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ABSTRACT

Background The REvascularization CHoices Among Under-Represented Groups Evaluation (RECHARGE) program is
enrolling 1200 women, Black and Hispanic patients, in 2 parallel randomized trials of percutaneous coronary intervention
vs coronary arfery bypass grafting.

Methods Funded by a phased Patient-Centered Outcomes Research Institute award, the pilot phase was designed to
assess the feasibility of enrolling groups historically under-represented and challenging to enroll in prior revascularization
trials, evaluate willingness of patients to accept randomization, refine patient and stakeholder engagement, and scale site
infrastructure and data collection across diverse centers. We report key insights from the pilot phase.

Results Physician and patient treatment preferences, often shaped by prior experience and evidence not directly ap-
plicable to these cohorts, were the main reasons eligible patients were not randomized. Many sites also lacked consistent
multidisciplinary Heart Team processes for coronary disease, requiring new workflows to establish equipoise between percu-
taneous coronary intervention and coronary artery bypass grafting. Successful recruitment required intentional trust-building
and tailored patientfacing materials, while engagement of non-academic centers demanded added financial, educational,
and startup support. During the 2-year pilot phase, 91 US and 17 Canadian sites were selected, and 65 were activated.
Median activation time was 10.8 months (Interquartile range [IQR] 9.1-13.6). The pilot enrollment goal of 60 participants
was exceeded, with 141 patients randomized within 13 months at a mean rate of 0.27 patients/site/month, prompting
expansion fo up to 150 sites for the full program.
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Conclusion The lessons learned from the pilot phase of the REvascularization CHoices Among Under-Represented
Groups Evaluation program can inform the design and implementation of future randomized trials seeking to enroll tradition-
ally under-represented populations.

Trial Registration REvascularization CHoices Among Under-Represented Groups Evaluation: The RECHARGE Trial;
NCT06399705 (RECHARGE:M) and NCT06399692 (RECHARGE:W).(Am Heart ) 2026,;301:107515.)

Key Points

The Question: Can dedicated random-
ized trials of PCl versus CABG suc-
cessfully enroll women, Black, and His-
panic patients with multivessel or left
main coronary artery disease who have
been historically under-represented in
prior revascularization trials, and what
lessons from the feasibility phase can
inform the design and implementation
of future trials seeking to enroll tradi-
tionally under-represented populations?
The Findings: In the 2-year pilot phase,
91 U.S. and 17 Canadian sites were se-
lected, 65 were activated, and the pilot
enrollment goal of 60 participants was
exceeded, with 141 patients randomized
within 13 months. Physician and patient
treatment preferences were the main
reasons eligible patients were not ran-
domized; many sites lacked consistent
multidisciplinary Heart Team processes
for coronary disease, while successful
recruitment required intentional trust-
building, tailored patient-facing mate-
rials, and added financial, educational,
and start-up support for non-academic
centers.

The Implications: The lessons learned
from the pilot phase of the RECHARGE
program can inform the design and im-
plementation of future randomized tri-
als seeking to enroll traditionally under-
represented populations. Designing tri-
als dedicated to under-represented pa-
tient groups, with tailored trial design
and engagement activities, may be key
to providing robust and informative
data to support patient-centered revas-
cularization choices.

Rationale for REvascularization CHoices
Among Under-Represented Groups
Evaluation (RECHARGE)

Each year, over one million US patients undergo coro-
nary revascularization with percutaneous coronary in-
tervention (PCI) or coronary artery bypass grafting
(CABG).! Although landmark trials have reported broadly
similar long-term outcomes with both approaches,” the
timing and distribution of risks and benefits differ. PCI
is associated with fewer procedural complications and
faster recovery while CABG provides more durable pro-
tection with lower risks of recurrent cardiac events and
repeat procedures.’”” These trade-offs are modulated by
coronary anatomy, functional status, and comorbidities,
such that informed patient preference is universally en-
dorsed when selecting a revascularization strategy.®-°

To date, most clinical trials comparing PCI and CABG
have predominantly enrolled White men, with limited
participation of women, racial, and ethnic minority pop-
ulations. For example, the Evaluation of XIENCE vs Coro-
nary Artery Bypass Surgery for Effectiveness of Left
Main Revascularization (EXCEL) trial,? the largest con-
temporary comparison of PCI and CABG, enrolled only
23% women and 8% non-White patients. The synergy
between PCI with TAXUS and Cardiac Surgery (SYN-
TAX) trial'® and the Nordic-Baltic-British Left Main
Revascularisation (NOBLE) trials'! included approxi-
mately 22% women and did not even report race. More
broadly, women have accounted for ~21% of partici-
pants in cardiac surgery randomized trials, and fewer
than half of cardiovascular trials have reported race or
ethnicity.'%1?

