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Abstract: The digitization of medical guidelines represents a critical inflection point for healthcare organizations seeking to
embed evidence-based practice into routine clinical operations. Despite significant investment in health information
technology, the adoption of digitized clinical guidelines remains fragmented, inconsistently implemented, and poorly aligned
with operational workflows. Existing frameworks address electronic health record adoption or interoperability maturity, but
none specifically characterize the progressive stages through which organizations navigate the digitization and embedding of
medical guidelines into clinical decision support and care delivery systems. This article proposes a structured Maturity
Model for Medical Guideline Digitization Adoption (MMGDA), comprising five stages: ad hoc awareness, structured
documentation, system integration, workflow-embedded intelligence, and continuous optimization. Drawing on literature
from clinical informatics, knowledge management, and enterprise care platform delivery, the model provides healthcare
organizations with a diagnostic instrument for assessing their current state and a roadmap for advancing toward guideline-
driven, automated clinical intelligence. The model is particularly relevant to health plans, care management organizations,
and integrated delivery networks operating on enterprise care operations platforms. Practical implications include
prioritization of digitization investments, identification of capability gaps, and alignment of clinical and IT governance. The
model advances academic understanding of health IT maturity beyond infrastructure readiness to encompass knowledge
operationalization as a distinct and measurable organizational capability.

Keywords: Medical Guideline Digitization, Clinical Decision Support, Health It Maturity Model, Knowledge
Operationalization, Care Operations Platform, Clinical Workflow Optimization, Evidence-Based Practice Adoption

1. Introduction preconditions for the wider digitization of

Clinical practice guidelines are developed guidelines. However, technical capability is not a

statements in a systematic fashion, which are meant
to guide clinicians and patients in making sound
decisions regarding how to approach specific
clinical situations. These guidelines have been

sufficient explanation of adoption trajectories.
Companies vary significantly with respect to how
they govern clinical knowledge management, how
they incorporate guideline logic into clinical
decision support (CDS) systems, and how they can
monitor, update, and streamline guideline content
in the long term [2]. These variations are reflected
in care quality variations, imprecise risk
stratification, and

proven to be of value in minimizing unnecessary
clinical variability, enhancing patient outcomes,
and reducing the costs of suboptimal care delivery

[1]. Nevertheless, the translation of published

inefficient utilization

guidelines into workflow-based, practical clinical
intelligence remains one of the least resolved and
most recurrent problems in health information
technology. The majority of healthcare Maturity models have been demonstrated as useful
organizations are in a state where guidelines are in describing the sequential evolution of

administration—especially in health plan and care
management settings.

found in published repositories but are seldom
surfaced at the point of care in a timely,
contextually relevant, and system-native way.

The proliferation of electronic health records, care
management platforms, and interoperability
frameworks  has  provided the technical

Independent Researcher, USA

organizational capacity in various health IT areas,
including EHR  adoption, interoperability
preparedness, and population health management.
Nonetheless, there is no proven maturity model that
deals with digitization of medical guidelines as a
specific capability domain. This disconnect
restricts the capability of organizations to compare
their status quo, determine rates of investment
priorities, and describe a plausible development
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pathway. Lack of such a framework also hinders
comparative research on guideline adoption and its
association with care outcomes [3].

This article addresses the gap by proposing a five-
stage Maturity Model for Medical Guideline
Digitization Adoption (MMGDA). The model is
grounded in the clinical informatics and knowledge
management literature and draws on the
operational experience characteristic of enterprise
care operations platform environments. The article
is structured as follows: Section 2 reviews the
literature on clinical guideline adoption and health
IT maturity models; Section 3 presents the
MMGDA framework; Sections 4 through 6
elaborate key maturity dimensions; Section 7
discusses governance and interoperability; and the
conclusion  synthesizes
implications.

contributions and

2. Literature Review: Guideline Adoption and
Maturity Frameworks in Health IT

The challenge of translating clinical guidelines into
practice has been extensively documented. A
widely cited barrier framework identified
awareness, familiarity, agreement, self-efficacy,
outcome expectancy, and inertia as factors limiting
physician guideline adherence—a characterization
that remains analytically relevant in the digital era
[4]. More recent work has broadened this analysis
to include system-level barriers, noting that
organizational infrastructure, workflow integration,
and feedback mechanisms are at least as
determinative of adoption as clinician-level factors

[1].

