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A Systematic Review

Ellen X. Y. Hu(®, Evelien S. van Hoorn(>, Isabel R. A. Retel Helmrich,
Susanne Muehlschlegel, Judith A. C. Rietjens, and Hester F. Lingsma

Background. Prognostic models are crucial for predicting patient outcomes and aiding clinical decision making.
Despite their availability in acute neurologic care, their use in clinical practice is limited, with insufficient reflection
on reasons for this scarce implementation. Purpose. To summarize facilitators and barriers among clinicians affecting
the use of prognostic models in acute neurologic care. Data Sources. Systematic searches were conducted in Embase,
Medline ALL, Web of Science Core Collection, and Cochrane Central Register of Controlled Trials from inception
until February 2024. Study Selection. Eligible studies included those providing clinicians’ perspectives on the use of
prognostic models in acute neurologic care. Data Extraction. Data were extracted concerning study characteristics,
study aim, data collection and analysis, prognostic models, participant characteristics, facilitators, and barriers. Risk
of bias was assessed using the Qualsyst tool. Data Synthesis. Findings were structured around the Unified Theory of
Acceptance and Use of Technology framework. Identified facilitators included improved communication with
patients and surrogate decision makers (n = 9), reassurance of clinical judgment (n = 6) perceived improved patient
outcomes (n = 4), standardization of care (n = 4), resource optimization (n = 3), and extension of clinical knowl-
edge (n = 3). Barriers included perceived misinterpretation during risk communication (n = 3), mistrust in data (n
= 3), perceived reduction of clinicians’ autonomy (n = 3), and ethical considerations (» = 2). In total, 15 studies
were included, with all but 1 demonstrating good methodological quality. None were excluded due to poor quality
ratings. Limitations. This review identifies limitations, including study heterogeneity, exclusion of gray literature, and
the scarcity of evaluations on model implementation. Conclusions. Understanding facilitators and barriers may
enhance prognostic model development and implementation. Bridging the gap between development and clinical use
requires improved collaboration among researchers, clinicians, patients, and surrogate decision makers.

Highlights

e This is the first systematic review to summarize published facilitators and barriers affecting the use of
prognostic models in acute neurologic care from the clinicians’ perspective.

e Commonly reported barriers and facilitators were consistent with several domains of the Unified Theory of
Acceptance and Use of Technology model, including effort expectancy, social influence, and facilitating
conditions, with the focus on the performance expectancy domain.

e Future implementation research including collaboration with researchers from different fields, clinicians,
patients, and their surrogate decision makers may be highly valuable for future model development and
implementation.
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Neurologic disorders are one of the leading causes of dis-
ability and the second leading cause of mortality world-
wide.! Acute neurologic disorders refer specifically to
neurologic conditions that have a sudden onset and
require urgent medical attention. Examples of acute neu-
rologic disorders include traumatic brain injury (TBI),
stroke, and subarachnoid hemorrhage, which represent a
significant burden on society and health care systems.*”
These conditions can result in severe disability or even
death if not managed promptly and effectively.

The ability to accurately predict individual patient
outcomes in acute neurologic conditions is therefore of
importance for clinical practice. Acute neurologic condi-
tions are heterogeneous in terms of cause, severity, and
prognosis. Consequently, the heterogeneous nature leads
to challenges in the field of prognostic research since dis-
ease pathways and individual outcomes can be highly
variable.* Furthermore, clinical decision making in acute
neurologic care can be challenging, given that patients
often do not have the capacity to make medical decisions
themselves, excluding them from discussions about their
treatment.’ Therefore, family members or other surro-
gate decision makers are asked to assume the role of
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surrogate decision makers and use substituted judgment
on behalf of the patient but are often too shocked or
unprepared to do so. As a result, surrogate decision
makers might not be able to apply substituted judgment
appropriately to foresee which course of treatment the
patient would prefer.®

In these acute situations, prognostic models may be
applied to predict potential patient outcomes. A prognos-
tic model is a combination of multiple prognostic factors
that predict a specific endpoint of future clinical outcome
in individual patients.” The prognostic model converts
the combination of predictive variables to estimate the
risk of an endpoint within a specific period.® The use of
prognostic models may thereby support early decision
making, including triage, decisions on offering high-risk
procedures, inclusion, or exclusion into research studies,
as it aims to provide as accurate predictions as possible
to inform health care providers, patients, and their surro-
gate decision makers. In addition, prognostic models
enhance shared decision making.®

Several prognostic models have been developed for a
range of acute neurologic conditions,” including the Cor-
ticosteroid Randomization After Significant Head Injury
(CRASH)'*!'" and the International Mission for Prog-
nosis and Clinical Trial (IMPACT)' for TBI and the
National Institutes of Health Stroke Scale (NIHSS) for
patients with acute ischemic stroke.'?

