase 5, the informatics team reviews 
drafts of the evidence and identifies clinical concepts, 

potential data elements, and decisional flows that 
inform logic representations in computer code. The 
discipline of knowledge engineering comes to the 
fore as the guideline is structured into discrete infor-
mation elements, such as clinically meaningful con-
cepts and variables driving clinical decisions. 
Elements are mapped to standard terminologies used 
by the health industry to create clinical information 
systems. These activities are a precursor to creating 
and refining the computable CPG version of the 
guideline.

Phase 6: Craft the Recommendations 
and Computable CPG Artifacts

During phase 6, the guideline team develops, rates, and 
prioritizes the written recommendations, while the 
informatics and implementation experts conduct core 

Figure 2. Semi-structured version of the 2015 US Prevention Service Task Force full recommendation statement for Screening 
for Abnormal Blood Glucose and Type 2 Diabetes Mellitus. This is a direct example from the US Prevention Service Task Force. 
Additional inclusion criteria outlined in this decision log are included in the section titled “Patient Population Under Consideration” of 
the full recommendation statement.76,77

Example of a Written Diabetes Guideline 
Recommendation*

The USPSTF recommends screening for abnormal blood 
glucose as part of cardiovascular risk assessment in 
adults aged 40–70 years who are overweight or obese.

* Note: This 2015 recommendation was superseded by 
2021 recommendations.
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activities needed to design and produce the computable 
CPG. Significant integration among the guideline devel-
opment, informatics, and implementation experts 
occurs during this phase. A key informatics work prod-
uct is a logical, formalized representation of the recom-
mendations, typically in the form of logical flow 
diagrams, showing all clinical decisions arising from 
the recommendations and all clinical inputs (eg, 
required data elements, patient assessments, calcula-
tions) and outputs related to patient care (eg, diagnos-
tic procedures, medical treatments, follow-up). In the 
informatics community, the same information can be 
represented in varying levels of structuredness. For 
example, the written guideline recommendations are 
referred to as “L1” (ie, narrative), and these logical rep-
resentations are often referred to as “L2” (ie, semi-
structured).47,76 (Figure 2) A mid-progress review also 
occurs during this phase to make sure that the develop-
ment of the written and computable CPGs meets 
expectations and to plan midcourse corrections as 
needed. If resources allow, the informatics and imple-
mentation experts also develop and test the comput-
able CPG artifacts, work that continues in phase 7. 
These can be used by local implementers to develop 
CDS applications, measures of adherence to the overall 
guideline and health outcomes, and other derivative 
products.

Phase 7: Draft the Guideline Text and 
Article. Finalize Computable CPG 
Artifacts and Create Documentation

Once the guideline recommendations have been 
crafted, phase 7 begins with a review of the process for 
drafting the text for the guideline, including an outline 
of content and section headings, a finalized timeline of 
requisite tasks, and a plan for roles, responsibilities, 
and expectations. Additional supporting materials are 
developed to explain each recommendation. These 
materials typically include text that describes the meth-
ods, recommendations, supporting evidence and evi-
dence tables, flowcharts, algorithms, figures, glossary 
of terms and abbreviations, group member conflict of 
interest statements, and other supplementary materi-
als. Guideline developers conduct a quality assessment 
of the entire guideline document to obtain approval 
for the review. As the guideline text is written, infor-
matics and implementation experts validate and final-
ize the computable CPG artifacts (L3) (ie, structured) 
(Figure 3) and associated documents (eg, user stories, 
use cases, use case diagrams, decision trees, flow-
charts). Terminologies, ontologies, metadata, and 
other requirements are identified to support tagging 
and other approaches to cataloging resources on digi-
tal platforms. The guideline development group, 

Figure 3. Excerpt of computable diabetes screening recommendation12
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end-user and consumer representatives, and other 
stakeholders also determine whether other derivative 
products are needed (eg, eCQMs, eCase reports). After 
computable CPG artifacts are completed, repositories 
and libraries are prepared for concepts and data ele-
ments (profiles, terminologies, value sets, libraries, 
groups, rules, and logic representations/expressions).

While the draft guideline text and computable 
CPG artifacts are being finalized and before they are 
released to the public, the evaluation group updates, 
expands, and reviews the evaluation plan. The logic 
model is reviewed to determine final specific, measur-
able, achievable, realistic, and timely (SMART) objec-
tives and evaluation questions, choose or develop 
appropriate evaluation methods and instruments to 
assess expected outcomes, pinpoint the intended 
audience and timing for evaluation, identify neces-
sary evaluation resources, and determine how evalu-
ation results will be used with future guideline 
updates. The communications team continues to col-
laborate with the other teams during phase 7 and 
makes sure they share the communication plan with 
other relevant staff in the organization (eg, communi-
cations, media, and policy). Communication prod-
ucts are developed, and items that will be published 
should be part of discussions to coordinate dissemi-
nation timing, design, format, branding, messages 
and messengers, and strategies to manage controver-
sial topics.

Phase 8: Finalize article for Internal 
Review, External Review, Peer 
Review, and Public Comment and 
Validate CPG and Derivatives

Phase 8 comprises all the activities needed to prepare 
the guideline for its release to the public. Activities 
include finalizing the guideline manuscript, the com-
putable CPG, and derivative products for review 
within and outside the guideline development organi-
zation. Derivative products include written or com-
putable content derived from the guideline (eg, pocket 
cards, clinician mobile apps, continuing education, 
and computable artifacts such as info buttons and 
measures, including eCQMs).48 This allows a trans-
parent means for reviewers to examine the methods 
used to produce the written guideline and the com-
putable CPG artifacts. The document undergoes pub-
lic comment and peer review to allow an objective 
review of the guideline by outside professionals with 
timely revisions. The draft CPG is published online 
for examination to prevent the CPG from becoming 
outdated or irrelevant by the publication date. During 

this phase, the communication team engages stake-
holders to promote awareness during the peer review 
and public comment period and ensures the commu-
nication products, messages, and social media are 
appropriate and easily accessible. The communica-
tion team also conducts an environmental scan to 
assess media interest and manage issues that may 
arise from the release of the guidelines. A final review 
of the evaluation plan is performed, so it is ready to 
be launched once the guideline is published. Finally, 
the article and other products are submitted for 
publication.