In the domain of clinical decision support, the
HIMSS Analytics Electronic Medical Record
Adoption Model (EMRAM) and its ambulatory
equivalent have provided valuable benchmarks for
EHR maturity but do not capture the degree to
which CDS logic reflects current, structured
guideline content [5]. Similarly, the Office of the
National Coordinator for Health Information
Technology has advanced interoperability maturity
frameworks that address data exchange capacity
without specifically addressing the knowledge

layer—whether guidelines have been formalized,
encoded, and operationalized within those
exchange-capable systems [6].

The HL7 Clinical Quality Language (CQL) and
Fast Healthcare Interoperability Resources (FHIR)-
based knowledge artifacts represent significant
advances in the technical standards for guideline
formalization [7]. The CDS Hooks specification
has further articulated architectures for delivering
guideline-derived recommendations at the point of
care. However, these technical frameworks
presuppose that organizations vary considerably in
their readiness, which has not been systematically
characterized. The literature has not yet produced a
maturity model that connects the availability of
technical standards with the ability of organizations
to adopt them [2].

Prior maturity models in adjacent domains offer
instructive antecedents. The Analytics Maturity
Model advanced by the Healthcare Information and
Management Systems Society characterizes stages
from descriptive to prescriptive intelligence [5].
Health management frameworks for populations
similarly describe progression from reactive case
identification to  proactive, analytics-driven
population management [8]. These models share
the characteristic of staging organizational
capability along The The The dimensions of
process formalization, technology integration, data
governance, and continuous improvement are the
ones that translate meaningfully to the context of
guideline digitization.
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Coverage of Gap
guideline knowledge | addressed by
layer MMGDA

Coverage of CDS

Framework Primary focus .
logic

EHR infrastructure Partial—alerts and Not addressed — no

HIMSS EMRAM . order sets structured guideline Yes
adoption )
acknowledged encoding stage
Not addressed —
ONC fi dat
. Health data exchange ocuses onl catd
Interoperability . Not addressed transport, not Yes
. capacity
Maturity knowledge
operationalization
Implicit only—

. Descriptive-to- . uideline
HIMSS Analytics .p . . Implied at & L
. prescriptive analytics . formalization, not a Yes
Maturity Model . prescriptive stage . .
progression discrete capability
domain
Population Health . . Partial guideline
P Reactive-to-proactive Present at advanced g
Management adherence referenced | Yes
care management stages
Frameworks but not staged
Medical guideline
L .g Central — staged Fully addressed
MMGDA digitization as a .
o from informal alerts | across five N/A (fills gap)
(proposed) standalone capability . .
domain to adaptive CDS progressive stages

Table 1. Comparison of existing health IT maturity frameworks and their coverage of guideline
digitization [2, 5, 6, 9]

3. The MMGDA Framework: Architecture and continuous optimization. The model is meant to be
Design Principles applicable in various organizational settings such

The Maturity Model of Medical Guideline as health plans, integrated delivery networks,

Digitization Adoption is organized into five
progressive phases, with each phase being defined
by specific capabilities in four dimensions,
including knowledge governance, technical
integration,  workflow  embeddedness, and

accountable care organizations, and care
management vendors in enterprise care operations
platforms. Figure 1 presents the five-stage
progression and the four cross-cutting capability
dimensions used to assess maturity at each stage.

International Journal of Intelligent Systems and Applications in Engineering LJISAE, 2026, 14(1s), 1362-1371 | 1364




Maturity Model for Medical Guideline Digitization Adoption (MMGDA)

Five-Stage Progression Across Four Capability Dimensions

Structured

Stage 1 Documentation

Ad Hoc
Awareness

Guidelines encoded in

g Maturity = K

Stage 3

Stage 5

Stage 4 Continuous

Workflow-Embedded

Optimization

Intelligence

Closed-loop surveillance;
ML-assisted pattern
detection; outcomes
Context-sensitive COS: linked govemnance
governance with version
control; acceptance
rates monitored

COL / FHIR; CDS alerts

Farmal inventary and
ownership; repository
accessible but not
Guidelines exist in
documents; no formal
inventary of CDS logic

and order sets active

Capability Dimensions Assessed at Every Stage

Technical
Integration

Knowledge
Governance

Workflow
Embeddedness

Continuous
Optimization

Fig 1: The MMGDA framework—five progressive stages of medical guideline digitization maturity,
assessed across four cross-cutting capability dimensions.