While multiple well-validated and high-quality prog-
nostic models are available to predict the clinical outcome
following acute neurologic disorders,” only a few models
are routinely used in clinical practice.® Research explor-
ing the reasoning behind the scarce implementation of
prognostic models in acute neurologic care is lacking.
Reflection on the lack of implementation and use of such
models is sorely needed. This systematic review aims to
summarize the published facilitators and barriers per-
ceived by clinicians that affect the use of prognostic mod-
els in clinical care for acute neurologic disorders.

Methods

Data Sources and Searches

This systematic review was registered in PROSPERO
(CRD42022359950) and was reported according to the
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Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines.”® In consultation
with 2 biomedical information specialists from Erasmus
MC, we formulated the search string and conducted a
systematic search across the databases Embase, Medline
ALL, Web of Science Core Collection, and Cochrane
Central of Register of Controlled Trials from inception
until February 2024 (see Appendix 1 for the full strate-
gies). Studies reporting facilitators and barriers regarding
the use of prognostic models from clinicians’ perspective
in acute neurologic care were eligible for inclusion.

Study Selection

The search strategy prioritized the most prevalent acute
neurologic conditions to capture a broad yet focused
dataset within a scope that reflects the common chal-
lenges encountered in clinical practice. Studies were
included based on the following inclusion criteria: 1)
empirical studies in acute neurologic care settings, 2)
published in English journals, 3) involvement of acute
neurologic disorders (including TBI, cerebral infarction,
stroke, hemorrhage, and hypoxic-ischemic brain inju-
ries), 4) use of prognostic models or decision aids based
on prognostic models (including risk prediction models,
risk functions, and decision support models), and 5) pro-
vision of insight of clinicians’ perspective regarding the
use of prognostic models. No restrictions regarding the
age of the articles were applied. Studies were excluded
when no full text was available, when publication was in
a non-English language, or when the main outcome of
interest of the prognostic model was not related to acute
neurologic conditions. Commentaries, letters or confer-
ence abstracts, theoretical articles, and other nonempiri-
cal studies were also excluded. Reference lists of eligible
articles were assessed to identify additional relevant
articles.

Data Extraction and Risk-of-Bias Assessment

Articles retrieved from the initial search strategy were
imported and deduplicated in Covidence.'* Two inde-
pendent reviewers (E.H. and E.S.v.H.) screened the
retrieved articles based on predefined eligibility criteria
(see Appendix 2 for the predefined eligibility criteria dur-
ing the screening process). Any nonconsensus or ambigu-
ity between the 2 reviewers was resolved with a third
independent reviewer present (H.F.L.).

A tailored extraction framework was developed by the
first reviewer (E.H.) in Microsoft Excel. After approval
by the second reviewer (E.S.v.H.), it was used to extract

data from the included articles, including 1) study charac-
teristics, 2) study aim, 3) method of data collection and
analysis, 4) applied prognostic model, 5) participant char-
acteristics, and mentioned 6) facilitators and 7) barriers.

The Template for Intervention Description and Repli-
cation (TiDieR) checklist'> was applied and filled in by
the first reviewer to systematically and comprehensively
report the prognostic models used in the included studies.
The TiDieR checklist ensures a structured and transpar-
ent approach to capturing key details about the interven-
tions and their replicability. When the original articles
lacked complete information on specific TiDieR items,
related sources such as validation studies and protocols
cited within the original articles were consulted. The
extracted information was then incorporated into the
reporting table to enhance clarity and completeness. (The
completed TiDieR checklist can be found in Appendix 3.)

The risk of bias of each included article was indepen-
dently assessed by E.H. and E.S.v.H. The quality of the
articles was evaluated using the QualSyst tool.'® The
Qualsyst tool consists of 2 checklists for the quality
assessment of quantitative and qualitative studies. The
checklist for qualitative studies consists of 10 items,
whereas the checklist for quantitative studies consists of
14 items. Each item was rated on either a 3-point or
dichotomous scale, with higher scores indicating lower
risk of bias. The total sum of the items was divided by
the maximum sum of the corresponding checklist, which
depended on the methodological approach of the study
(maximum sum score of 28 for quantitative studies and
20 for qualitative studies'®). In case of a mixed-method
study approach, both checklists were applied, and the
total sum was divided by the maximum score of the com-
bined checklists. Depending on the final score, the
included studies were defined as having a strong (score
> 0.8), good (0.71-0.80), adequate (0.51-0.70), or low
(<0.5) methodological quality.!” Any disagreement
between the first and second reviewer over the risk of
bias was resolved through discussion until consensus was
reached.