Phase 9: Publish and Disseminate the 
Guideline

Phase 9 focuses on communicating and disseminating 
the guideline, CPG artifacts, derivative products, and 
accompanying communication products at the time 
of publication in a peer-reviewed journal. Although 
phase 9 is the culmination of strategic communica-
tion planning and coordination starting from the ini-
tial decision to develop or update the guidelines, its 
success is predicated upon decisions and activities 
that take place much earlier. The communication 
team launches the communication plan and prepares 
the logistics of releasing the guidelines through the 
following activities: ensuring platforms and content 
are ready for use; notifying media of available spokes-
people; coordinating with partners and the primary 
journal; preparing people who will speak about the 
guideline; releasing prepared statements and back-
ground documents; lifting embargoes; posting web 
content (Figure 4) and the CPG artifacts onto reposi-
tories such as AHRQ’s CDS Connect;78 launching 
other dissemination activities, such as social media 
posts, webinars, and responding to inquiries; and 
tracking activities and evaluation metrics of the 
launched communication plan to determine if the 
guideline had a successful release.

Phase 10: Implement Guideline 
Locally

In phase 10, a health care provider organization that 
implements the published guideline will transform 
the accompanying L3 computable CPG artifacts 
into functioning L4 executable computer code, such 
as CDS (eg, order sets or advisories) and/or eCQMs 
within their EHR, to apply the guideline in their 
practice. To do so, the organization may prioritize 
which guideline recommendations to implement in 
their practice based on criteria.79 Next, they may 
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Figure 4. Example of a consumer guide fact sheet disseminated for the diabetes recommendation. Archived: Abnormal Blood 
Glucose and Type 2 Diabetes Mellitus: Screening | United States Preventive Services Taskforce (uspreventiveservicestaskforce.org).
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analyze where it is feasible to incorporate guideline 
recommendations into local workflows and clinical 
information systems, such as EHR, laboratory, and 
pharmacy systems. A mid-progress review is con-
ducted with partners to review the resulting design 
before building and testing. This is a critical step to 
success. Seeking users’ perspectives for CDS usabil-
ity and integration into the workflow improves deci-
sion support.80 In 1 study, adherence to medication 
guidance by clinicians using CDS was enhanced by 
keeping alerts to a minimum.81 Once deemed feasi-
ble, implementers can begin iterative design-build-
test cycles to develop or localize CDS tools, eCQMs, 
and other types of derivative products typically in a 
development environment. About midway through 
implementation, planning for launch should begin. 
In preparation for moving the new tools into the 
production EHR, clinical workflows, local policies, 
and procedures may need to be updated. Clinical 
users will need to be introduced to the CDS tools 
and trained if the new tools are complex. Once the 
tools are migrated to the production environment, 
additional refinement of local workflows and CDS 
tools may be needed, based on user feedback and 
ongoing assessments. Ultimately, the CDS tools sup-
porting the CPG become part of established clinical 
workflows in the organization, setting the stage for 
measurement of effects on clinical practice and 
health outcomes and potentially for producing and 
sending eCase reports (eg, to disease registries). 
(Figure  5) Beyond clinically based CDS, the CPG 
may be implemented in other ways, for example, by 
inclusion in mobile applications (apps) or interac-
tive care plans for patients spanning multiple care 
teams. (Figure 6)

Phase 11: Evaluate Guideline 
Outcomes and Impact

In phase 11, activities are focused on evaluating 
whether the computable guideline is achieving its 
objectives, including effective implementation, adop-
tion and regular usage, and improved health outcomes 
among targeted populations. After the guideline is 
released, the evaluation team finalizes the outcomes 
evaluation plan and fully implements it in conjunction 
with the communication plan and in collaboration 
with partners  at local health care settings. Early data 
collection evaluates local awareness and perceived 
usability and usefulness of the guideline, as seen in the 
b.well mobile application example.82 Data collected 
soon after implementation may inform efforts to 
improve the uptake of the guideline. After the evalua-
tion data are collected and summarized, the imple-
menters and evaluation team closely monitor and 
review the results with clinicians at the local site to 
adjust the clinical workflow. Data collected over time 
is used to determine adherence to the recommenda-
tions and whether they are improving health out-
comes. Guideline developers use the data and any new 
evidence for guideline updates, as noted in phase 12.

Figure 5. Example of computable diabetes recommendation implemented in a provider-facing CDS.

L4L4

Example of Evaluating Diabetes Guideline 
Recommendations

 In the evaluation of the patient-facing CDS through the 
b.well mobile application, the end users generally found 
the educational information and game-like challenges 
to be useful and stated that they planned to take action 
on the preventive health recommendation.
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Phase 12: Update Guideline

Guidelines need to be periodically updated based on 
new information, for example, changes in evidence or 
values placed on outcomes, or changes in interven-
tions such as new drugs or newly reported adverse 
events related to the guideline.83 Updating a conven-
tionally written guideline usually involves reviewing 
the available evidence, after which the guideline devel-
opment group determines whether recommendations 
still apply or whether modifications or new recom-
mendations are needed. Updating the computable 
guideline involves ensuring that new technologies and 
CPG components, such as CDS and eCQMs, are 
updated for subsequent local adaptation. Currently, 
the literature does not describe the processes required 
to update computable guidelines in response to 
changes in evidence. However, the HL7®-created 
CPG-on-FHIR® standard describes Agile processes 
that accommodate such updates.84 Nonetheless, such 
processes will likely require careful operational plan-
ning and management by trained staff. As part of this 
IP, phase 12 proposes a system that supports continu-
ous and timely feedback for updating the CPG accord-
ing to established parameters. Furthermore, it 
describes the link between the written and comput-
able guidelines and their associated computable CPG 
artifacts in a way that enables an easy and quick 
update and maintenance of these CDS tools, eCQMs, 
eCase reports, and other products after the guidelines 
are updated. It includes collecting information from 
providers and CDS users as well as nontraditional 

evidence such as real-time data from clinical practice 
and exploring and using new technologies such as 
artificial intelligence, text mining, machine learning, 
and crowdsourcing. If a “living guideline” approach is 
used, updating can be more dynamic with modular 
modifications made to accommodate the latest scien-
tific information. Finally, it is important to have a plan 
to clearly communicate and evaluate the updated 
guideline recommendations and derivative products.

Summary

In developing the 12 phases, the authors reviewed 
several past and ongoing real-world clinical guide-
line development projects and vetted the process 
with informatics and implementation professionals 
from HL7® (www.HL7.org) to add to and validate 
details of the IP. This resulted in a revised diagram 
representing the life cycle of guideline development, 
as seen in Figure 7. The outer circle shows 12 phases 
of formal guideline development resulting in pub-
lished written recommendations. The middle circle 
details informatics and clinical implementation 
activities for the computable guideline. 
Collaboration and iteration among teams across 
phases are shown as paired arrows at critical phases 
of the process. A third inner circle summarizes the 
evaluation activities to be conducted during guide-
line development. Finally, at the center of the pro-
cess are the guideline users, who should be engaged 
through human-centered design processes in all 
phases.

Figure 6. Example of computable diabetes recommendation implemented in a patient-facing CDS mobile app.

