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Abstract

SPECIAL ARTICLE

The emergence of artificial intelligence (AI) and other digital solutions in health care has considerably altered
the landscape of medical research and patient care. Rigorous evaluation in routine practice settings is funda-
mental to the ethical use of Al and consists of 3 stages of evaluations: technical performance, usability and
acceptability, and health impact evaluation. Pragmatic trials often play a key role in the health impact evalu-
ation. The current review introduces the concept of pragmatic trials, their role in Al evaluation, the challenges of
conducting pragmatic trials, and strategies to mitigate the challenges. We also examined common designs used
in pragmatic trials and highlighted examples of published or ongoing Al trials. As more health systems advance
into learning health systems, where outcomes are continuously evaluated to refine processes and tools,
pragmatic trials embedded into everyday practice, leveraging data and infrastructure from delivering health
care, will be a critical part of the feedback cycle for learning and improvement.
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ver the past several years, artificial
intelligence (AlD), large language

models (LLM), and other digital so-

lutions have begun to be adopted in health
care. These advancements present both new
challenges and opportunities and may change
many fundamental operations of health sys-
tems. These innovations, either developed by
embedded scientists or available as vended
products, include technologies such as Al-
guided disease screening and decision support
tools, Al-based support tools to facilitate novel
care delivery models (ie, remote care), and
LLM to assist with clinical note-writing or re-
cord aggregation/summarization.' ~ Further-
more, unlike drugs, devices, or other
traditional interventions that are presented to
the health system as static entities, digital in-
terventions may evolve over time as they are
used within the health system, and their eval-
uation and implementation require a much
shorter timeline and additional considerations
from technical, ethical, and legal perspectives.
Indeed, harnessing this disruptive power

of Al to transform health care inevitably sur-
faces a collision of 2 cultures: the technology
innovation and entrepreneurship ethos of
move fast and break things and the health
care culture grounded in the imperatives to

both deliver high-quality care and safeguard
patient safety, that is, first, do no harm. Prag-
matic trials, traditionally used to assess the
effectiveness of medical interventions in
routine clinical practice, have shown a prom-
ising role in evaluating of health impact of
Al in large populations, leveraging cutting-
edge technologies and emerging data.” The
current article aims to provide an overview
of the role of pragmatic trials in Al evaluation
and illustrate their utility with a few examples.

Al EVALUATION

AT evaluation consists of 3 stages—technical
performance evaluation, usability and accept-
ability evaluation, and health impact evalua-
tion. The evaluation of technical performance
remains under the data scientists’ expertise,
where the algorithms are being evaluated
externally in other populations,”® and in
different patient subgroups, such as those
with different races and ethnicities.” In many
cases, validation in a prospective study is
also encouraged.””

The usability and acceptability evaluation
of Al is where the Al is translated to inform
clinical decision-making through an interface,
such as data and alerts through dashboards,
apps, or electronic health records (EHRs).

Mayo Clin Proc Digital Health ® December 2024:2(4):499-510 ® https://doi.org/10.1016/j.mcpdig.2024.06.010
www.mcpdigitalhealth.org ® © 2024. Published by Elsevier Inc on behalf of Mayo Foundation for Medical Education and Research. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

From the Department of
Internal Medicine (M.FJ.),
Department of Cardio-
vascular Medicine (PAN.,
X.Y.), and Robert D and
Patricia E Kemn Center for
the Science of Health
Care Delivery (X.Y.),
Mayo Clinic, Rochester,
MN.

499


Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.mcpdig.2024.06.010
http://www.mcpdigitalhealth.org
http://creativecommons.org/licenses/by-nc-nd/4.0/

MAYO CLINIC PROCEEDINGS: DIGITAL HEALTH

The evaluation of usability and acceptability
falls under the realm of human-Al interaction
and often requires mixed-methods studies,
stakeholder engagement, and iterative revi-
sions of the interface. This stage is often
neglected as investigators are excited to jump
on large-scale health impact evaluation. How-
ever, if the users, eg, clinicians and patients,
do not find the Al tool useful or easy to use,
then even a well-designed randomized
controlled trial (RCT) cannot detect an impact
that does not exist due to low adoption in the
population. In comparison to other interven-
tions, Al faces particular challenges related to
trust,'’ so engaging stakeholders early and
resolving usability and acceptability is highly
recommended before starting the health
impact evaluation.