Outcomes after PCI and CABG may differ by sex, race,
and ethnicity. Women experience higher rates of adverse
events after both CABG and PCI, potentially related to
differences in anatomy, comorbidity burden, and proce-
dural risk.'*-% Black and Hispanic patients experience
worse outcomes after both CABG and PCI than White pa-
tients, potentially due to differing clinical profiles at en-
rollment and barriers to accessing rehabilitation and lon-
gitudinal cardiovascular care.®¥->? Patient priorities for
the reductions in various major cardiovascular events
(eg, death vs stroke vs MI vs repeat revascularization)
vs improvement in quality-oflife (QOL) may also vary
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by sex, race, ethnicity, and influenced by socioeconomic
factors and differing life objectives.”® Despite these bio-
logical, cultural, and socioeconomic differences, no prior
revascularization trials have been performed to assess the
comparative safety of PCI vs CABG and their impact on
cardiovascular outcomes and changes in QOL in these
under-represented groups.

Thus, given differences in clinical characteristics, pro-
cedural outcomes, social conditions, and life priorities,
the results of PCI vs CABG observed in White men
in prior clinical trials should not necessarily be trans-
lated to women or racial/ethnic minority patients. This
paucity of data notwithstanding, ~250,000 women and
>200,000 racial/ethnic minority US patients undergo
coronary revascularization each year. Moreover, given
the increasing importance of shared decision-making,
women, and racial/ethnic minority group patients are
asked to choose between PCI and CABG with little data
to inform their risks and benefits in patients like them.>*
The RECHARGE program was, therefore, designed to
provide, for the first time, high-quality evidence on the
comparative effectiveness of PCI and CABG in women,
Black and Hispanic patients.

Key elements of trial design

RECHARGE (Figure 1) is an integrated program con-
sisting of 2 parallel, individually powered, multicenter,
randomized superiority trials: RECHARGE:Women, en-
rolling ~600 women of any race and ethnicity, and
RECHARGE:Minorities, enrolling ~600 Black or Hispanic
patients of either sex. Women who are also Black or His-
panic will contribute data to both trials, further increas-
ing study power. This structure accommodates poten-
tial heterogeneity in treatment effects between sex and
racial/ethnic groups and permits separate analysis and re-
porting in each cohort.

Eligible participants are adults with multivessel or left
main coronary artery disease requiring revascularization,
in whom the local multidisciplinary Heart Team has de-
termined that clinical and technical equipoise between
PCI and CABG exists. Patients with ST-segment elevation
MI within 3 days or cardiogenic shock are excluded, as
are patients with prior PCI within 12 months or any prior
CABG, as well as those requiring additional cardiovascu-
lar procedures, except left atrial appendage exclusion
or atrial fibrillation ablation. Otherwise, there are few
exclusion criteria. After informed consent, patients are
randomized 1:1 to PCI vs CABG using permuted blocks,
with stratification by site and the presence of left main
disease and minority status (in both trials) and by sex
(in RECHARGE:Minorities). Procedures follow contem-
porary best practices and guideline-directed therapies,
with a strong emphasis on optimal secondary preven-
tion, irrespective of assigned strategy. Follow-up will
continue through 5 years under the current award, and
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all patients have been consented for potential 10-year
follow-up.

The RECHARGE trial program is funded by the Patient-
Centered Outcomes Research Institute (PCORI) as a
phased large award for comparative effectiveness re-
search that required substantial pre-study evidence gen-
eration prior to grant submission, followed by a pilot
feasibility phase before transitioning to full-scale enroll-
ment. This manuscript describes the learnings from the
pre-grant submission and pilot phase of this ongoing trial
program (Clinicaltrials.gov identifiers NCT06399692 and
NCT06399705) to share insights that may be useful to
future trials seeking to enroll more diverse participants.