L4L4
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The diagram also presents the life cycle within quad-
rants, showing the interim and final outputs of the 
guideline development activities, such as written rec-
ommendations, corresponding to “levels of knowl-
edge” proposed by Boxwala et. al.47 for engineering 
computer-based CDS. While either the original 
Figures 1 or 7 may be used to orient teams to the IP, this 
diagram better emphasizes the cyclical and iterative 
nature of creating written and computable CPGs 
through the 12 phases.

Case Example for COVID-19

To illustrate how the IP can be tailored to specific 
guideline development contexts, the authors present 
a short retrospective case study, referencing the cycle 
diagram (Figure 7) and corresponding phases of the 
IP. A more detailed version of this case study is in the 
FHIR® Clinical Guidelines (CPG-on-FHIR®) 
implementation guide.85 In May 2020, during the 
SARS-CoV-2 pandemic, an interdisciplinary team 

created a computable clinical best practice tool for 
classifying the severity of COVID-19 cases in emer-
gency departments and making recommendations 
for testing and management. This served as an infor-
mal pilot of the IP. Team members from the Adapting 
Clinical Guidelines Initiative joined with profession-
als from nearly 50 private sector organizations, 
including hospitals and health systems, medical spe-
cialty societies, and IT vendors, in a “collaboratory,” 
named the COVID-19 Digital Guideline Working 
Group (Figure 7, phase 1). The working group was 
further organized into 2 interdisciplinary Agile CPG 
teams, to (1) develop guidance and (2) translate the 
written guidance into a computable form (ie, L1, L2, 
and L3 artifacts) as described in detail in Figures 
MSC.04 and FIG MSC.07 in the HL7® COVID-19 
severity classification methodology in the CPG-on-
FHIR® IG (phases 2 and 3).85 Specific teams con-
ducted work focused on guidance development, 
informatics, and implementation using integrated 
and Agile processes. The informatics team members 

Figure 7. A 12-Phase integrated process for developing and implementing clinical practice guidelines.

D
ow

nloaded from
 http://journals.lw

w
.com

/ajm
qonline by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/14/2023



Matson-Koffman et al S29

included experts in knowledge engineering, medical 
terminology (nomenclature for interoperability, eg, 
SNOMED, FHIR®), clinical informatics, and soft-
ware engineering. The teams set up shared tools 
platforms to complete the work (phase 3).

Collaboratory participants reported that the Agile 
CPG teams, which included clinicians, informati-
cians, and representatives from medical professional 
societies and practice centers, cycled through activi-
ties in regular working sessions while emerging evi-
dence was rapidly reviewed (phases 4–8) to produce 
iterations of the guidance. Interdisciplinary work 
included documenting evidence and detailing clinical 
guidance on COVID-19-related severity classifica-
tion, risk assessment and prognosis, diagnostic test-
ing, and interpretation, level of care (ie, management), 
and pharmacologic and nonpharmacologic treatment 
(phase 5). The informatics team (specifically, knowl-
edge engineers) identified clinical concepts needed for 
the management tool and defined the requisite data 
elements and logic necessary to express those con-
cepts (phase 5).85 These data definitions were pro-
vided to the COVID-19 interoperability alliance and 
terminology vendors for explicit definitions in stan-
dard terminologies and their mappings to real-world 
interface terminologies in current use within EHRs to 
ensure usability when deployed.86 All further infor-
matics knowledge engineering work products are 
built upon these defined data elements and mapped 
clinical concepts. Next, the content development 
team created a 2-step visual representation for the tri-
aging and testing of patients who presented in emer-
gency settings (phase 6). This visual representation 
used the patient’s clinical history, monitoring, and 
diagnostic testing results to determine a COVID-19 
severity score, risk assessment, and calculated prog-
nosis. The severity and risk of disease progression, in 
turn, determine the most appropriate interventions 
and level of care for the patient (eg, ambulatory, inpa-
tient, critical care, discharge, or escalation of in-hos-
pital care). At the same time, the Agile CPG team 
structured the content into diagrams (L2) showing 
data flows, clinical workflows, and decision points, 
including explicit descriptions to inform the corre-
sponding logic (L3) for the computable guideline. 
(Phase 6).

The work continued in a concurrent, iterative 
fashion in phases 6–7. As the content team finalized 
the management tool in written form, the informatics 
team refined the flow diagrams (L2) and computable 
expressions (L3). As the teams moved toward publi-
cation, iterative reviews of design and work products 
took place across the functional teams (guidance 
development, informatics, and implementation), 

experts, and end users (phases 6–8). While the final 
emergency department COVID-19 management tool 
was undergoing peer review (phase 8), experts 
reviewed and simulated realistic test cases of the com-
putable models. By August 2020, 3 months after proj-
ect start, the American College of Emergency 
Physicians disseminated the management tool to its 
50,000 members worldwide for immediate use and 
the initial “Draft for Trial Use” computable format 
was made available (phases 9–10).

In 2021, members of the COVID-19 Digital 
Guideline Working Group continued their work to 
evaluate the use of the management tool in clinical 
settings and to update it with emerging evidence and 
best practices (phases 11–12). Although the develop-
ment of this management tool was atypical and 
driven by the urgent need to respond to the pandemic, 
there were clear benefits in using integrated and Agile 
processes84 to develop the written and computable 
guidance at the same time, as reported by working 
group members. These benefits include increased 
speed of development and determination of guidance, 
prompt clarification of content-related terms and 
logic, and streamlined production of computable arti-
facts for use in CDS systems, apps, registries, and 
more. Such an approach further makes possible clini-
cal feedback and mechanisms for rapid learning and 
improvement.

Discussion

To advance the process of producing guidelines in the 
digital age, an interdisciplinary team produced and 
proposed this 12-phase IP for co-developing, commu-
nicating, implementing, and evaluating written and 
computable CPGs. While keeping true to the method-
ological standards of guideline development, the 
team incorporated information technology support, 
evaluation results, and novel dissemination and pub-
lication methods, as well as rigorous quality assur-
ance throughout the guideline life cycle. Compared to 
a traditional “waterfall” or sequential approach, this 
IP is expected to result in a more synchronized and 
Agile approach for the development, communication, 
implementation, adoption, and evaluation of guide-
lines in clinical practice settings. The 12 phases pro-
vide a clear roadmap of activities, resources, and 
tools in the tables for conducting this interdisciplin-
ary work to translate new guideline knowledge into 
practice more efficiently. The process builds on con-
temporary practices for guideline development, 
including the GIN-McMaster Development Checklist, 
and integrates internationally vetted and published 
HIT standards (ie, CPG-on-FHIR®).2,30,32,33,87 It 
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provides a framework for guideline developers to: (1) 
facilitate early engagement and collaboration among 
interdisciplinary experts and partners in co-develop-
ing and implementing written and computable CPGs, 
to allow a better understanding of guideline nuances 
and pilot testing in a health care environment; (2) 
develop communication plans early in the guideline 
development process designed to increase awareness 
and stimulate adoption of the guideline; and (3) 
develop evaluation plans, from start to finish, that 
use ongoing feedback loops to support rapid improve-
ments of the CPG, its use, and resulting health out-
comes. Developing communication and evaluation 
plans early in the IP can aid in the faster promotion 
to the intended audience and evaluation soon after 
the CPG guideline and related artifacts are 
published.