When evaluating the health impact of Al,
the methods are largely the same as any
population-level evaluation of other medical
interventions, which can be grouped into as
follows: (1) RCTS and (2) nonrandomized
studies. Clinical trials, by definition, can be
either randomized or nonrandomized. Per Na-
tional Institutes of Health definition, a study is
considered a clinical trial if the answers to the
following 4 questions are all yes:"'

e Does the study involve human participants?

e Are the participants prospectively assigned
to an intervention?

o Is the study designed to evaluate the effect of
the intervention on the participants?

o Is the effect being evaluated a health-related
biomedical or behavioral outcome?

A clinical trial can be used for a diverse
range of strategies for prevention, screening,
diagnosis, and treatment of medical conditions,
and interventions to improve care delivery,

Explanatory trials

Pragmatic trials

The mechanism of intervention
Can the intervention work under ideal
conditions?

Seek to inform real-world decisions
Can the intervention work under usual
care!

Efficacy/Internal Validity

Effectiveness/generalizability

FIGURE 1. Explanatory trials vs pragmatic trials.
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reduce health disparities, and improve medical
communications and decision-making pro-
cesses. A nonrandomized trial is common and
can be a viable option for evaluating Al as
well, especially when borrowing real-world
controls.'” In fact, the incorporation of real-
world data as the external controls to either
enrich or replace the control arm has attracted
increasing interest, especially in oncology and
rare diseases.' "

Among the nonrandomized studies, other
than the nonrandomized clinical trials dis-
cussed above, prospective, and retrospective
observational studies can be used for Al evalu-
ation. A key difference between a prospective
observational study and a nonrandomized
clinical trial is that a nonrandomized clinical
trial assigns interventions to the participants
although the assignment does not include
randomization, whereas a prospective observa-
tional study does not assign intervention to
participants. However, as with any non-
randomized studies, confounding needs to
be carefully managed, using tools such as pro-
pensity score, interrupted time series or
regression discontinuity, and instrumental
variable."” "

PRAGMATIC TRIALS AND Al

Clinical trials and Al have a bidirectional rela-
tionship—clinical trials can be used to eval-
uate Al, while Al and other digital solutions
can facilitate the conduct of clinical trials.
Large RCTs have long been the gold standard
for obtaining evidence on whether an inter-
vention works, as all the above mentioned
methods to control confounding in non-
randomized studies have limitations.

The RCTs can be developed into 2 cate-
gories: (1) explanatory trials that aim to eval-
uate the efficacy of an intervention and (2)
pragmatic trials that aim to evaluate the effec-
tiveness of an intervention.'™” In other
words, explanatory trials aim to investigate
the mechanism of the intervention and answer
the question—*“Can the intervention work un-
der ideal conditions?”, whereas pragmatic tri-
als seek to inform real-world decisions by
answering, “Can the intervention work under
usual care?” Explanatory trials strive to achieve
high internal validity, whereas pragmatic trials
strive to increase generalizability (Figure 1).
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The concept of pragmatic trials was
mentioned in the 1960s.2 Over the decades,
an increasing number of pragmatic trials
have been published (Figure 2). This is some-
what driven by an increasing awareness that
clinicians and patients lack high-quality evi-
dence to guide decisions. For example, only
10% of the American College of Cardiology
and American Heart Association’s guideline
recommendations were supported by multiple
RCTs or meta analyses; nearly half of the
guideline recommendations were based on
expert opinions, case studies, or standards of
care; and this situation has not improved
much over time.”'"*” As such, many clinical
decisions have been made through the influ-
ence of anecdotal experiences,”"”” exposure
to marketing messages,”””’ and financial in-
centives.”” Furthermore, health care systems
often implement quality improvement projects
and other innovations wholesale because they
appear to be good ideas, but few were rigor-
ously evaluated,” thereby wasting the re-
sources that could be potentially used to
address other health care priorities.