Stage 1 (Ad Hoc Awareness) is used to describe
organizations where the clinical guidelines are
published or printed but are not formally organized
as an organizational knowledge resource. Guideline
content awareness is not stable across the clinical
staff, and there is no formal guideline selection,
currency review, or adoption monitoring. In the
case of absence, the presence of clinical decision
support is confined to simplistic alert logic based
on non-structured guideline content [4].

Stage 2 (Structured Documentation) is the
characteristic of organizations that have embarked
on formalizing guideline inventories and attributing
ownership particular quality
departments and have developed review cycles.

to clinical or

repositories, and there is growing congruence
between guidance content and quality measurement
initiatives. Guideline logic has, however, not yet
been represented in machine-readable form or
incorporated into clinical systems [9].

Stage 3 (System Integration) characterizes
organizations that have started to encode guideline
content in structured, computable forms—e.g.,
CQL expressions, FHIR knowledge artifacts, or
proprietary CDS rule engines—and combine these
artifacts with EHR or care management platforms
[7]. Guideline content starts to be displayed in CDS
alerts and order sets, but implementation can be
partial and workflow fit can be suboptimal. Stages
4 and 5 are discussed below.

Guidelines are recorded in easily accessible
Stage Knowledge Technical Workflow Continuous
g governance integration embeddedness optimization
No formal A .
. ¢ Guidelines exist in
inventory; o
. Y Absent or limited | documents only L
Stage 1 — Ad hoc | guideline No monitoring or
to unstructured and are not

awareness awareness . . update process
. . alert logic surfaced at point of
inconsistent across

care

staff
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Accessible

Formal inventory . Guidelines .
. repository; . Review cycles
Stage 2 — created; ownership . . accessible butnot | . ..
. . alignment with . initiated; no
Structured assigned to clinical . embedded in
. . quality .. feedback loops
documentation or quality clinical system
measurement yet
departments . workflows
programs begins
CDS alerts and Integration

Stage 3 — System

Guidelines encoded
in computable

order sets active
within EHR or

Partial—guideline
content surfaced

monitoring in
early stages;

integration formats (CQL, but workflow fit
. care management . CDS coverage
FHIR artifacts) may be suboptimal
platform tracked
Patient-context- Guideline logic CDS acceptance
Formal CDS ... . . & .p .
Stage 4 — sensitive CDS; integrated into care | rate monitoring;
content governance . . S
Workflow- . ) alert fatigue planning, clinician
with version e .
embedded mitigation; documentation, feedback
. . control and update . .
intelligence protocol-based and authorization | mechanisms
processes o . )
authorization logic | workflows active
Outcomes
.. Automated ..
Anticipatory . s analytics linked
evidence Guideline
governance; . . . to CDS
Stage 5 — .. surveillance; intelligence .
] clinical knowledge . . recommendation
Continuous machine learning- | embedded across Cy
o management ) . s; guideline
optimization . ) assisted care the full continuum
committee with currency
. .. pattern of care i
analytics capability | . . . continuously
identification .
verified

Table 2. MMGD A five-stage overview: defining characteristics across key capability dimensions [1, 2, 4, 7, 9]

4. Stage 4 — Workflow-Embedded Clinical
Intelligence

Stage 4 of the MMGDA is a qualitative transition
between system integration and actual workflow
embeddedness. Guideline-based logic is not only
present in the clinical system at this stage but is
also brought to the foreground contextually and in
the point of clinical decision-making. The
difference is analytically important: most
organizations reach the level of Stage 3 integration
and believe that they have attained substantial
guideline adoption, yet in fact clinicians are
circumventing alerts, disregarding order sets, or
oblivious to the fact that the system
recommendations are guideline-based. Stage 4
involves deliberate workflow construction that
integrates guideline provision with clinical thinking
and time limitations [10].