Key Results Within the Relevant 
Literature

Recent evidence shows promising results of CDS sys-
tems combined with the integration of computable 
CPGs into clinical workflows to further improve 
patient care and health outcomes.27,28,88 Although 
CDS systems have been shown to improve health care 
process measures related to decision-making, diag-
nostic accuracy, and appropriate testing across diverse 
settings, effects on clinical and economic outcomes 
remain sparse.18

Project Limitations

This preliminary effort to develop an IP for written 
and computable guideline development has several 
limitations. First, this IP for guideline development 
and implementation has not been fully applied, tested, 
and evaluated. Nevertheless, there are instances, such 
as the COVID-19 case study, in which parts of an IP 
have been enacted. More examples are found in the 
HL7® CPG-on-FHIR® implementation guide.11 
These examples informed the development of this 
process. Second, there has been no published work on 
an efficient approach for developing computable 
CPGs along with earlier planning of communication, 
implementation, and evaluation activities. Therefore, 
this IP was developed primarily based on a literature 
review and the expertise of a multidisciplinary group 
with experience in guideline development, informat-
ics, CPG implementation, communication, and evalu-
ation. Third, this innovation assumes that the 
necessary diverse subject-matter expertise will be 
available to the organization when following this 
process. However, this may not be feasible in all cases, 

particularly when organizations have focused on the 
traditional forms of guideline development and 
implementation. Finally, while this process is intended 
to shorten the overall time to guideline implementa-
tion, it may lengthen the development time and 
require greater costs and staff time during earlier 
phases of guideline development because of its multi-
disciplinary approach.

Implications for Current Practice and 
Policy

In 2016, the AHRQ launched CDS Connect, a web-
based platform for sharing interoperable CDS. The 
Office of the National Coordinator for Health 
Information Technology, the principal federal entity 
charged with supporting a nationwide HIT infrastruc-
ture, recently recommended improving HIT and 
reducing documentation burden, time inefficiencies, 
and hassle for health care providers.89 There are sev-
eral implications of this 12-Phase IP for improving 
HIT and current practice and policy. First, awareness 
of this process can spur guideline developers to include 
other relevant expertise. This IP can also be a tool to 
educate interdisciplinary teams, including informati-
cians, implementers, evaluators, and communicators 
about the guideline development process.

Second, the adoption of this IP may facilitate a 
more efficient approach to guideline development, 
decrease the time to implementation, and provide 
timely updates. New evidence should be able to be 
more quickly integrated into computable CPGs fos-
tering increased consistency and accurate implemen-
tation across HCOs. Further, the IP supports the 
integration of large-scale data from patients into 
computable CPGs. For example, the rapid cycle of 
knowledge gained during the COVID-19 pandemic is 
an example of the speed at which “big data” from 
clinical practice, in combination with literature evi-
dence, can inform computable CPGs.

Third, incorporating informatics, evaluation, and 
communication activities earlier in the guideline 
development process will require resources beyond 
those typically allocated in developing a written 
guideline. However, co-development, rather than 
sequential development of the written and comput-
able CPGs may provide substantial savings in overall 
costs and time during both the development and 
implementation phases. A further advantage is that 
communication and evaluation activities will be 
properly budgeted and executed efficiently. An 
Evaluation Framework companion article in this sup-
plement provides a means to evaluate the benefits of 
the IP.
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Finally, this 12-Phase IP is intended to offer flexi-
ble and Agile guidance. Guideline developers can tai-
lor it to their needs and implement some or all parts 
of the IP depending on what is deemed important or 
feasible. There could also be different entry points to 
the IP if the outputs of some phases have already been 
produced through other processes. For example, the 
CDC Division of HIV Prevention Guideline is using 
select components of earlier phases of the IP to update 
their HIV Screening Guidelines (phase 12), which 
were originally developed as narrative guidelines. The 
COVID-19 Digital Guideline Working Group, work-
ing with the American College of Emergency 
Physicians, also used a tailored IP to develop a sever-
ity risk score for patients with COVID-19.85

Recommendations for Further 
Research or Policy and Practice

Components of this IP have already been applied in 
practice, as demonstrated with the quick development 
of the COVID-19 severity risk tool and currently to 
updating the CDC HIV guidelines. Pilot testing, evalu-
ation research, and tracking metrics are needed to 
demonstrate if and how well this 12-Phase IP improves 
the current state of guideline development and use.

The IP may be well suited for a living guidelines 
approach due to its iterative and cyclical phases and 
flexibility to tailor it for use. Living guidelines are 
typically modular, with sections updated as war-
ranted by new information, thereby shortening the 
production and publication time required for jour-
nal-based guidelines. Tools are available to enable the 
dynamic updating of guidelines.90 Guideline develop-
ers would likely shift their guideline development 
methods if the use of this 12-Phase IP, either alone or 
in combination with a living guidelines approach, 
resulted in reduced times to guideline implementa-
tion, more efficient use of resources, improved guide-
line adherence, clinical care, or patient health 
outcomes.

Interdisciplinary work with the HIT industry on 
this IP has already advanced the production of writ-
ten and computable guidelines and products, for 
example, diabetes, opioids, and a COVID-19 severity 
risk screening tool. As more interdisciplinary teams 
engage in this IP, lessons will be learned about what 
works, and improvements will be made to yield faster 
implementation of guidelines into clinical informa-
tion systems and practice.

Conflicts of interest

The authors have no conflicts of interest to disclose.

Disclaimer: The findings and conclusions in this report are 
those of the authors and do not necessarily represent the 
views of the Centers for Disease Control and Prevention 
and the Agency for Toxic Substances and Disease Registry.

References

 1. Alper BS, Hand JA, Elliott SG, et al. How much effort 
is needed to keep up with the literature relevant for 
primary care? J Med Libr Assoc. 2004;92:429–437.

 2. Institute of Medicine. Clinical Practice Guidelines We 
Can Trust. National Academies Press; 2011.

 3. Dufour JC, Bouvenot J, Ambrosi P, et al. Textual 
guidelines versus computable guidelines: a compara-
tive study in the framework of the PRESGUID project 
in order to appreciate the impact of guideline format 
on physician compliance. AMIA Annu Symp Proc. 
2006;2006:219–223.

 4. Fox J, Patkar V, Chronakis I, et al. From practice 
guidelines to clinical decision support: closing the loop. 
J R Soc Med. 2009;102:464–473.