The pragmatic trial is a suitable tool and
has played an increasingly important role in
the evaluation of Al and its health impact.
First, explanatory trials focus on the efficacy
of medical interventions, but the efficacy of
Al has already been reported during the tech-
nical performance evaluation before progress-
ing to the health impact evaluation. Few
people at the health impact stage would be
interested in questions like “Can Al work un-
der ideal conditions?” More stakeholders
would be interested in whether the AI tool

works in routine practice, so clinicians and pa-
tients can decide on prevention, diagnosis, or
treatment strategies, and health systems can
decide on whether to implement the Al tool.

Second, because new drugs or devices can
incur substantial harm to patients, their efficacy
and safety need to be reported in explanatory
phase 1-3 trials before being tested in pragmatic
trials embedded in routine practice. By contrast,
many Al tools are used to support clinical
decision-making by providing predictions or
increasing operational efficiency, so they are
used for lower or minimal risk scenarios. There-
fore, many of the Al tools might not need the
phase 1-3 trials. In this aspect concerning safety,
Al is similar to other interventions commonly
evaluated in pragmatic trials, such as screening
and quality improvement programs.”””"

Of interest, the medical and research com-
munities have witnessed a shift in the type of
trials published. In a review of 134,144
completed trials from 2000 to 2019, the au-
thors found in early years such as 2000-2004,
over 70% of the interventions in trials were
drugs, and over 80% of the trials were phase
1-4 trials. However, in recent years, such as
2015-2019, the proportion of trials evaluating
drugs dropped to 40%, and nearly 60% of
the trials were Phase NA (Table).>” Some prag-
matic trials can be counted as phase 4, but
many pragmatic trials are Phase NA trials
because they do not have any phase 1-3 trials
before the current trial. Going forward, prag-
matic trials will be increasingly used to assess
AT and other digitally enabled innovations.

Pragmatic trials have their own advantages
and challenges as study designs. Contrary to

mmmmrﬂrﬂl_ﬂﬂﬂﬂ I“Iﬂ

A search of "pragmatic"[Title] AND "trial"[Title] on PubMed

FIGURE 2. Increased N of pragmatic trials published in recent years.
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TABLE. Design Characteristics of Completed Trials by Lead Sponsor and Start Year

Lead sponsor Government Industry Other Total
2000-2004

Intervention: drug 61.4% 87.6% 59.2% 70.5%

Phase |-4 80.5% 95.8% 71.3% 81.8%

Phase NA 19.5% 4.2% 28.7% 18.2%
2015-2019

Intervention: drug 30.4% 69.8% 26.2% 40.0%

Phase [-4 51.2% 774% 26.7% 42.4%

Phase NA 48.8% 22.6% 733% 57.6%

Abbreviation: NA, not applicable.
Redrawn from Table 2. JAMA Netw Open,’” with permission.

the notion that they are inherently better or
easier than explanatory trials, the research
community recognizes that the choice be-
tween a pragmatic trial and an explanatory
trial hinge on the trial's intent. Specifically,
one must consider whether the goal is to
understand the mechanism of action of an
intervention (explanatory trial) or to inform
real-world decisions (pragmatic trial).>?
Pragmatic trials are well-suited for evalu-
ating the health impact of Al technologies in
large populations. They offer the advantage
of informing real-world decisions with a focus
on patient-centered outcomes and can be
generalized to diverse routine practice settings.
Many Al technologies are inherently
embedded in routine clinical practice, and
their efficacy has often been reported through
technical performance, usability, and accept-
ability evaluations. Consequently, the primary
intent during the final stage of Al evaluation is
to inform real-world decisions rather than un-
derstand the mechanism of action.
Furthermore, the effectiveness of Al in
routine practice depends on how it is imple-
mented. Implementation trials, ie, those trials
that generate scientific knowledge to improve
the uptake of evidence-based interventions in
practice, are, by nature, pragmatic trials.”* There
are also hybrid trials with dual aims to test both
the effectiveness of the intervention and the
outcome of implementation strategies.’”

CHALLENGES WITH PRAGMATIC TRIALS
AND STRATEGIES TO OVERCOME THEM
It is now nearly 60 years since the conceptual-
ization of explanatory and pragmatic trials,
and the enthusiasm for pragmatic trials has

increased substantially since the turn of the
century, likely because of the demand for
real-world evidence at all levels, eg, patients,
caregivers, clinicians, health systems, payers,
and policy-makers, to inform decision-mak-
ing.*’ The rise of the learning health system
(LHS) and the emergence of digital tools also
help overcome the traditional barriers to con-
ducting pragmatic trials.

