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Abstract
Artificial intelligence (AI) holds significant promise for revolutionizing health care by

enhancing diagnosis, treatment, and patients’ safety. However, the current disparity

between the abundance of AI research and the scarcity of evidence on real-world impact

underscores the urgent need for comprehensive clinical effectiveness evaluations. These

evaluations must go beyond model validation to explore the real-world effectiveness of

AI models in clinical settings, especially because so few have gone on to show any mean-

ingful impact. The importance of local context in AI model validation and impact assess-

ment cannot be overstated. We call for increased recognition of implementation science

principles and their adoption through development of a network of health care delivery

organizations to focus on the clinical effectiveness of AI models in real-world settings to

help achieve the shared goal of safer, more effective, and equitable care for all patients.

Introduction

A rtificial intelligence (AI) has become a promising tool in health care, with
increasing evidence that these tools can support a transformational improve-
ment in diagnosis, treatment, and patients’ safety.1 We must proceed carefully,

because AI algorithms have the potential to amplify biases intrinsic to training data and
unintentionally exacerbate underlying health inequities.2 In response to this risk, a group
including representatives from the U.S. Food and Drug Administration (FDA) and the Office
of the National Coordinator for Health Information Technology (ONC) recently called for the
establishment of a national network of health AI assurance laboratories to provide a standard-
ized approach to evaluating these algorithms before FDA approval.3 We believe that validating
algorithms through computer simulation may be helpful but is insufficient for demonstrating
improved patient outcomes, which will require real-world evaluations similar to clinical trials
for a new drug. In fact, in vivo and real-world evaluation is the most critical part of approval
for a novel drug or device, especially in settings in which retrospective data are sparse but
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in vivo interventions are common; colleagues have recently
called for a similar, patient-centered, outcomes-focused
approach to regulating AI.4 We propose that in vivo valida-
tion of clinical effectiveness should become a standard part
of assessing the value of health AI, encourage funding
agencies to resource these efforts, and suggest that regula-
tors require this type of outcomes data.

This gap becomes particularly evident when we consider
the vast amount of research on AI in specific areas such as
sepsis. A recent analysis of more than 500 articles pub-
lished on machine learning for sepsis diagnosis and man-
agement found just two evaluating the benefit of a model
to improve patient-centered outcomes.5 Another recent
study evaluating the discriminative performance of AI sep-
sis predictions made relative to the time of treatment
found that many models were built using features that
simply capture clinical suspicion; this illustrates one of
many reasons why computer simulation evaluations could
produce overly optimistic estimates of model performance
that would not be as favorable once implemented.6 This
stark contrast between the volume of research and the
scarcity of evidence for real-world impact underscores the
urgent need for implementation of science frameworks
and evaluations that go beyond model validation and
delve into the practicalities and clinical effectiveness of AI in
real-world settings.7 Although AI models may exhibit impres-
sive performance in controlled settings, their true worth is
determined by their integration into the complex, dynamic,
and often unpredictable health care ecosystem (Table 1).

Health delivery organizations must play a critical role in
this real-world validation, and mitigation of health inequi-
ties will require that public health systems serving diverse
populations be well-represented. For example, recent work
at UC San Diego Health, which developed a bespoke AI tool
for sepsis detection, reported a 17% increase in the relative
likelihood of patient survival in the emergency department,
with the greatest impact at the location serving the highest
proportion of underserved patients.8 However, implementa-
tion of this same algorithm in a different health system
would be unlikely to have the same outcome without local
tuning, iteration, and ongoing monitoring.9

As with any clinical decision support tool, implementation
of AI-based decision support necessitates a profound
understanding of the local health care context, rigorous
and ethical validation within these settings, workflow inte-
gration and evolution, and continuous monitoring after
implementation, as suggested by the White House Office

of Science and Technology Policy in the AI Bill of Rights.10

By focusing on implementation evaluations, we can gain
crucial insights into how AI tools integrate into existing
workflows, how health care professionals interact with
them, and, ultimately, how these tools can best translate
into tangible improvements in patient outcomes. The fol-
lowing sections detail some key insights that a network of
health care delivery organizations focused on health AI
implementation assurance and demonstration of clinical
effectiveness could uniquely provide.

Local Data and Real-World
Insights
Health systems possess extensive repositories of local
patient data, encompassing diverse populations, diseases,
and clinical practices. These data repositories are a valu-
able resource for AI model training and validation. AI
models trained on global datasets may not fully capture
the intricacies of local patient populations and health care
practices. Health systems can provide the necessary con-
text to refine and adapt AI models to suit their specific
patient demographic and clinical workflows.

Ethical AI Development
Ensuring the ethical use of AI in health care is paramount.
Health systems can contribute to ethical AI development
by actively participating in the validation process, identify-
ing potential biases, and ensuring that outcomes associ-
ated with the use of AI models align with the FAVES (Fair,
Appropriate, Valid, Effective, and Safe) principles devel-
oped by the ONC, amplified by the White House, and
endorsed by many health systems.11 Local context-aware
validation helps uncover and rectify biases that may dis-
proportionately affect certain patient groups. UC San
Diego Health, UC Davis Health, and Boston Children’s
Hospital have health AI committees that evaluate machine
learning models from ethical and health equity perspec-
tives to ensure safety and trust.