Data Analysis

Reported facilitators and barriers were structured and
categorized around the Unified Theory of Acceptance
and Use of Technology (UTAUT) framework (Figure
1)."® The UTAUT framework examines users’ accep-
tance and adoption of technology and suggests that
usage of technology is determined by behavioral inten-
tion.'® The likelihood of actual usage and adoption of
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Performance
expectancy

Effort expectancy

Behavioral )
Intention Use behavior
Social influence
Facilitating
conditions
Gender Age Experience Voluntjggess of

Figure 1 The Unified Theory of Acceptance and Use of Technology (UTAUT) framework. The perceived likelihood of adopting
a technology is dependent on 4 key constructs: performance expectancy, effort expectancy, social influence, and facilitating

conditions. The effect of these domains is moderated by age, gender, experience, and voluntariness of use.

Source: Adapted from Venkatesh et al.'®

technology is dependent on the effect of 4 constructs: 1)
performance expectancy: clinicians’ belief that prognos-
tic models enhance patient outcomes, decision making,
and workflow efficiency; 2) effort expectancy: the per-
ceived ease of using prognostic models in fast-paced,
high-pressure neurologic settings; 3) social influence: the
impact of colleagues, institutional leaders, and guidelines
on clinicians’ adoption of prognostic models; and 4)
facilitating conditions: the extent to which clinicians per-
ceive that organizational and technical infrastructure
and resources exist to support the use of prognostic
models.'®

Derived from 8 theories and 32 constructs, the
UTAUT framework has a minimum amount of com-
plexity given the limited number of constructs and mod-
erating variables, which makes it an applicable
framework to understand acceptance behavior to any
new technology.'

Results
Study Selection

A total of 3,564 studies were obtained through the sys-
tematic literature search. After screening based on title
and abstract, 3,350 studies were excluded. The full text

18

of the remaining studies was retrieved for further assess-
ment, of which 195 studies were excluded due to the fol-
lowing reasons: not being an empirical study (n = 115),
no qualitative evaluation about the prognostic model
provided (n = 28), no implementation of the prognostic
model mentioned (n = 18), TBI or other acute neurolo-
gic disease was not the main outcome (n = 17), no access
to the full article (n = 13), non-English publication (n =
3), and no health care-related context (n = 1). An
updated literature search for additional articles in Febru-
ary 2024 identified 4 potential studies that were consid-
ered eligible. In total, 15 articles were included for data
extraction and analysis (Figure 2). These 15 articles cov-
ered 11 prognostic models, with further details provided
in the TiDieR checklist (Appendix 3).

Study Characteristics and Methodological Quality

All included studies were published between 2013 and
2024, including qualitative (n = 6),>>?° quantitative
(n = 3)°?% and mixed-methods studies (n = 6)**
(Table 1). Studies were performed in North America (n
= 11),2"2426.282931533 Eyrope (n = 1),>° Oceania (n =
1),>” Asia (n = 1),** Africa (n = 2),*® and North America
and Africa (n = 1).*> Clinical settings of the articles
included nonacademic hospitals (n = 7),20:>2628.30.31.33
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Articles included
(n=15)

= Database search: Embase,
= Medline ALL, Web of Science
3 Core collection and Cochrane
% Central of Register of Controlled
2 Trials
- (n=3564)
. Retrieved duplicates
_ v (n=4)
g Articles screened by title and
o abstract
3] (n=3560)
n
> Excluded irrelevant articles
(n=3350)
v
E Full-text articles assessed for
:-% eligibility
w (n=210) Excluded articles (n=195)
e Non-empirical study (n=115)
e No evaluation regarding
prognostic model usage
3 > proyided (n=28)l
5 e No implementation of
2 prognostic model (n=18)
1= e Acute neurological disease not
main outcome of interest (n=17)
e No access to full article (n=13)
v e No healthcare context (n=1)

Figure 2 PRISMA flowchart of the literature search and selection.