Challenges of Conducting Pragmatic Trials

To design a pragmatic trial, investigators use the
PRagmatic Explanatory Continuum Indicator
Summary-2 tool to help design trials that are
fit for purpose. The PRagmatic Explanatory
Continuum Indicator Summary-2 tool rates
the extent of pragmatism from 9 dimensions:

(1) Eligibility: To what extent are participants
in the trial similar to those in usual care? A
highly pragmatic approach would be to
include anyone who is likely to be a candi-
date for the intervention if it were being
provided in usual care.

(2) Recruitment: How much extra effort is
made to recruit participants over and
above what would be used in the usual
care setting to engage patients? A highly
pragmatic approach would be to recruit
through usual care at a diverse range of
clinics and hospitals.

(3) Setting: How different are the settings of the
trial from the usual care setting? A highly
pragmatic approach would be to perform
the trial in a similar or identical setting to
which you intend the results to be applied.

(4) Organization. What expertise and re-
sources are needed to deliver the interven-
tion? A highly pragmatic design would not

Mayo Clin Proc Digital Health ® December 2024;2(4):499-510 ® https://doi.org/10.1016/j.mcpdig.2024.06.010

www.mcpdigitalhealth.org


https://doi.org/10.1016/j.mcpdig.2024.06.010
http://www.mcpdigitalhealth.org

ASSESSING Al SOLUTION EFFECTIVENESS

require a lot of additional clinical expertise
or resources that are difficult to obtain or
do not exist in that setting.

Flexibility (delivery): How much flexibility
is there to deliver the intervention? In a
highly pragmatic trial, how to deliver an
intervention is not rigidly prescriptive,
leaving the details up to providers.
Flexibility (adherence): What measures are
in place to ensure participants adhere to
the intervention? A highly pragmatic
design would allow for full flexibility in

(5

Z

6

Nl

how end users engage with the
intervention.
(7) Follow-up: How closely are participants

followed wup? The most pragmatic
approach would be to have no more
follow-up of recipients than would be
the case in usual care.

(8) Primary outcome: How relevant is it to
participants? A pragmatic approach would
be to select an outcome that is of obvious
importance  from  the  participants’
perspective.

(9) Primary analysis: To what extent are all
data included? A pragmatic approach
would be an intention-to-treat analysis us-
ing all available data.

Although there is no consensus regarding
above which threshold a trial should be
considered pragmatic rather than explanatory,
most would agree that a pragmatic trial should
be rated as rather or very pragmatic in most of
the 9 dimensions, " which leads to the chal-
lenges with conducting pragmatic trials.

One accepted limitation of the pragmatic
trial is that the increased generalizability or
external validity comes at the cost of the
reduced internal validity. Few pragmatic trials
are able to use blinding or placebo controls.
When allowing flexibility in care delivery
and adherence, cross-over between random-
ized arms and lack of adherence are common;
requiring primary analysis, such as all data in
an intent-to-treat analysis, often leads to an es-
timate of treatment effect toward null. When
requiring no more follow-up than routine
practice and relying on existing data collected
from care delivery to ascertain outcomes, it
runs into the risk that different sites might
obtain the measurement using different ap-
proaches or definitions, and the baseline

characteristics and outcomes can be misclassi-
fied. Therefore, the choice of outcomes in a
pragmatic trial is often limited to those that
are both readily available in EHR and least
likely to be subject to site-level or clinician-
level variation. For example, all-cause mortal-
ity would be more commonly used than
cause-specific mortality.””