Core features of Stage 4 are patient-context-

sensitive CDS, which eliminates superfluous

recommendations, alleviates alert fatigue by

ranking risks, and presents guideline material
within the normal flow of documentation and care
planning processes. Stage 4 in the context of care
management and health plans take the form of
automated care gap detection, protocol-based
authorization logic, and guideline-based care plan
templates dynamically updated with member health
data [2]. The operations platform of enterprise care
is at the middle of the enabling role here and offers
the data infrastructure and workflow orchestration
layer to offer guideline intelligence throughout the
entire continuum of care.

Stage 4 also has organizational capabilities such as
having a structured governance of CDS content
management in terms of version control in
accordance with guideline wupdating, -clinician
feedback mechanisms, and monitoring of CDS
acceptance rates. It has been discovered that those
organizations whose structure of governance on
CDS is formal display much higher levels of
guideline adherence in comparison with those that
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govern CDS material informally [10]. This
highlights that workflow
embeddedness is not only a technical success but
also needs long-term investment in governance.

observation

Stage 3 to Stage 4 is often the hardest transition
during the maturity progression. It involves cross-
functional partnership of clinical informatics teams,

workflow planners, quality officers, and frontline
clinicians. Competences of change management are
no less significant than technical ones. These
companies have generally demonstrated better
quality metric outcomes, decreased clinical
variation, and greater adherence to the use of EHR
when compared with evidence-based care standards

[11].

Dimension

Stage 3 — System integration

Stage 4 — Workflow-embedded
intelligence

CDS delivery mode

Alerts and order sets present in the
system; they may be generic or
context-independent

Patient-context-sensitive
recommendations surfaced within
normal documentation and care
planning flow

Alert fatigue
management

Limited—alert volume may be
unfiltered; override rates not
systematically tracked

Risk-prioritized; superfluous
recommendations suppressed; clinician
acceptance rates monitored

Governance of CDS
content

Ad hoc or informal; updates
triggered by external publication
cycles rather than internal review

Formal governance structure with
defined version control, ownership, and
update scheduling

Organizational
capabilities required

Clinical informatics and IT
integration capacity

Cross-functional partnership: clinical
informatics, workflow designers, quality
officers, and frontline clinicians

Care management
application

Guideline content partially encoded
in care management platform;
manual review still dominant

Automated care gap detection, protocol-
based authorization logic, guideline-
based care plan templates

Clinician experience

Clinicians may circumvent alerts or
be unaware recommendations are
guideline-derived

Guideline logic integrated into clinical
thinking and time constraints; CDS is
contextually appropriate

Table 3. Distinguishing characteristics of Stage 3 (system integration) versus Stage 4 (workflow-
embedded intelligence) [2, 7, 10, 11]

5. Stage 5 — Continuous Optimization and
Adaptive Intelligence

Stage 5 represents the frontier of guideline
digitization maturity, characterized by a closed-
loop system in which guideline performance is
continuously monitored, evidence updates are
proactively tracked, and the knowledge base is
refined through both external evidence synthesis
and internal outcomes data. At this stage, the
organization operates a living clinical knowledge
infrastructure rather than a static repository of
encoded rules. This distinction reflects a
fundamentally different organizational relationship
with clinical knowledge, one in which the

knowledge base is treated as a dynamic asset
subject to the same rigor as financial or operational
data [12].

Technical capabilities at Stage 5 include automated
surveillance of guideline currency against major
evidence  databases and clinical  society
publications, machine learning-assisted
identification of care patterns that may signal
guideline deficiency, and outcomes analytics that
link specific CDS recommendations to measurable
patient and population health outcomes. In the
context of enterprise care operations platforms,
Stage 5 may also include predictive analytics that

International Journal of Intelligent Systems and Applications in Engineering

LISAE, 2026, 14(1s), 1362-1371 | 1367



surface emerging guideline relevance based on
population risk profiles [13].