academic hospitals (n = 4),****3* both academic and
nonacademic hospitals (n = 2),>>** general practice (n =
1),”” and health care in general (n = 1).** Five of the 15
studies evaluated the implementation of a model?*7-3-31-34,
the other studies explored the perceived facilitators and bar-
riers regarding the usage of prognostic models. Evaluated
models included clinical decision support (n = 9),*26
293334 prognostic models (n = 3),2>2° decision aids (n =
2),>'32 and prediction rules (n = 1).>* Participants were
mostly physicians? 2+2%23133 and nurses.?* 262%2%3! The
methodological quality of the studies was scored as strong
(n = 9)20H¥BBR 5004 (n = 3)2630M adequate (n =
2),*3 and low (n = 1)*’ (Appendix 4). No studies were
excluded based on their quality rating. The study with a
low-quality rating was included as it provided relevant new
insights.

Identified Facilitators and Barriers

Frequently identified facilitators and barriers across the
included studies were concentrated in the performance
expectancy construct of the UTAUT framework (Table
2). The most reported facilitators and barriers are further
elaborated on in the following sections.

Performance Expectancy

The construct performance expectancy of the UTAUT
framework captures clinicians’ belief that prognostic
models enhance patient outcomes, decision making, and
workflow efficiency. Six facilitators were identified,
including improved communication with patients and
surrogate decision makers (n = 9), reassurance of clini-
cal judgment (n = 6), improved patient outcomes (n =
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Table 2 Summary of Found Facilitators and Barriers under Unified Theory of Acceptance and Use of Technology Framework

Constructs

Barriers to

Facilitators for Implementation Studies Implementation Studies
Performance expectancy®
Improved communication with patients 20, 21, 24-26, 29-31, 34  Risk communication 20, 23, 31
and informal surrogate decision maker
Reassurance of clinical judgment 20, 21, 25, 27, 29, 34 Mistrust in data 20, 23, 31
Perceived improved inpatient outcomes 20, 21, 26, 30 Perceived reduction 20, 25, 27
in autonomy
Standardization of care 20, 21, 23, 24 Ethical considerations 23, 30
Resource optimization 25, 30, 32
Extension on clinical knowledge 20, 21, 34
Effort expectancyb
Simple interface 30, 32 Difficulty of use 21, 29, 30, 32
Technical factors 24, 25, 30, 31
Social influence®
Innovative work climate 25, 28,29 Accountability 20, 21, 24
Interprofessional conflicts 21, 24, 29
Facilitating conditions®
Fitting workflow 24,25,29, 34 Workflow conflicts 21, 22,24, 25, 30, 31, 33, 34
Legal context 24,32

“Clinicians’ belief that prognostic models enhance patient outcomes, decision making, and workflow efficiency.

*The perceived ease of using prognostic models in fast-paced, high-pressure neurologic settings.

“The impact of colleagues, institutional leaders, and guidelines on clinicians” adoption of prognostic models.

9The extent to which clinicians perceive that organizational and technical infrastructure and resources exists to support the use of prognostic

models.

4), standardization of care (n = 4), resource optimiza-
tion (n = 3), and extension on clinical knowledge (n =
3). Four barriers were identified, including perceived
misinterpretation during risk communication (n = 3),
mistrust in data (n = 3), perceived reduction of auton-
omy (n = 3), and ethical considerations (n = 2).

Facilitators

Improved communication with patients and surrogate
decision makers. Prognostic models aided communica-
tion between clinicians, patients, and surrogate decision
makers by conveying information in commonly under-
stood language. Using prognostic models as communica-
tion framework helped clinicians feel more confident
during counseling sessions.>*-*!-247262931:34 Thig was espe-
cially effective when family—clinician discussions were sup-
ported by verbal explanations from trusted clinicians,
combined with supporting pictographs, percentages, and
natural frequencies for a clear and intuitive presentation.*!