A less accepted or more challenging limita-
tion of pragmatic trials is the requirement of
large sample sizes and diverse practice set-
tings. First, the patient-centered outcomes in
pragmatic trials are often less sensitive to an
intervention than the outcomes in explanatory
trials. For example, all-cause mortality would
be less sensitive to an intervention than
cause-specific mortality or a biomarker. Sec-
ond, the treatment effect from explanatory tri-
als, which select patients who are most likely
to benefit and managed in academic medical
centers by clinicians with extensive training
and experience with the intervention, would
be greater than that in pragmatic trials. Third,
cluster RCT, a common design of pragmatic
trials, requires a larger sample size due to the
intracluster correlation of the outcomes.
Furthermore, cluster RCT requires a sufficient
number of clusters, eg, clinicians, hospital
floors, and sites. As a result, to achieve high
pragmatism, trials require a large number of
participants and sites. Everything else being
equal, the greater the sample size, the more re-
sources and time it requires. Similarly, every-
thing else being equal, performing a
pragmatic trial from a large number of sites,
including community practices, is more chal-
lenging than conducting an explanatory trial
within a few academic medical centers. In
the following sections, we will discuss how
the rise of LHS and the emergence of digital
tools help mitigate these challenges.

Rise of LHS

Traditional clinical trials rely on a parallel
research infrastructure outside routine clinical
practice to recruit patients, deliver interven-
tions, and measure outcomes. As such, many
people believe that pragmatic trials embedded
into routine clinical practice could reduce the
cost of conducting trials. However, this
perspective oversimplifies the reality. Instead
of straightforward cost reduction, it often rep-
resents a transfer of costs from research to

Mayo Clin Proc Digital Health m December 2024:2(4):499-510 ® https://doi.org/10.1016/j.mcpdig.2024.06.010

www.mcpdigitalhealth.org


https://doi.org/10.1016/j.mcpdig.2024.06.010
http://www.mcpdigitalhealth.org

MAYO CLINIC PROCEEDINGS: DIGITAL HEALTH

Routine Practice

* Abstract medical history to support clinical
decision making

* Measure quality of care

» Communicate with patients

Research

* Abstract medical history to determine
eligibility

* Track outcomes

* Invite patients and follow up

FIGURE 3. Same set of digital tools applied to practice and research within a leaming health system.

practice. Frontline staff—physicians, nurses,
and administrative personnel—become inte-
gral to the trial process. Their involvement ne-
cessitates time, effort, and resources, which
may offset any initial cost savings. Moreover,
trialists encounter resistance, especially when
clinicians are already burdened with clinical
tasks and lack extensive research training or
interest. Explaining concepts like randomiza-
tion to patients and introducing research
studies can be uncomfortable for clinicians
primarily focused on patient care. Historically,
health systems have provided limited incen-
tives for staff, particularly nonphysician
personnel and those outside academic medi-
cine, to engage in research. In addition, relying
on clinical staff without extensive research
training and experience might not be efficient
as additional training, monitoring, and quality
assurance are needed. Neglecting these pro-
cedures can jeopardize human subject protec-
tion and compromise the validity of the
research.

The rise of LHS over the past 15 years has
mitigated this challenge to some extent. Per
the Agency for Health Care Research and
Quality definition, an LHS is a health system
in which internal data and experience are sys-
tematically integrated with external evidence,
and that knowledge is put into practice.”” A
critical role of LHS lies in shifting the mindset
of health system leaders and staff. There has
been growing recognition that a health sys-
tem’s responsibility extends beyond merely
delivering clinical services and generating evi-
dence is an integral part of health care deliv-
ery. Consequently, health system leadership
is more inclined to accept the costs associated
with pragmatic trials. Clinical units, which
traditionally focused solely on practice, are
now more willing to accommodate additional
requests from research teams. Moreover,

many health systems provide incentives for
staff—especially those outside academic med-
icine—to engage in research. There is also a
greater understanding that these costs and
burdens from embedded research represent
necessary investments in providing high-
quality care, positioning health systems
competitively, and reaping financial benefits
tied to performance-based reimbursement.”’

In addition to changing the mindsets of
the health systems and staff, another charac-
teristic of LHS is the investment in building
a robust data and IT infrastructure to support
clinical decision-making and measure the
quality of care. The same set of tools can be
used in research, especially embedded prag-
matic trials (Figure 3). For example, both the
EAGLE and BEAGLE trials’' ™" used both
structured and unstructured data to abstract
patients’ medical history to determine patient
eligibility and follow-up on outcomes. These
were the same set of tools used to power qual-
ity dashboards and other measurements. In
the BEAGLE trial,”> patients were invited
either electronically through the patient portal
or postal mail based on their indicated
communication preference in the EHR, which
is the same workflow used to communicate
with patients in routine practice.