Governance at Stage 5 shifts from reactive to
anticipatory. Clinical knowledge management
committees are empowered with data analytics
capabilities that allow them to assess the real-world
performance of encoded guidelines, identify
systematic adherence failures, and prioritize update
investments based on clinical impact projections.
This governance architecture requires dedicated
clinical informatics expertise, data engineering
capacity, and executive sponsorship of a
knowledge management program positioned as a
strategic function [9].

Few healthcare organizations have achieved Stage
5 maturity in any comprehensive sense, though
elements of adaptive intelligence are visible in
leading academic medical centers, advanced health
plan care management programs, and technology-
forward integrated delivery networks. The practical
value of articulating Stage 5 in the MMGDA is not
to present it as an immediately attainable standard
for most organizations but to define the trajectory
of the field and establish the conditions under
which guideline digitization becomes a genuine
driver of population health outcomes improvement

[8].

6. Applying the MMGDA in Enterprise Care
Operations Contexts

The practical application of the MMGDA is
especially relevant for health plans and care
management organizations that operate enterprise
care operations platforms. These organizations
manage large member populations across complex
care pathways and are subject to regulatory
expectations — from NCQA, URAC, and CMS —
that are increasingly tied to evidence-based care
standards. The ability to demonstrate systematic
guideline adoption, encoded into operational
workflows, is becoming a core accreditation and
compliance expectation rather than a quality
improvement aspiration [14].

For health plan medical management departments,
the MMGDA provides a structured framework for
prioritizing utilization management and
investments in digitizing care management.
Organizations at Stage 2 or 3 typically experience
high manual labor costs in prior authorization and
care coordination functions because guideline logic

has not been sufficiently encoded to support
automated or semi-automated decision pathways.
Advancing to Stage 4 in these functional areas can
yield substantial operational efficiency gains while
simultaneously improving consistency of evidence-
based authorization decisions [15].

In integrated delivery networks and physician
group practices, the MMGDA application supports
alignment between quality improvement programs
and CDS infrastructure investments. Quality
departments  frequently  maintain  guideline
registries that are analytically disconnected from
the CDS tools used by clinicians. The MMGDA
surfaces this disconnection as a Stage 2 to Stage 3
transition challenge and provides vocabulary for
cross-departmental dialogue about the governance,
technical, and workflow investments required to
close the gap [3].

Implementation of the MMGDA as an
organizational assessment instrument should
involve structured evaluation across all four
dimensions for each major guideline domain in
scope. Organizations frequently discover that
maturity is uneven across domains: they may be at
Stage 4 for diabetes management guidelines but at
Stage 2 for behavioral health integration protocols.
Recognizing and addressing this heterogeneity is
essential for a coherent digitization roadmap that
allocates resources to the areas of greatest clinical
and operational impact [11].

7. Governance, Interoperability, and the Role of
FHIR-Based Standards

Effective guideline digitization is inseparable from
interoperability infrastructure. The ability to
encode guideline logic in computable, portable
formats—and to deploy that logic consistently
across heterogeneous clinical systems—depends on
the adoption of standardized knowledge
representation frameworks. The FHIR Clinical
Reasoning module supports the representation of
quality measures, CDS rules, and care protocols as
FHIR resources, and has emerged as the dominant
technical standard for interoperable guideline
digitization in the United States healthcare context
[7]. CDS Hooks, a complementary specification,
enables real-time invocation of external guideline
logic services within EHR workflows.

Governance frameworks must keep pace with
technical standards' evolution. Organizations that
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encode guideline content in proprietary rule engine
formats risk version lock-in and face significant
migration costs when platform upgrades require
knowledge re-authoring. A  standards-aligned
knowledge  governance  strategy—one  that
maintains guideline artifacts in portable, FHIR-
compatible representations—reduces these
migration risks and supports the interoperability
required for care coordination across organizational
boundaries [16].