Reassurance of clinical judgment. Prognostic models
provided reassurance for clinicians’ clinical judgment
and offered a sense of “grounding” for clinicians with

less experience by supporting their decisions with more
robust data.”® For example, clinicians reported feeling
more confident when discharging patients.’** In addi-
tion, clinicians mentioned that using prognostic models
added extra credibility to their assessment.?’*

Perceived improved patient outcomes. Prognostic
models assisted clinicians in making objective and accu-
rate predictions about the clinical course and outcome of
patients, which informed tailored treatment decisions
and potentially led to better perceived patient out-
comes.’*?!?® One study showed that prognostic models
facilitated triage decisions, specifically in settings in
which the clinician performing the initial assessment was
unable to rely on previous experiences or data.**

Barriers

Perceived misinterpretation during risk communica-
tion. The perception that prognostic outcomes might
lead to misinterpretation, either through optimistic bias
or by causing negative emotions among patients and sur-
rogate decision makers, made clinicians reluctant to
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present prognostic outcomes during consultations.*

Clinicians feared that patients with low health literacy
and numeracy might not be able to interpret the medical
terms and statistics used in the prognostic model.?***
Combined with feelings of stress and despair, presenting
prognostic outcome probabilities could have led to false
hope, unfounded optimism, or anxiety among patients
and their surrogate decision makers.?*->!32

Mistrust in data. Clinicians raised concerns about the
data quality of prognostic models. Due to the heteroge-
neous nature of acute neurologic conditions, clinicians
doubted the data underlying prognostic models as well
as the quality of the generated output.’*?* This included
reservations about the limited selection of variables from
the source studies affecting model development and the
recognition of the limitation of standardized data collec-
tion across research studies.”” In addition, clinicians
expressed difficulties accepting model outcomes for
patients at the extreme values of prognostic variables.®'
One study showed that clinicians perceived outcome
scores as research tools intended to inform clinical trial
design rather than tools for bedside implementation at
the individual level.”® These concerns reflected skepticism
about the quality and generalizability of the data used to
develop prognostic models.

Perceived reduction in clinicians’ autonomy. Clinicians
expressed that clinical decision-making power should
remain with them (and patients), arguing that prognostic
models should therefore not interfere with their epistemic
authority.?® The introduction of these models could raise
concerns about the questioning of the clinicians’ knowl-
edge and expertise, potentially leading to perceived deva-
luation of professional judgment.? In addition, clinicians
requested the ability to override the prognostic outcome
when it appeared inappropriate or when they felt the
model as imping on their clinical autonomy.**’

Effort Expectancy

The construct effort expectancy of the UTAUT frame-
work depicts the perceived ease of using prognostic mod-
els in fast-paced, high-pressure neurologic settings. A
simple interface (» = 2) was identified as a facilitator.
Two barriers were identified, namely, difficulty of use
(n = 4) and technical factors (n = 4).

Facilitators

Simple interface. Given the hyperacute clinical setting
of acute neurologic conditions, clinicians indicated that
computerized technologies were likely the most effective
form of delivering rapid decision support.*® The use of

simple language, simplified descriptions, and quantifica-
tion of risk outcomes was highlighted to facilitate usage.>

Barriers

Difficulty of use. Participants experienced difficulties
interpreting and applying the prognostic output into
clinical settings.””**> Some clinicians mentioned that
intended end users of the model lacked the expertise to
correctly assign each input variable in the prognostic
model.>' Other studies revealed that prognostic models
were often misunderstood; some clinicians mistook them
for electronic medical records or confused them with
other unrelated tools and systems. ">

Technical factors. Access to prognostic models was
not always guaranteed in clinical settings. For example,
electronic devices were not always placed in an accessible
location during patient encounters.>*** In resource-
limited settings, the use of prognostic models was not
always feasible due to dependence on a stable internet
connection or the availability of technical equipment.®>*
Besides these external considerations, some clinicians
were inexperienced with computer use in general.’!

Social Influence

The construct social influence of the UTAUT framework
depicts the impact of colleagues, institutional leaders,
and guidelines on clinicians’ adoption of prognostic mod-
els. An innovative work climate (n = 3) was identified as
a facilitator. Two barriers were identified: accountability
(n = 3) and interprofessional conflicts (n = 3).

Facilitators

Innovative work climate. The use of prognostic mod-
els was more likely when clinicians felt encouraged and
inspired by their environment. This could be in the form
of expectations from higher hierarchical levels in the
workplace, including employees, supervisors, or at the
governmental authorities.”>**?° At the employee level,
adoption of the model was more likely when close col-
leagues were satisfied with its use*>*® or when the use of
the model was mandated.? The implementation of clini-
cal champions was seen as essential, as their role was to
provide education and support for the use of new tech-
nologies among intended end users.”® Generating extrin-
sic motivation to enforce the use of prognostic models
was proposed through the application of a benchmark
report,® which compared the use of the models among
providers.
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Barriers

Accountability. Clinicians expressed reluctance toward
the use of prognostic models due to the fear of being held
liable when missing clinically important findings.?>** Con-
sequently, when clinical mistakes were made, it was
unclear who held responsibility and what possible (legal)
consequences it could lead to if the provided outcome of
the prognostic model was not followed up on.?*?!