Digital Tools and Decentralized Trials

One way to overcome the challenges of con-
ducting pragmatic trials is to shift the mindset,
engage staff, and more efficiently use the infor-
mation from routine practice with the data and
IT infrastructure, which is facilitated by the
rise of LHS. The other method involves
bypassing the clinical and administrative staff
and reducing their burden through digital
tools and decentralized trial design.”* Tradi-
tionally, clinical trials are centralized in that
all trial procedures are conducted at research
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sites; a fully decentralized trial will be a trial
where all procedures will be conducted virtu-
ally or remotely without requiring participants
to visit a research site. Fully decentralized tri-
als are still rare, whereas most trials going for-
ward will be hybrid in that some procedures
will be conducted onsite and some will be
conducted virtually using telemedicine, mo-
bile health apps, wearable devices, and elec-
tronic consent to collect data and monitor
participants. This allows for more accessibility
and convenience for a broader range of partic-
ipants, but there exist limitations, such as chal-
lenges related to technology access and literacy
and maintaining participant engagement over
time without face-to-face interactions.

Both pragmatic and explanatory trials can
be decentralized. but pragmatic trials are often
easier to decentralize. First, pragmatic trials are
mostly minimal risk research; often, partici-
pants can read the materials and consent
remotely without the presence of a clinician
or research staff. Second, routine clinical prac-
tice is already decentralized in many ways, so
pragmatic trials embedded into routine prac-
tice can leverage the decentralized features in
everyday practice. For instance, patients
seeking subspecialty care at academic medical
centers can follow-up with their primary care
providers in community practice and fill med-
ications at local drug stores. In addition,
routine practices increasingly adopt remote
home monitoring that directly transmits data
back to the providers. Pragmatic trials can
readily incorporate these routine practice fea-
tures, whereas in explanatory trials, the inter-
vention, and the outcome measures (eg, a
biomarker) might not be available outside a
few academic medical centers.

Among the first wave of decentralized tri-
als is the batch enrollment for an Al-guided
intervention to lower neurologic events in pa-
tients with undiagnosed atrial fibrillation
(BEAGLE). The BEAGLE trial is a decentral-
ized, pragmatic trial utilizing EHR, digital phe-
notyping algorithms, and remote monitoring
technologies to evaluate an AI algorithm
designed to detect previously undiagnosed
atrial fibrillation in patients at risk of stroke.”’

Another Mayo Clinic team is also building
a digital biobank, collecting data from digital
wearable devices, such as the Apple watch.
In a recent study published in Nature

Medicine, the authors enrolled 2454 unique
participants from 46 US states and 11 coun-
tries, who downloaded a Mayo Clinic iPhone
application that sends Apple watch electrocar-
diograms (ECGs) to the study’s data platform.
These participants sent 125,610 ECGs to the
data platform. On average, patients used the
study application 2.1 times each month, and
increasing use positively correlated with pa-
tient age.”” Other decentralized trials utilizing
this infrastructure are also under way."

EXAMPLES BY RCT DESIGN

Conceptually, clinical trials can be divided
into randomized trials and nonrandomized tri-
als; in the meantime, clinical trials can also be
categorized as explanatory trials or pragmatic
trials. In other words, explanatory trials can
be either randomized or nonrandomized;
and similarly, pragmatic trials can be either
randomized or nonrandomized as well. Here,
when we present the examples below, we
focus on the most salient pragmatic trials—the
pragmatic RCT.

Depending on the unit of randomization,
RCTs can be divided into randomization at
the individual-level and randomization at the
group level, and the latter is also called cluster
randomized trial (CRT). Stepped wedged trial
is a subtype of CRT. Individual-level random-
ization should always be used unless a strong
rationale exists for group level randomization
because of the logistic and analytical chal-
lenges with CRT, eg, increased risk of bias
and reduced statistical power.”’