Protocol planning for endpoint

selection (pre-submission phase)

Multiple considerations and perspectives were consid-
ered in defining the primary endpoint for the RECHARGE
trial program that necessitated novel data collection
prior to grant submission.

Patient perspectives

A major design goal of RECHARGE was to design a
study with a primary endpoint that would be fundamen-
tally meaningful to patients. Prior to grant submission,
a Patient Stakeholder Advisory Board (PSAB) was consti-
tuted to work closely with the RECHARGE leadership to
identify and address the expected challenges of enrolling
traditionally under-represented patient groups and in-
forming the trial endpoints to meaningfully address the
outcomes that matter most to our patients (Supplemen-
tary Table 1). The PSAB is chaired by a woman (RM) who
has undergone both CABG and PCI and co-chaired by a
pastor (PG) committed to engaging the Black community
and other under-represented minority groups in clinical
research. Other members of the PSAB include patient ad-
vocacy leaders and ethics experts, hospital administra-
tors and industry representatives, as well as noninvasive
and invasive cardiologists and cardiac surgeons with ex-
pertise in research involving women and minority group
patients. With their support and guidance, more than 40
focus group sessions and individual interviews were held
with patients who had previously undergone coronary
revascularization, as well as community leaders commit-
ted to engaging women and minorities in research.’® The
clear consensus from these inquiries was that the most
important concerns facing patients considering CABG or
PCI were their survival and QOL. When queried about
whether the primary outcome should be disease-specific
(given that treatment is directed at coronary disease and
no other comorbidities) or overall health status, the latter
was of primary importance. Congruent with prior stud-
ies,?® traditional clinical events, including myocardial in-
farctions [MIs], repeat procedures, etc., were less im-
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Figure 1. Key elements of the RECHARGE trial program. Patients who are women, Black or Hispanic, and have left main or
multivessel coronary artery disease but otherwise are not randomized either because of not meeting all other entry criteria or refusal to
consent by patient or physician are enrolled in a screening registry (not represented in this figure). CABG, coronary artery bypass
grafting; CAD, coronary arfery disease; LM, left main (coronary) disease; MCS, mental component summary (score of SF-12v2); MVD,
multivessel disease; PCI, percutaneous coronary intervention; PCS, physical component summary (score of SF-12v2); QOL, quality of
life; RECHARGE, REvascularization CHoices Among Under-Represented Groups Evaluation; SF-=12v2, 12-ltem Short Form Health

Survey, version 2.
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portant from the patient’s perspective than survival and
QOL.

Scientific perspectives

Based on patients’ priorities, the trial’s principal inves-
tigators adopted a novel primary outcome instead of the
traditional major adverse cardiovascular events (MACE)
endpoint, to both honor patients’ perspectives and to ad-
dress the known limitations of MACE as an endpoint.”’-%3
For example, traditional MACE outcomes do not weight
the individual components of the composite based on
clinical relevance, leading to more frequent and poten-
tially less clinically relevant events (eg, small procedu-
ral myocardial infarctions [MIs] or repeat revasculariza-
tions), dominating the study results and diluting the influ-
ence of more clinically relevant but less common events
(eg, death or stroke). In addition, a less severe MACE (eg,
repeat revascularization) that occurs early is given prior-
ity over a more serious event (eg, death or stroke) that
occurs later but is ignored entirely in standard time-to-
first event analysis. Similarly, recurrent adverse events of
the same or different type are disregarded after the first
event is counted. Finally, the typical 4-component com-
posite MACE outcome (death, stroke, MI, or repeat revas-
cularization) only captures select cardiovascular events
and fails to account for other cardiovascular outcomes
associated with treatment strategy (eg, heart failure, ar-
rhythmias, angina, urgent care visits, and repeat hospi-
talizations, etc.), let alone non-cardiovascular outcomes
(eg, renal failure, bleeding and vascular complications,
infections, depression, time to recovery, musculoskele-
tal chest pain, fatigue and more) that may be as or more
important to patients than the traditional MACE compo-
nents.