Workflow Integration
Successful AI implementation requires seamless integra-
tion into clinical workflows. Health systems are best posi-
tioned to design and adapt workflows to incorporate AI
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tools effectively. They can assess the impact of AI on exist-
ing processes and make necessary adjustments to ensure
the optimal use of AI to drive impact. For example, Boston
Children’s Hospital successfully integrated the POPP (Pre-
diction of Patient Placement) system into their admissions
workflow. POPP uses clinical data to predict incoming
admissions from the emergency department, allowing for
proactive coordination of downstream operations.12 This
reduces emergency department boarding times for patients
and can generate substantial cost savings. To ensure rapid
iteration and user-centric design, the multidisciplinary pro-
ject team collaborated with the end users (operational staff
coordinating patient placement) throughout the design,
development, and deployment processes. By predicting inpa-
tient capacity needs, POPP supports broader hospital capac-
ity planning efforts and helps facilitate timely patient care.

Continuous Monitoring
and Adaptation
The dynamic nature of health care necessitates continuous
monitoring and adaptation of AI models. Health systems
can play a vital role in postimplementation evaluation,
identifying any discrepancies between in situ model per-
formance and its impact in real-world scenarios. This
feedback loop will help ensure that AI remains safe, effec-
tive, and of high value over time. As an example, UC San
Diego Health successfully deployed an AI tool to identify
Covid-19 pneumonia on chest radiographs early in the
pandemic, influencing clinical decisions for a significant
portion of emergency department patients.13 However, the
AI tool was no longer needed when Covid-19 testing
became ubiquitous, highlighting the importance of contin-
uous monitoring and adaptation of AI solutions. Of note, a
recent systematic review of publications about Covid-19
and AI during a 2-year period found that this study was
just one of four studies among more than 9000 to evalu-
ate clinical impact, highlighting again the need to focus on
outcomes.14 Fortunately, some electronic health record
vendors are now beginning to provide open source tools to
support testing and monitoring of models in situ.15

Local Context
The importance of local context in AI model validation
and comprehensive real-world impact assessment cannot
be overstated. Although AI models developed on a global

scale provide a foundation, they must be deployed along with
meaningful interventions in a socio-technical environment in
which workflow considerations may far outweigh subtleties
of algorithm performance. For example, a recent pilot at
UC San Diego Health integrating large language models to
generate draft replies to patient messages was expected
to reduce time spent answering messages; however, the
randomized quality improvement study showed that the
AI-enabled workflow did not save time, although it did
decrease cognitive burden and burnout among primary
care clinicians.16

The nuances of patient populations, clinical practices, and
data availability vary from one health system to another.
Recently, dozens of health care systems have formed col-
laboratives (e.g., https://validai.health/) to adopt imple-
mentation science standards and measure AI impact;
efforts such as these will require broader support and
funding for sustainability. We are heartened by similar
calls to action as noted in the 2023 Report on Patient
Safety from the President’s Council of Advisors on Science
and Technology; this report encourages federal agencies
to launch an “AI for Patient Safety” collaborative effort,
with emphasis on insights gained when integrating tech-
nologies “within current workflows.”17

The field of implementation science has developed various
frameworks that can be applied to AI in health care.
Determinant frameworks (e.g., TDF [Theoretical Domains
Framework], NASSS [Non-Adoption, Abandonment, Scale-
up, Spread, and Sustainability], and CFIR [Consolidated
Framework for Implementation Research]) focus on identi-
fying factors, including local context, that can influence
outcomes; process models (e.g., PRISM [Practical, Robust
Implementation and Sustainability Model], EPIS [Explora-
tion, Adoption/Preparation, Implementation, Sustainment],
and PDSA [Plan-Do-Study-Act]) provide a step-by-step guide
to the implementation process; and evaluation frame-
works (e.g., Implementation Outcomes Framework and
the RE-AIM [Reach, Efficacy, Adoption, Implementation,
Maintenance] framework) can be used to plan and evalu-
ate complex local environments and larger health impacts,
respectively. By focusing on implementation science and eva-
luations, we can gain crucial insights into how AI tools inte-
grate into existing workflows, how health care professionals
interact with them, and, ultimately, how these tools can best
translate into tangible improvements in patient outcomes.

As with the role of regional extension centers funded by
the ONC to help physicians meaningfully use electronic
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health record systems in practice, we call on public and
private stakeholders to fund and resource a network of
health care delivery organizations to function as AI imple-
mentation science centers focused on the clinical effec-
tiveness of AI models in real-world implementations. Such
networks will help ensure we achieve outcomes that mat-
ter to patients and deliver on their promise of safer, more
effective, and more equitable care for all patients.
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