Interprofessional conflicts. The use of prognostic
models in clinical practice led to conflicts between spe-
cialties, including limited added relevance for nonneuro-
surgeons as they sought assistance from surgeons
regardless of the prognostic outcome of the model.*!
Another barrier related to interprofessional relationships
arose when decisions were made hierarchically and the
prognostic model was not accessible in a shared medium,
leading to conflicts in task coordination.?**

Facilitating Conditions

The construct facilitating conditions of the UTAUT
framework depicts the extent to which clinicians perceive
that organizational and technical infrastructure and
resources exists to support the use of prognostic models.
Two facilitators were identified, namely, fitting workflow
(n = 4) and legal context (n = 2). Workflow conflicts (n
= 8) was identified as a barrier.

Facilitators

Fitting workflow. Seamless integration into the exist-
ing clinical workflow facilitated the uptake of prognostic
models in clinical practice. Automating prognostic out-
comes into clinical instructions was suggested to rein-
force the use of the model.>>?** In addition, the layout
of the prognostic model aided integration when comput-
ers were easily accessible, for example, in shared work-
spaces where clinicians could build on previously
collected patient information.**

Legal context. Prognostic models were more readily
supported by clinicians and organizations when they
complied with regulatory requirements.*® In addition,
clinicians were also more likely to use prognostic models
when they led to a reduction of litigation risk.>?

Barriers

Workflow conflict. Implementation of prognostic mod-
els might lead to conflicts in the existing clinical work-
flow.?*31** Challenges arose in terms of completing
follow-up interventions after the prognostic outcome,

particularly when resources were limited given the sug-
gested outcome of the model.?'** Consequently, clinicians
perceived the additional task of managing patient and sur-
rogate decision makers’ expectations as burdensome when
the suggested treatment could not be provided.*® Further-
more, the outcome of the model should align with the
scope of interest of the end user.*>** One study mentioned
that in emergency settings, clinicians primarily aimed to
understand the patient’s situation to determine the next
course of action rather than obtaining a precise prognosis.
Based on that theme, prognostic models that provide diag-
nostic accuracy rather than guiding actionable next steps
were less likely to be adopted by clinicians.”?

Discussion

In this systematic review, we summarized the facilitators
and barriers for the use of prognostic models in the acute
clinical care of neurologic disorders from the clinicians’
perspectives. Through a systematic search, we identified
various factors that might influence the use of prognostic
models. We synthesized and categorized the findings of
this study using the UTAUT framework.'® Overall, com-
monly mentioned facilitators included 1) improvements
in communication with patients and surrogate decision
makers, 2) reassurance of clinical judgment, 3) perceived
improvement in patient outcomes, 4) the simple interface
of the prognostic model, 5) innovative work climate, and
6) fit into current workflows. Barriers included 1) per-
ceived misinterpretation during risk communication with
patients and surrogate decision makers, 2) mistrust in the
data of the prognostic model, 3) perceived reduction of
autonomy, 4) perceived difficulty of use, 5) technical fac-
tors, 6) accountability, 7) interprofessional conflicts, and
8) workflow conflicts.

In line with previous studies, our study suggests that
prognostic models aid risk communication with patients
and their surrogate decision makers*® when presenting a
prognostic outcome in an intuitive and understandable
manner.*®?” Prior studies suggest ways to facilitate risk
communication, including presenting absolute risk fre-
quencies instead of relative risk and incorporating simple
language and pictographs.*® Earlier studies have sug-
gested that the unique dynamics of pediatric and adult
care may necessitate different approaches when using
prognostic models.*>** While the studies in this review
did not find clear evidence of significant differences in
facilitators and barriers between these groups, factors
such as caregiver involvement in pediatric care and
clinician—patient communication in adult care may influ-
ence the effectiveness and perception of these tools.
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Consistent with prior literature, clinicians were reluc-
tant to discuss prognostic outcomes during clinician—
family counseling due to fears of causing distress, opti-
mistic bias among patients and surrogate decision mak-
ers,*! or concerns about the perceived low literacy and
numeracy within these populations,*®** ultimately lead-
ing to fears of misinterpretation or unfounded optimism
in prognostic outcomes. These findings highlight the
importance of tailoring risk communication to the health
literacy levels of patients and surrogate decision mak-
ers.*** In addition, clinicians must discuss the inherent
uncertainties in clinical prediction models, ensuring that
patients and surrogate decision makers understand the
limitations and applicability of prognostic information.*