 5. Bierbaum M, Rapport F, Arnolda G, et al. Clinicians’ 
attitudes and perceived barriers and facilitators to can-
cer treatment clinical practice guideline adherence: a 
systematic review of qualitative and quantitative litera-
ture. Implement Sci. 2020;15:39.

 6. Cabana MD, Rand CS, Powe NR, et al. Why don’t 
physicians follow clinical practice guidelines? a frame-
work for improvement. JAMA. 1999;282:1458–1465.

 7. Correa VC, Lugo-Agudelo LH, Aguirre-Acevedo DC, 
et al. Individual, health system, and contextual barri-
ers and facilitators for the implementation of clinical 
practice guidelines: a systematic metareview. Heal Res 
Policy Syst. 2020;18:74.

 8. Geerligs L, Rankin NM, Shepherd HL, et al. Hospital-
based interventions: a systematic review of staff- 
reported barriers and facilitators to implementation 
processes. Implement Sci. 2018;13:36.

 9. Frantsve-Hawley J, Abt E, Carrasco-Labra A, et al. 
Strategies for developing evidence-based clinical prac-
tice guidelines to foster implementation into dental 
practice. J Am Dent Assoc. 2022;153:1041–1052.

 10. Peleg M. Computer-interpretable clinical guide-
lines: a methodological review. J Biomed Inform. 
2013;46:744–763.

 11. HL7®. Clinical Guidelines Examples (FHIR® Clinical 
Guidelines (v1.0.0) (STU1)). Accessed February 21, 
2022. http://hl7.org/fhir/uv/cpg/examples.html

 12. Agency for Healthcare Quality and Research. 
Abnormal Blood Glucose and Type 2 Diabetes 
Mellitus: Part One, Screening. CDS Connect. Accessed 
February 21, 2022. https://cds.ahrq.gov/cdsconnect/
source/abnormal-blood-glucose-and-type-2-diabetes-
mellitus-screening

 13. Aspry KE, Furman R, Karalis DG, et al. Effect of 
health information technology interventions on lipid 
management in clinical practice: A systematic review 
of randomized controlled trials. J Clin Lipidol. 
2013;7:546–560.

D
ow

nloaded from
 http://journals.lw

w
.com

/ajm
qonline by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/14/2023

http://hl7.org/fhir/uv/cpg/examples.html
https://cds.ahrq.gov/cdsconnect/source/abnormal-blood-glucose-and-type-2-diabetes-mellitus-screening
https://cds.ahrq.gov/cdsconnect/source/abnormal-blood-glucose-and-type-2-diabetes-mellitus-screening
https://cds.ahrq.gov/cdsconnect/source/abnormal-blood-glucose-and-type-2-diabetes-mellitus-screening


 American Journal of Medical Quality 38(5S)S32

 14. Osheroff JA, Teich JM, Levick D, et al. Improving 
Outcomes with Clinical Decision Support: An 
Implementer’s Guide. HIMSS Publishing; 2012.

 15. The Office of the National Coordinator for Health 
Information Technology (ONC). Clinical Decision 
Support. HealthIT.gov; Published 2018. Accessed 
February 21, 2022. https://www.healthit.gov/topic/
safety/clinical-decision-support

 16. Kwan JL, Lo L, Ferguson J, et al. Computerised clinical 
decision support systems and absolute improvements 
in care: meta-analysis of controlled clinical trials. Br 
Med J. 2020;370:m3216.

 17. Cresswell K, Majeed A, Bates DW, et al. Computerised 
decision support systems for healthcare profession-
als: an interpretative review. Inform Prim Care. 
2012;20:115–128.

 18. Bright TJ, Wong A, Dhurjati R, et al. Effect of clini-
cal decision-support systems: a systematic review. Ann 
Intern Med. 2012;157:29–43.

 19. Clarke S, Wilson ML, Terhaar M. Using dash-
board technology and clinical decision support sys-
tems to improve heart team efficiency and accuracy: 
review of the literature. Stud Health Technol Inform. 
2016;225:364–366.

 20. Whitehead NS, Williams L, Meleth S, et al. The effect 
of laboratory test-based clinical decision support tools 
on medication errors and adverse drug events: a labo-
ratory medicine best practices systematic review. J 
Appl Lab Med. 2019;3:1035–1048.

 21. Rittmann B, Stevens MP. Clinical decision support sys-
tems and their role in antibiotic stewardship: a system-
atic review. Curr Infect Dis Rep. 2019;21:29.

 22. Carracedo-Martinez E, Gonzalez-Gonzalez C, Teixeira-
Rodrigues A, et al; Galician Pharmacoepidemiology 
Research Group. Computerized clinical decision sup-
port systems and antibiotic prescribing: a systematic 
review and meta-analysis. Clin Ther. 2019;41:552–581.

 23. Prgomet M, Li L, Niazkhani Z, et al. Impact of com-
mercial computerized provider order entry (CPOE) and 
clinical decision support systems (CDSSs) on medica-
tion errors, length of stay, and mortality in intensive 
care units: a systematic review and meta-analysis. J Am 
Med Informatics Assoc. 2017;24:413–422.

 24. Community Preventive Services Task Force. HIV 
Prevention: Clinical Decision Support System to 
Increase HIV Screening Finding and Rationale 
Statement; Published 2020. https://www.thecommuni-
tyguide.org/sites/default/files/assets/HIV-CDSS-508.pdf

 25. The Community Guide. HIV Prevention: Clinical 
Decision Support System to Increase HIV Screening. 
The Community Guide; Published 2020. Accessed 
February 21, 2022. https://www.thecommunityguide.
org/findings/hiv-prevention-clinical-decision-support-
system-increase-hiv- screening

 26. Schulte F, Fry E. Death By A Thousand Clicks: Where 
Electronic Health Records Went Wrong. Kaiser Health 
News; Published 2019. Accessed May 11, 2022. https://
khn.org/news/death-by-a-thousand-clicks/.

 27. Koutkias V, Bouaud J; Section Editors for the IMIA 
Yearbook Section on Decision Support. Contributions 
on clinical decision support from the 2018 literature. 
Yearb Med Inform. 2019;28:135–137.

 28. Blum D, Raj SX, Oberholzer R, et al; EURO IMPACT, 
European Intersectorial Multidisciplinary Palliative 
Care Research Training. Computer-based clinical deci-
sion support systems and patient-reported outcomes: a 
systematic review. Patient. 2015;8:397–409.