The most common reasons for using a
cluster randomization design are the interven-
tion is a group level intervention or there ex-
ists a high risk of contamination, ie, the
treatment effect can spill over to participants
in the same group. In these cases, due to the
nature of the intervention, the purpose of the
trial is often to evaluate the effectiveness of
the intervention, eg, a new tool to promote
cancer screening or a quality improvement
program, so group level randomization is
more prevalent in the pragmatic trials than
in the explanatory trials, but there exist
explanatory CRTs with a focus on the effi-
cacy.™ In other words, there are pragmatic
RCTs using cluster randomization, but there
are many other pragmatic RCTs using
individual-level =~ randomization;  similarly,

Mayo Clin Proc Digital Health m December 2024:2(4):499-510 ® https://doi.org/10.1016/j.mcpdig.2024.06.010

www.mcpdigitalhealth.org


https://doi.org/10.1016/j.mcpdig.2024.06.010
http://www.mcpdigitalhealth.org

MAYO CLINIC PROCEEDINGS: DIGITAL HEALTH

most explanatory RCTs use individual-level
randomization, but there also exist explana-
tory RCTs that use cluster randomization.

Individual-Level Randomization
Individual-level randomization trials are RCTs
where the unit of randomization is an individ-
ual participant. Individual-level randomization
facilitates a straightforward comparison be-
tween treatment and control groups, allowing
for precise assessments of the intervention’s
effect.

One example of an individual-level ran-
domized trial evaluating the effectiveness of
Al in clinical practice is the Screening for Peri-
partum Cardiomyopathies using Artificial In-
telligence in Nigeria (SPEC-AI Nigeria).
Nigeria has the highest reported incidence of
peripartum cardiomyopathy worldwide. This
trial is currently evaluating an Al-enabled
ECG’s ability to detect cardiomyopathy in in-
dividuals seeking routine obstetrics care at 6
sites in Nigeria. They aim to enroll 1000 preg-
nant and postpartum women randomized to
routine care with the AI-ECG cardiomyopathy
screening, with the primary outcome being a
new diagnosis of cardiomyopathy during preg-
nancy or within 12 months postpartum.”’

The effect of LLM in assisting discharge
summary notes writing for hospitalized pa-
tients is another ongoing individual-level ran-
domized trial evaluating whether discharge
summary writing assisted by a LLM, checker
for unvalidated response errors, improves
care delivery without adversely affecting pa-
tient outcomes. Participating clinicians are
randomized to the control group, who will
continue with standard practice for discharge
summary writing, or the intervention group,
who will have access to checker for unvali-
dated response errors to assist with discharge
summary writing. This is a pilot study, aiming
to assess the feasibility of later carrying out a
full-scale RCT.”"

Cluster Randomized Trial

The CRTs are randomized trials where the unit
of randomization is a cluster, or group of indi-
viduals, such as participants managed by the
same clinician, on the same hospital floor, or
within the same hospital. This approach is
useful when evaluating interventions typically
delivered at the group level or when the

intervention’s effects are likely to spill over to
other participants, ie, contamination.”' Limita-
tions of CRTs include the possible need for
larger sample sizes and large numbers of clus-
ters,”” which possibly increases the cost and
complexity of the trial.

One salient example of a CRT assessing
AT’s role in clinical practice is the EAGLE trial,
which assessed an ECG-based Al-powered
clinical decision support tool’s ability to enable
early diagnosis of low ejection fraction in
routine primary care. A primary care team
was considered a cluster, and 120 primary
care teams from 45 clinics or hospitals were
1:1 randomized to either the intervention
arm, with access to Al results, or usual care.
The trial encompassed 22,641 adults without
prior heart failure diagnoses and found a sig-
nificant increase in detection of low ejection
fraction in the intervention.**””~ 7’

The Al-enhanced ECG to detect cardiac
amyloidosis: protocol for a pragmatic cluster
randomized clinical trial (PREDICT-AMY) is
another example of an ongoing CRT. This trial
evaluates an Al-based tool’s ability to detect
cardiac amyloidosis from 12-lead ECGs in
everyday practice. The trial randomizes pro-
viders to an interventional arm or standard-
of-care arm. Providers in the interventional
arms are notified about patients whose Al-
determined scores yield above predetermined
cut-offs for cardiac amyloidosis risk. Providers
are then provided with links to cardiac amy-
loid education and an amyloid order set. If
additional results identified by the electronic
retrieval programs permit additional risk
models to be calculated, an enhanced risk
score is also calculated, which is communi-
cated to the provider.”®