Furthermore, this systematic review revealed that lim-
ited trust and knowledge in prognostic models pose
major barriers to implementation. Given the complexity
of these models, which incorporate multiple variables
and statistical algorithms, clinicians may struggle to use,
interpret, and understand their output. Consistent with
previous studies, clinicians were also more likely to
adopt prognostic models when they understood these
models as enhancing rather than replacing their clinical
judgment.*>**> Beyond these practical barriers, the ethical
implications of prognostic models require balancing
patient autonomy and clinician judgment. These tools
should complement,*® not replace, clinical decision mak-
ing while respecting patient values and preferences.*
Overreliance on models may overlook the nuances of
care, making an ethical framework emphasizing shared
decision making, informed consent, and patient empow-
erment essential for responsible use and maintaining the
clinician—patient relationship.**

User-friendly and clinically comprehensible indicators
could simplify prognostic model use.*” Providing clini-
cians with technical and procedural support, including
an approachable clinical champion on site, can help
bridge knowledge gaps and shift attitudes toward the use
of these models.*® Our study also highlights the impor-
tance of a seamless integration into clinicians’ current
workflows. Clinicians prefer models that help determine
next steps rather than those focused solely on diagnosis.
This aligns with prior research emphasizing the need to
integrate model outputs into electronic health records,*
clinical pathways, and downstream interventions for
effective implementation.*>* External factors such as
emergency department layout, reliance on technical
devices, and resource limitation should be addressed to
minimize disruptions in clinicians’ workflow and mini-
mize additional burden in clinicians’ workload. Beyond
practical integration, legal and accountability concerns
are critical. Clinicians may hesitate to rely on models

lacking transparency or clinical credibility due to fears of
liability in cases of subclinical decision making or clinical
mistreatment.>® Clearer guidelines on the legal and clini-
cal implications of prognostic model use are therefore
needed.

Strengths and Limitations

This is the first systematic review that explored published
facilitators and barriers among clinicians regarding the
use of prognostic models for clinical decision making in
acute neurologic care. The strengths of this review
include its methodological approach, using the UAUT
framework as an analytical model for further examina-
tion, and categorization of the found facilitators and
barriers. In addition, most of the included articles were
assessed as high quality, enhancing the credibility of the
findings.

However, when interpreting the outcomes of this
review, potential limitations should be considered. One
key limitation is the inherent heterogeneity of the
included studies, including differences in geographic
locations, hospital settings, resource access, patient
demographics, and prognostic models. Given this varia-
bility and the inclusion of 15 articles on 11 prognostic
models, meaningful subgroup analysis was not feasible.
Factors such as high- versus low-income countries,”!
resource constraints,”’ and clinician experience®® may
influence perceptions and use of prognostic models. In
addition, cultural factors, including attitudes toward
patient autonomy in shared decision making, further
shape adoption and perceived utility.>® The inclusion of
various studies incorporating different prognostic models
contributes to the heterogeneity of this systematic review,
necessitating cautious interpretation when applying find-
ings across different healthcare contexts. While some com-
mon trends can be identified, the limited number of
studies for each model type makes it difficult to fully assess
differences in barriers and facilitators between them, thus
preventing a detailed comparative analysis. Trends suggest
that artificial intelligence-based CDSS and CDSS share
challenges related to data trust and clinician autonomy,
while decision aids and prognostic models face greater
ethical concerns about patient involvement.

Another limitation is the small sample size and varia-
bility in participant roles within each included study. In
many studies, the number of clinicians involved was not
specified, which may affect the generalizability of our
findings.

Moreover, the focus on acute neurologic care can be
considered another limitation. However, many identified
facilitators and Dbarriers, such as trust in data,
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communication challenges, and workflow integration,
may also apply to other settings such as intensive care
and emergency medicine. These fields similarly involve
high-stakes, time-sensitive decision making and complex
prognostic models. This indicates the broader relevance
of our findings while recognizing unique prognostic
uncertainties, including high patient variability, delayed
recovery, and the influence of treatment decisions on
outcomes.’*> In addition, although this review primar-
ily focuses on common acute neurologic conditions,
including rarer conditions could reveal unique barriers,
such as limited data and access to specialized tools.
However, many of the identified challenges in this review,
such as risk communication, clinical judgment, workflow
integration, and trust in data, are shared across both
common and rare neurologic conditions. We therefore
believe that the identified barriers and facilitators are
likely to be applicable to rarer conditions as well.