 29. Agency for Healthcare Quality and Research. 
Knowledge Levels. About CDS Connect: Patient-
Centered Outcomes Research Clinical Decision 
Support. Accessed April 25, 2022. https://cds.ahrq.
gov/cdsconnect/about

 30. HL7®. FHIR® Clinical Guidelines Implementation 
Guide (CPG IG) (v1.0.0) (STU 1). Accessed May 27, 
2022. http://hl7.org/fhir/uv/cpg/

 31. Lario R, Hasley S, White SA, et al. Utilization of 
BPM+ health for the representation of clinical knowl-
edge: a framework for the expression and assessment 
of Clinical Practice Guidelines (CPG) utilizing exist-
ing and emerging Object Management Group (OMG) 
Standards. AMIA Annu Symp Proc. 2020;2020:687–
696.

 32. McMaster University. GIN-McMaster Guideline 
Development Checklist. Accessed March 17, 2022. https://
cebgrade.mcmaster.ca/guidelinechecklistonline.html

 33. Schünemann F, Meerpohl JJ, Schwingshackl L, et al. 
Guidelines 2.0: systematic development of a compre-
hensive checklist for a successful guideline enterprise. 
Z Evid Fortbild Qual Gesundhwes. 2021;163:76–84.

 34. Agency for Healthcare Research and Quality. Methods 
Guide for Effectiveness and Comparative Effectiveness 
Reviews. 08; 2008. www.ncbi.nlm.nih.gov/books/
NBK47095/

 35. Higgins JPT, Thomas J, Chandler J, et al. Cochrane 
Handbook for Systematic Reviews of Interventions 
- Version 6.3. 6.3. Cochrane; 2022. www.training.
cochrane.org/handbook

 36. Gooch P, Roudsari A. Computerization of workflows, 
guidelines, and care pathways: a review of implementa-
tion challenges for process-oriented health information 
systems. J Am Med Informatics Assoc. 2011;18:738–748.

 37. HL7®. Separating and Defining Case, Plan, and 
Workflow (FHIR® Clinical Guidelines (v1.0.0) (STU1)). 
Accessed March 17, 2022. http://hl7.org/fhir/uv/cpg/doc-
umentation-approach-12-02-separating-and-defining-
case-plan-and-workflow.html.

 38. Wang D, Peleg M, Tu SW, et al. Representation primi-
tives, process models and patient data in computer- 
interpretable clinical practice guidelines: a literature 
review of guideline representation models. Int J Med 
Inform. 2002;68:59–70.

 39. Greenes RA. Clinical Decision Support: The Road to 
Broad Adoption. 2nd ed; 2014.

 40. Musen MA, Middleton B, Greenes RA. Biomedical 
Informatics. 5th ed. Shortliffe EH, Cimino JJ, eds. 
Springer London; 2021.

D
ow

nloaded from
 http://journals.lw

w
.com

/ajm
qonline by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/14/2023

https://www.healthit.gov/topic/safety/clinical-decision-support
https://www.healthit.gov/topic/safety/clinical-decision-support
https://www.thecommunityguide.org/sites/default/files/assets/HIV-CDSS-508.pdf
https://www.thecommunityguide.org/sites/default/files/assets/HIV-CDSS-508.pdf
https://www.thecommunityguide.org/findings/hiv-prevention-clinical-decision-support-system-increase-hiv- screening
https://www.thecommunityguide.org/findings/hiv-prevention-clinical-decision-support-system-increase-hiv- screening
https://www.thecommunityguide.org/findings/hiv-prevention-clinical-decision-support-system-increase-hiv- screening
https://khn.org/news/death-by-a-thousand-clicks/
https://khn.org/news/death-by-a-thousand-clicks/
https://cds.ahrq.gov/cdsconnect/about
https://cds.ahrq.gov/cdsconnect/about
http://hl7.org/fhir/uv/cpg/
https://cebgrade.mcmaster.ca/guidelinechecklistonline.html
https://cebgrade.mcmaster.ca/guidelinechecklistonline.html
www.ncbi.nlm.nih.gov/books/NBK47095/
www.ncbi.nlm.nih.gov/books/NBK47095/
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
http://hl7.org/fhir/uv/cpg/documentation-approach-12-02-separating-and-defining-case-plan-and-workflow.html
http://hl7.org/fhir/uv/cpg/documentation-approach-12-02-separating-and-defining-case-plan-and-workflow.html
http://hl7.org/fhir/uv/cpg/documentation-approach-12-02-separating-and-defining-case-plan-and-workflow.html


Matson-Koffman et al S33

 41. Greenes RA. Medical informatics. an emerging aca-
demic discipline and institutional priority. JAMA J Am 
Med Assoc. 1990;263:1114–1120.

 42. HL7®. Case (FHIR® Clinical Guidelines (v1.0.0) (STU 
1)). Accessed March 17, 2022. http://hl7.org/fhir/uv/
cpg/documentation-approach-12-04-cpg-case.html

 43. Patel VL, Kaufman DR. Cognitive Informatics. 
In: Shortliffe EH, Cimino JJ, eds. Biomedical 
Informatics: Computer Applications in Health Care 
and Biomedicine. Springer International Publishing; 
2021:121–152.

 44. HL7®. Knowledge Engineering Overview (FHIR® 
Clinical Guidelines (v1.0.0) (STU 1)). Accessed 
March 17, 2022. https://hl7.org/fhir/uv/cpg/doc-
umentation-approach-05-knowledge-engineering-
overview.html

 45. Greenes RA, Bates DW, Kawamoto K, et al. Clinical 
decision support models and frameworks: seeking to 
address research issues underlying implementation suc-
cesses and failures. J Biomed Inform. 2018;78:134–
143.

 46. Bergman MK, Lagerstrom-Fife. A Knowledge 
Representation Practionary: Guidelines Based 
on Charles Sanders Peirce. Springer International 
Publishing; 2018. https://books.google.com/
books?id=DppEuQEACAAJ

 47. Boxwala AA, Rocha BH, Maviglia S, et al. A multi-lay-
ered framework for disseminating knowledge for com-
puter-based decision support. J Am Med Informatics 
Assoc. 2011;18:132–139.

 48. HL7®. CPG Guideline and Derivative & Related 
Assets (FHIR® Clinical Guidelines (v1.0.0) (STU1)). 
Accessed February 21, 2022. http://hl7.org/fhir/uv/cpg/
documentation-approach-12-07-cpg-derivative-and-
related-assets.html

 49. Karsh B-T. Clinical Practice Improvement and 
Redesign: How Change in Workflow Can Be 
Supported by Clinical Decision Support; 2009. https://
digital.ahrq.gov/health-it-tools-and-resources/health-
it-bibliography/clinical-decision-support-systems-cdss/
clinic-3

 50. Flodgren G, Hall AM, Goulding L, et al. Tools devel-
oped and disseminated by guideline producers to pro-
mote the uptake of their guidelines. Cochrane Database 
Syst Rev. 2016;8:CD010669.