A study to detect advanced liver disease by
Al-enabled ECG (ADVANCE) is another
ongoing cluster randomized study evaluating
the effectiveness of the Al-cirrhosis-ECG 2.0
(ACE2.0) model in its ability to detect
advanced liver fibrosis in its early stages using
Al analysis of ECG data. Care teams within 45
Mayo Clinic practices are randomized in a 1:1
ratio to usual care or the intervention arm,
where providers are alerted regarding their pa-
tients’ likelthood of advanced liver disease.
Providers with patients identified as at risk
by the ACE2.0 model are then given recom-
mendations to order a FibroTest-ActiTest.”””"
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Stepped Wedge Trials

Stepped wedge trial is a subtype of CRTs and an
alternative to parallel CRTs. In a stepped wedge
trial, there is an initial period in which no clus-
ters are exposed to the intervention; subse-
quently, at regular intervals (so-called steps),
one cluster or a group of clusters is randomized
to cross from the control to the intervention
arm. This process continues until all clusters
have crossed over to be exposed to the interven-
tion, and there is a period when all clusters are
exposed at the end of the study.”” In general,
stepped wedge trials are most appropriate for
interventions when introducing the interven-
tion simultaneously across participants is not
feasible, due to financial, logistical, or other
practical constraints.”’ Stepped wedge trials
are, by nature, pragmatic trials involving
randomization. To the best of our knowledge,
we have not seen any nonrandomized or
explanatory trials that are stepped wedge trials.
Limitations on stepped wedge trials include
their design and analysis complexity, their
longer duration when compared with tradi-
tional RCTs due to their phased rollout, and
the potential for temporal trends to confound
the effects of the intervention.

One example of a stepped wedge trial eval-
uating Al’s effectiveness is an ongoing study by
Heinzen et al,°* which aims to evaluate the util-
ity of a machine learning algorithm in identi-
fying patients with a high likelihood of
palliative care need and thereby reducing time
to palliative care consultation in outpatient pri-
mary care. Forty-two care team units in 9 clus-
ters are randomized to 7 wedges, with
treatment wedges integrating the algorithm
into clinical practice. Weekly, 40 patients with
the highest predicted palliative care scores as
defined by the algorithm are identified and pre-
sented to palliative medicine specialists to
determine the need for palliative care referral.
New care teams enter the treatment arm every
42 days, with the first wedge including all units
on the control arm and the last wedge including
all units on the intervention arm.®'

In the inpatient setting, another stepped
wedge trial assessed an Al model’s ability to
predict the need for palliative care consulta-
tion. Focusing on hospitalized patients who
could benefit most from timely palliative care
consultations, the study evaluated the Al

model’s predictive accuracy and its impact
on clinical outcomes. Over the trial period, pa-
tient clusters randomized to the intervention
arm were 40% more likely to receive timely
palliative care, demonstrating the model’s
capability to identify patient needs.’” Another
similar pragmatic, cluster randomized, step-
ped wedge trial found that the use of an Al-
powered decision support tool for predicting
patient needs for inpatient palliative care ser-
vices increased the palliative consultation rate
among hospitalized patients.”’

CONCLUSION

A pragmatic trial is a study design used for
evaluating the effectiveness of an intervention
in contrast to the efficacy of an intervention
in an explanatory trial. Pragmatic trials are
well-suited for evaluating the health impact
of Al technologies in large populations. They
offer the advantage of informing real-world
decisions with a focus on patient-centered out-
comes and can be generalized to diverse
routine practice settings. Many Al technologies
are inherently embedded in routine clinical
practice, and their efficacy has often been
found through technical performance, usabil-
ity, and acceptability evaluations. Conse-
quently, the primary intent during the final
stage of Al evaluation is to inform real-world
decisions rather than understanding the mech-
anism of action. With the rise of LHS and the
ability to leverage digital health technologies to
facilitate and improve the efficiency of trial
conduct, some of the challenges of conducting
pragmatic trials have been overcome. As the
expansion of Al's role in health care, pragmatic
trials will remain pivotal in producing the ev-
idence needed to guide decision-making for
patients, clinicians, and health systems.
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