The clinical knowledge governance function must
also address guideline provenance and authority.
Not all guidelines are of equal quality or currency,
and organizations must establish criteria for source
selection, evidence grading, and conflict resolution
when guidelines from different authoritative bodies
address the same clinical question with divergent
recommendations. The discontinuation of the
National Guideline Clearinghouse in 2018 created

an institutional gap in guideline quality curation
that organizations have filled with varying degrees
of rigor [17]. A mature MMGDA governance
structure explicitly addresses this curation function
as a prerequisite for trustworthy CDS.

Interoperability also extends to the organizational
boundaries between health plans and their provider
networks. As value-based care arrangements
increasingly require shared accountability for
guideline adherence, the ability to exchange
computable guideline artifacts—rather than static
PDF documents—across organizational boundaries
becomes a strategic capability. Organizations at
Stage 4 and Stage 5 maturity are better positioned
to participate in shared guideline repositories,
collaborative quality programs, and payer-provider
alignment initiatives that depend on consistent
encoding and application of evidence-based
standards [6].

Governance

. Description
requirement

Enabling standard

Risk if unaddressed .
or mechanism

Formal criteria for selecting
authoritative guideline
Guideline source
selection and
authority criteria

grading methodology and
process for resolving

across issuing bodies

sources, with defined evidence

conflicting recommendations

Guidelines
Inconsistent or International
Network standards;

internal clinical

untrustworthy CDS;
clinician distrust of
system recommendations | governance

committee charter

Encoding guideline logic in

HL7 FHIR Clinical

logic

Computable . Version lock-in and high | Reasoning module;
portable, standards-aligned ) . )
knowledge . re-authoring costs during | CQL expressions;
. formats rather than proprietary D .
representation ) platform migrations FHIR knowledge
rule engine syntax .
artifacts
Systematic monitoring of .
Y o & CDS delivering
Cy encoded guideline content Automated
Guideline . . . superseded . .
against major evidence . surveillance tooling;
currency . . recommendations; .
. databases and clinical society defined review cycle
surveillance regulatory non-

publications to detect outdated

. . overnance polic
compliance risk g Potiey
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Maintaining audit trail of

Inability to audit CDS

FHIR resource
metadata and

shared accountability

programs

Version control guideline artifact versions, decisions; failure to versioning;

and provenance update history, authoring demonstrate evidence knowledge

tracking responsibility, and source basis during accreditation | management
citation for every encoded rule | review platform with

provenance tracking

Encoding guidelines in . . .
formats tghit can be exchaneed Inability to participate in SMART on FHIR;

Cross- . & shared guideline CDS Hooks;

. ... | across payer-provider and L )

organizatiportabili . repositories or interoperable
network boundaries to support . . .

ty collaborative quality knowledge artifact

exchange

arrangements

Table 4. Key clinical knowledge governance requirements for organizations advancing toward MMGDA Stage
4-5, with associated interoperability considerations [7, 9, 16, 17]

Conclusion

The Maturity Model for Medical
Digitization Adoption proposed in this article
addresses a substantive gap in the health IT
literature. By characterizing five
progressive stages of guideline digitization
capability — from ad hoc awareness to continuous
optimization — the MMGDA provides healthcare
organizations with both a diagnostic instrument and

Guideline

maturity

a strategic roadmap for advancing evidence-based
practice into the operational fabric of care delivery.
The model is distinguished from existing health IT
maturity frameworks by its specific focus on the
knowledge operationalization layer: the processes,
governance structures, technical integrations, and
workflow designs through which published
guidelines become actionable clinical intelligence.

The practical relevance of the MMGDA is acute
for health plans, care management organizations,
and integrated delivery networks operating
enterprise care operations platforms, where the gap
between guideline publication and guideline-
embedded workflow remains a persistent source of
care variation, authorization inconsistency, and
quality measurement underperformance. The model
provides a shared vocabulary for cross-functional
stakeholders — clinical, technical, operational, and
executive — to align around a coherent digitization
agenda.

Future research should validate the MMGDA
empirically through multi-site assessment studies
and examine the relationship between maturity
stage and measurable outcomes, including CDS

adoption rates, quality metric performance, and
care variation indices. As guideline digitization
standards mature and FHIR-based knowledge
infrastructure becomes more broadly available, the
MMGDA will require iterative refinement to
reflect the evolving technical and organizational
landscape.
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