 51. Lau R, Stevenson F, Ong BN, et al. Achieving change 
in primary care-causes of the evidence to practice 
gap: systematic reviews of reviews. Implement Sci. 
2016;11:40.

 52. Francke AL, Smit MC, De Veer AJE, et al. Factors 
influencing the implementation of clinical guidelines 
for health care professionals: a systematic meta-review. 
BMC Med Inform Decis Mak. 2008;8:1–11.

 53. Prior M, Guerin M, Grimmer-Somers K. The effective-
ness of clinical guideline implementation strategies--a 
synthesis of systematic review findings. J Eval Clin 
Pract. 2008;14:888–897.

 54. Grol R. Successes and failures in the implementation 
of evidence-based guidelines for clinical practice. Med 
Care. 2001;39:II46–II54.

 55. Campbell R. The five “rights” of clinical decision sup-
port cds tools helpful for meeting meaningful use. J 
AmHeal Inf Manag Assoc. 2013;84:42–47.

 56. Davis DA, Taylor-Vaisey A. Translating guidelines 
into practice. a systematic review of theoretic con-
cepts, practical experience and research evidence in 
the adoption of clinical practice guidelines. CMAJ. 
1997;157:408–416.

 57. Centers for Disease Control and Prevention. 
Framework for Program Evaluation in Public Health. 
Vol 48; 1999.

 58. Dearing JW, Cox JG. Diffusion of innovations theory, 
principles, and practice. Health Aff. 2018;37:183–190.
doi.

 59. Cresswell KM, Worth A, Sheikh A. Actor-network the-
ory and its role in understanding the implementation 
of information technology developments in healthcare. 
BMC Med Inform Decis Mak. 2010;10:115–128.doi.

 60. May C, Finch T. Implementing, embedding, and inte-
grating practices: an outline of normalization process 
theory. Sociology. 2009;43:535–554.

 61. Yusof M. HOT-fit framework: Integrating human, 
organisation and technology factors and fit in health 
information systems evaluation. Int J Med Informatics. 
2015;84:486–499.

 62. Yen PY, Bakken S. Review of health information 
technology usability study methodologies. J Am Med 
Informatics Assoc. 2012;19:413–422.

 63. Gulliksen J, Göransson B, Boivie I, et al. Key principles 
for user-centred systems design. Behav Inf Technol. 
2003;22:397–409.

 64. Davis FD, Venkatesh V. Toward preprototype user 
acceptance testing of new information systems: 
Implications for software project management. IEEE 
Trans Eng Manag. 2004;51:31–46.

 65. Siu AL; U S Preventive Services Task Force. Screening 
for abnormal blood glucose and type 2 diabetes mel-
litus: U.S. preventive services task force recommenda-
tion statement. Ann Intern Med. 2015;163:861–868.

 66. Kitson A, Straus SE. The knowledge-to-action cycle: 
identifying the gaps. CMAJ. 2010;182:73–77.doi.

 67. Gupta SK, Gunasekaran A, Antony J, et al. Systematic 
literature review of project failures: current trends 
and scope for future research. Comput Ind Eng. 
2019;127:274–285.

 68. Kerzner H. Project Management: A Systems Approach 
to Planning, Scheduling, and Controlling. 12th ed. 
John Wiley & Sons, Inc; 2017.

 69. U.S. Preventive Services Task Force. Screening for abnormal 
blood glucose and type 2 diabetes mellitus: recommenda-
tion statement. Am Fam Physician. 2016;93:132A–132D.

 70. University of Maryland. The PICOTS Framework: 
How to Write a Research Question. PCORI. Accessed 
February 21, 2022. https://www.pcori.org/engagement/

D
ow

nloaded from
 http://journals.lw

w
.com

/ajm
qonline by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/14/2023

http://hl7.org/fhir/uv/cpg/documentation-approach-12-04-cpg-case.html
http://hl7.org/fhir/uv/cpg/documentation-approach-12-04-cpg-case.html
https://hl7.org/fhir/uv/cpg/documentation-approach-05-knowledge-engineering-overview.html
https://hl7.org/fhir/uv/cpg/documentation-approach-05-knowledge-engineering-overview.html
https://hl7.org/fhir/uv/cpg/documentation-approach-05-knowledge-engineering-overview.html
https://books.google.com/books?id=DppEuQEACAAJ
https://books.google.com/books?id=DppEuQEACAAJ
https://digital.ahrq.gov/health-it-tools-and-resources/health-it-bibliography/clinical-decision-support-systems-cdss/clinic-3
https://digital.ahrq.gov/health-it-tools-and-resources/health-it-bibliography/clinical-decision-support-systems-cdss/clinic-3
https://digital.ahrq.gov/health-it-tools-and-resources/health-it-bibliography/clinical-decision-support-systems-cdss/clinic-3
https://digital.ahrq.gov/health-it-tools-and-resources/health-it-bibliography/clinical-decision-support-systems-cdss/clinic-3
https://digital.ahrq.gov/health-it-tools-and-resources/health-it-bibliography/clinical-decision-support-systems-cdss/clinic-3
https://digital.ahrq.gov/health-it-tools-and-resources/health-it-bibliography/clinical-decision-support-systems-cdss/clinic-3
https://digital.ahrq.gov/health-it-tools-and-resources/health-it-bibliography/clinical-decision-support-systems-cdss/clinic-3
https://www.pcori.org/engagement/engagement-resources/Engagement-Tool-Resource-Repository/picots-framework-how-write


 American Journal of Medical Quality 38(5S)S34

engagement-resources/Engagement-Tool-Resource-
Repository/picots-framework-how-write

 71. Hastings C, Fisher CA. Searching for proof: creating 
and using an actionable PICO question. Nurs Manage. 
2014;45:9–12.

 72. Stillwell SB, Fineout-Overholt E, Melnyk BM, et al. 
Evidence-based practice, step by step: asking the clini-
cal question: a key step in evidence-based practice. Am 
J Nurs. 2010;110:58–61.

 73. Elliott JH, Synnot A, Turner T, et al; Living Systematic 
Review Network. Living systematic review: 1. 
Introduction—the why, what, when, and how. J Clin 
Epidemiol. 2017;91:23–30.

 74. Vaidya N, Thota AB, Proia KK, et al. Practice-Based 
evidence in community guide systematic reviews. Am J 
Public Health. 2017;107:413–420.

 75. Kaiser K, Miksch S. Versioning computer-interpreta-
ble guidelines: Semi-automatic modeling of “Living 
Guidelines” using an information extraction method. 
Artif Intell Med. 2009;46:55–66.