Primary and secondary outcomes of RECHARGE

Those key considerations informed by direct patient in-
teractions led to the choice of a hierarchical composite
outcome that includes only mortality and generic health
status over time as the primary outcome for RECHARGE.
This novel measure captures the totality of the effect
of the tested interventions on survival and patient well-
being and provides the data that are most meaningful to
patients, while also overcoming the methodological and
clinical limitations of classic MACE endpoints. The ratio-
nale for the choice of this novel composite outcome, in-
stead of the traditional MACE composite outcome used
in all previous coronary revascularization trials, has been
discussed in detail previously.®*>

Specifically, for both RECHARGE:Women and
RECHARGE:Minorities, the primary powered end-
point is a hierarchical composite of all-cause death
and the time-averaged change from baseline in the
physical and mental component summary scores of the
12-item Short Form Survey®® assessed through 5-year
follow-up when the last enrolled patient reaches 3-year
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follow-up, analyzed by the win ratio. The powered
key secondary endpoint is the time-averaged change in
disease-specific health status, as measured by the Seattle
Angina Questionnaire.®”"*° In addition, over 20 clinical
events (including MI, stroke, repeat revascularization,
rehospitalization, heart failure, arrhythmias, vascular and
bleeding complications, and others) are collected and
adjudicated, and data from 11 QOL instruments will be
reported.04:65:70-76

The decision to use QOL as a central component of
the primary outcome had important consequences on
the trial’s design. To reduce heterogeneity in assessment
and investigator bias, a centralized follow-up core lab,
blinded to treatment allocation and separate from the en-
rolling sites, was established. In addition, to reduce lan-
guage selection bias, translation was obtained not only
for informed patient consent but also for all QOL ques-
tionnaires in 15 languages. These decisions, although
critically important from a clinical and methodological
perspective, added substantial financial cost and logisti-
cal complexity.

There are some limitations of using the win ratio for
hierarchical endpoint analysis and reporting. One chal-
lenge is interpretability for both clinicians and patients,
as valuing the treatment effect size of the win ratio (the
ratio of patient-pair wins divided by losses) is less intu-
itive than absolute risk differences or hazard ratios from
time-to-first event analysis. However, conventional effect
measures for time-to-first MACE composites are also chal-
lenging to interpret when the component events dif-
fer substantially in clinical importance, frequency, tim-
ing, and treatment effect. A hazard ratio or relative risk
for MACE may be driven by less severe but more fre-
quent events, or by early nonfatal events that mask later,
more consequential outcomes. In contrast, the win ratio
enables hierarchical ranking of outcomes according to
their clinical importance. The RECHARGE primary end-
point addresses an explicitly patient-centered question:
which revascularization strategy results in better survival
(the first comparison) and among survivors, better over-
all health status during 3-year to 5-year follow-up (the
second comparison)? Survival is prioritized over QOL,
as QOL only resolves differences when participants have
survived. We acknowledge that this hierarchy may not re-
flect the preferences of all patients, particularly older or
frail individuals who may value QOL over survival. To aid
clinical interpretation and preserve comparability with
prior revascularization trials, the primary win ratio will
be reported together with the win difference (the ab-
solute difference between the proportions of wins and
losses), absolute survival rates, time-averaged differences
in generic and disease-specific QOL, and treatment ef-
fects for conventional clinical outcomes, including death,
MI, stroke, repeat revascularization, hospitalization, and
other adverse events. This approach allows the primary
patient-centered endpoint to be interpreted alongside fa-
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Table 1. lessons leamned recruiting women and underrepresented groups

Recruitment and
retention strategy

RECHARGE feasibility phase observations

American Heart Journal
Month 2026

Actionable tactics for investigators

Communication and
trust-building with
potential participants

Site-level infrastructure
at non-academic
centers

Entrenched practice
patterns and lack of
equipoise

Site activation timelines,
costs, and network
expansion

Physician and patient
treatment preferences

Social determinants of
health data

Public/professional
communication and
awareness-building

1. Focus groups identified concerns regarding
mistreatment of women, Black and Hispanic patients,
in medical research

2. Patients required extended time and tailored
communication materials with inclusion of significant
others in research participation discussions

1. RECHARGE-argeted populations are often treated at
non-academic research-naive centers that emphasize
clinical care and do not hold research infrastructure