A further limitation is the scarcity of studies evaluat-
ing the actual implementation and usage of prognostic
models. Only 5 of the 15 articles provided insights into
clinicians’ actual usage of prognostic models, while the
remaining articles focused on perceived facilitators and
barriers. While clinicians’ perceptions provide valuable
insights, their subjective nature may limit the applicabil-
ity of the findings across different clinical settings. This
highlights the importance of future studies incorporating
objective measures such as implementation rates and
adherence to clinical guidelines alongside qualitative
insights to ensure a more robust understanding of prog-
nostic model usage in acute clinical care.>®

Finally, while we excluded gray literature to maintain
methodological rigor, we acknowledge that this may limit
the comprehensiveness of our review, particularly regard-
ing real-world implementation challenges. Although the
gray literature often lacks standardized reporting and
quality assessments, it can provide valuable insights into
practical barriers clinicians face, which peer-reviewed
studies may overlook.

Future Research Directions

The number of published implementation studies regard-
ing prognostic models in acute neurologic care remains
small, despite the extensive development and external
validation of such models. Most existing literature
focuses on model development rather than practical
application, leaving a critical gap in understanding their
practical utility. Given that most studies in this review
were conducted in high-income countries, future research

should validate these findings in more diverse health care
contexts. In addition, expanding research to less com-
mon conditions could provide a more comprehensive
understanding of the use of prognostic models across a
wider range of acute neurologic disorders.

Furthermore, perspectives of patients and surrogate
decision makers were left unexplored in the included
articles of this review, despite being potential end users
of prognostic models. Incorporating these perspectives
is crucial to improve prognostic risk communication
and ensure these tools are patient centered. Future
studies should also examine ethical concerns, including
patient autonomy and reliance on technology, to
ensure these models align with shared decision-making
principles.

Due to limited reporting on participant characteris-
tics, such as age, gender, prior experience, or voluntari-
ness of use, no insights could be drawn on how these
moderating factors from the UTAUT framework influ-
ence the adoption of prognostic models. Future studies
should collect sociodemographic data to clarify their
impact on model adoption and guide tailored implemen-
tation strategies. Larger, well-defined clinician samples
are needed to clarify how these tools are adopted in prac-
tice. In addition, examining how variations in clinician
demographics, such as professional background, experi-
ence level, and technological familiarity, affect the imple-
mentation of models could offer valuable insights into
implementation challenges.

Beyond individual clinician characteristics, broader
cultural and systemic factors are also likely to influence
the implementation of prognostic models. Future research
should examine how cultural and systemic factors influ-
ence technology adoption in health care, particularly how
organizational culture, health care policies, and regional
practices shape the adoption of new technologies.

To enhance the generalizability of findings, future
research should incorporate larger datasets that allow for
meaningful subgroup analysis. In addition, expanding
the scope by incorporating gray literature, with rigorous
appraisal methods to ensure credibility, could provide
insights into real-world implementation barriers.

Future research should develop and evaluate imple-
mentation strategies that promote collaboration among
researchers, clinicians, patients, and surrogate decision
makers to bridge the gap between model development and
real-world application. Emphasizing iterative processes,
end-user feedback, and tailored clinician training will aid
integration into clinical care. In addition, iterative co-
design and co-creation methods, such as feedback sessions
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and idea-sharing platforms, are key to overcoming adop-
tion barriers and ensuring successful implementation.

Conclusion

This systematic review provided an extensive overview of
facilitators and barriers as perceived by clinicians on the
usage of prognostic models for clinical decision making
in acute neurologic care. Commonly mentioned facilita-
tors included improvements in communication with
patients and surrogate decision makers, reassurance of
clinical judgement, and improvements in patient out-
comes. Commonly mentioned barriers included reluc-
tance in use during risk communication, mistrust in data,
and perceived reduction of autonomy. Understanding
these facilitators and barriers prior to model develop-
ment is crucial, as it can guide the design and implemen-
tation of prognostic models. To facilitate implementation
in clinical practice, it is essential to foster collaborations
between researchers from various fields, clinicians,
patients, and their surrogate decision makers to bridge
the gap between model development and clinical imple-
mentation in practice.
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