 76. U.S. Preventive Services Task Force. Archived: 
Abnormal Blood Glucose and Type 2 Diabetes 
Mellitus: Screening. United States Preventive Services 
Taskforce. Accessed March 17, 2022. https://www.
uspreventiveservicestaskforce.org/uspstf/recommenda-
tion/screening-for-abnormal-blood-glucose-and-type-
2-diabetes-october-2015

 77. Implementation Guide: Abnormal Blood Glucose 
and Type 2 Diabetes Mellitus: Part One, Screening; 
2021.Accessed April 28, 2022. https://cds.ahrq.gov/
sites/default/files/cds/artifact/1061/IG Abnormal Blood 
Glucose Type 2 DM Screening.pdf

 78. Agency for Healthcare Quality and Research. CDS 
Connect Repository. Accessed March 17, 2022. https://
cds.ahrq.gov/cdsconnect/repository

 79. Casey D. Principles of Guideline-Driven PPM Informatics. 
In: Adam T, Aliferis C, eds. Personalized and Precision 
Medicine Informatics. Springer Nature Switzerland 
AG; 2020:31–38. https://link.springer.com/chapter/ 
10.1007/978-3-030-18626-5_3

 80. Kannan V, Basit MA, Bajaj P, et al. User stories as 
lightweight requirements for agile clinical decision 
support development. J Am Med Informatics Assoc. 
2019;26:1344–1354.

 81. Van Dort BA, Zheng WY, Baysari MT. Prescriber per-
ceptions of medication-related computerized decision 
support systems in hospitals: a synthesis of qualitative 
research. Int J Med Inform. 2019;129:285–295.

 82. CDS Connect Pilot Report. Preventive Health CDS 
Interventions; 2019. Accessed May 3, 2022. https://
cds.ahrq.gov/sites/default/files/cds/artifact/1061/CDS 
Connect_Year 3 Pilot Report_Final.pdf

 83. Martínez García L, Sanabria AJ, García Álvarez E, et 
al; Updating Guidelines Working Group. The validity 
of recommendations from clinical guidelines: a survival 
analysis. CMAJ. 2014;186:1211–1219.

 84. HL7®. FHIR® Clinical Guidelines: Agile CPG 
Development Approach. Accessed May 27, 2022. 
http://hl7.org/fhir/uv/cpg/documentation-approach-
05-06-agile-cpg-development-approach.html

 85. HL7®. Methodology Example COVID-19 Severity 
Classification (FHIR® Clinical Guidelines (v1.0.0) 
(STU1)). Accessed February 21, 2022. http://hl7.org/
fhir/uv/cpg/methodology-case-study.html

 86. Clinical Architecture LLC. COVID-19 Interoperability 
Alliance. Accessed April 25, 2022. https://covid19ia.
org/

 87. Morgan RL, Florez I, Falavigna M, et al. Development 
of rapid guidelines: 3. GIN-McMaster guideline devel-
opment checklist extension for rapid recommenda-
tions. Heal Res Policy Syst. 2018;16:1–12.

 88. The Community Guide. TFFRS - HIV Prevention: 
Clinical Decision Support System to Increase HIV 
Screening. The Community Guide; Published 2020. 
Accessed February 21, 2022. https://www.thecom-
munityguide.org/content/tffrs-hiv-prevention-clinical-
decision-support-system- increase-hiv-screening

 89. Department of Health and Human Services; The Office 
of the National Coordinator for Health Information 
Technology (ONC). 2018 Report to Congress - 
Annual Update on the Adoption of a Nationwide 
System for the Electronic Use and Exchange of Health 
Information; 2018. https://www.healthit.gov/sites/
default/files/page/2018-12/2018-HITECH-report-to-
congress.pdf

 90. Vandvik PO, Brandt L, Alonso-Coello P, et al. Creating 
Clinical Practice Guidelines We Can Trust, Use, and 
Share. Chest. 2013;144:381–389.

D
ow

nloaded from
 http://journals.lw

w
.com

/ajm
qonline by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/14/2023

https://www.pcori.org/engagement/engagement-resources/Engagement-Tool-Resource-Repository/picots-framework-how-write
https://www.pcori.org/engagement/engagement-resources/Engagement-Tool-Resource-Repository/picots-framework-how-write
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/screening-for-abnormal-blood-glucose-and-type-2-diabetes-october-2015
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/screening-for-abnormal-blood-glucose-and-type-2-diabetes-october-2015
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/screening-for-abnormal-blood-glucose-and-type-2-diabetes-october-2015
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/screening-for-abnormal-blood-glucose-and-type-2-diabetes-october-2015
https://cds.ahrq.gov/sites/default/files/cds/artifact/1061/IG Abnormal Blood Glucose Type 2 DM Screening.pdf
https://cds.ahrq.gov/sites/default/files/cds/artifact/1061/IG Abnormal Blood Glucose Type 2 DM Screening.pdf
https://cds.ahrq.gov/sites/default/files/cds/artifact/1061/IG Abnormal Blood Glucose Type 2 DM Screening.pdf
https://cds.ahrq.gov/cdsconnect/repository
https://cds.ahrq.gov/cdsconnect/repository
https://link.springer.com/chapter/10.1007/978-3-030-18626-5_3
https://link.springer.com/chapter/10.1007/978-3-030-18626-5_3
https://cds.ahrq.gov/sites/default/files/cds/artifact/1061/CDS Connect_Year 3 Pilot Report_Final.pdf
https://cds.ahrq.gov/sites/default/files/cds/artifact/1061/CDS Connect_Year 3 Pilot Report_Final.pdf
https://cds.ahrq.gov/sites/default/files/cds/artifact/1061/CDS Connect_Year 3 Pilot Report_Final.pdf
http://hl7.org/fhir/uv/cpg/documentation-approach-05-06-agile-cpg-development-approach.html
http://hl7.org/fhir/uv/cpg/documentation-approach-05-06-agile-cpg-development-approach.html
http://hl7.org/fhir/uv/cpg/methodology-case-study.html
http://hl7.org/fhir/uv/cpg/methodology-case-study.html
https://covid19ia.org/
https://covid19ia.org/
https://www.thecommunityguide.org/content/tffrs-hiv-prevention-clinical-decision-support-system- increase-hiv-screening
https://www.thecommunityguide.org/content/tffrs-hiv-prevention-clinical-decision-support-system- increase-hiv-screening
https://www.thecommunityguide.org/content/tffrs-hiv-prevention-clinical-decision-support-system- increase-hiv-screening
https://www.healthit.gov/sites/default/files/page/2018-12/2018-HITECH-report-to-congress.pdf
https://www.healthit.gov/sites/default/files/page/2018-12/2018-HITECH-report-to-congress.pdf
https://www.healthit.gov/sites/default/files/page/2018-12/2018-HITECH-report-to-congress.pdf

	An Integrated Process for Co-Developing and Implementing Written and Computable Clinical Practice Guidelines
	Let us know how access to this document benefits you
	Authors

	tmp.1694718865.pdf.0L6UC