2. Certain populations hold naivete regarding global
benefits of human research

1. Physicians rely on inferences and empiricism when
treating under-represented groups

2. Absence of equipoise is a substantial
recruitment/enrollment challenge

1. The mean enrollment rate was substantially lower
than that reported in previous PCl vs CABG frials

2. Site start-up fees were generally higher than
expected and materially affected the budget

1. Over two-thirds of otherwise eligible patients
declined enrollment because of strong treatment
preferences

2. Physicians strongly suggested treatment biases

3. Patients were heavily persuaded by physicians’
opinions

4. Once strong preferences for treatment were

embedded, willingness to be randomized declined

precipitously

. Baseline social determinants of health information

revealed potential participation barriers such as
transportation challenges and language barriers

. Skepticism emerged among some investigators and

trialists regarding the feasibility of enrolling

historically under-represented populations

2. Construct of a novel primary outcome required open
and honest debate

—_

A. Engage a diverse group of patient stakeholders to
co-develop enrollment support

B. Develop effective and culturally sensitive communication
materials addressing the why, what, and how of clinical
trials

C. Take definitive steps to restore trust; begin by listening;
build networks of trusted individuals

D. Explore concise project and consent summaries to counter
extensive legal language; allow patients to “see
themselves”; use multimedia tools (eg, videos); invite
extended discussion with family and friends

A. Anticipate that many potential participants receive care at
non-academic centers with limited research infrastructure.

B. Enable participation via initial financial investment, perhaps
substantial with ROI for future clinical trial enrollment

C. Develop on site education, and at the ready operational
support

A. Highlight evidence gaps and reinforce clinical equipoise
through ongoing, multi-domain structured engagement
across sites

B. Own and normalize uncertainty; promote collective
responsibility for evidence generation

A. Budget accordingly for more “boots-on-the-ground”
recruitment efforts

B. Leverage within focused community liaisons

C. Allocate more funds per site at centers hosting historically
under-represented populations

A. Consider introducing trials earlier in the care pathway (eg,
prior to or immediately after angiography) and, when
feasible, presenting the study jointly across disciplines (both
surgeon and interventionalist present)

B. Develop coordinated messaging informing both physicians
of record and patients/caregivers that emphasize safety,
equity, and the value of randomization

C. Seek novel ways at the community level to maintain
receptivity to enrollment before preferences solidify

A. Collect social determinants of health data early in a trial
and identify structural barriers to participation

B. Accommodate enrollment barriers in clinical trial planning

A. Engage all parties transparently

B. Disseminate trial rationale and design through professional
forums, institutional education, peerreviewed literature, and
public-facing media

C. Improve acceptability, support site recruitment, and
enhance patient and caregiver awareness

CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; RECHARGE, REvascularization CHoices Among Under-Represented Groups Evaluation;

RO, return on investment.

miliar event-based outcomes to support clinical decision-
making and inform future guidelines without relying on

the win ratio alone.”

The pilot phase

The PCORI pilot phase for RECHARGE was designed to
achieve several main goals (Table 1):

1. To confirm the feasibility of enrolling the target
population and assessing the rate of patient recruit-

ment. Due to the absence of solid data on en-
rollment rates in coronary revascularization trials
for women, Black and Hispanic patients, the pi-
lot phase assessed recruitment across 60 centers.
From this process, it was learned that baseline data,
which included information on social determinants
of health, could be leveraged to identify potential
participation barriers, such as transportation diffi-
culties and language barriers, which could be proac-
tively addressed to support enrollment.
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2. To evaluate patients’ willingness to be randomized proved study procedures and protocol refinement

to PCI vs CABG. The investigators evaluated the at-
titudes and concerns of women, Black and Hispanic
patients, toward randomization through interviews
and focus groups with people having lived expe-
riences with coronary revascularization, including
sessions conducted in Spanish.’> Lessons learned
were central to formulating supportive patient-
facing materials and site training. Key examples in-
clude highlighting the current gap in knowledge
about the best treatment for patients like them; the
altruistic benefit of informing future practice; giv-
ing potential participants time to discuss the op-
portunity with their friends and family; emphasiz-
ing that both treatments are standard, state-of-the-art
care; and the value of having the interventionalists
and cardiac surgeons, ideally together, introduce the
trial to potential participants.

. To optimize communication and patient engage-
ment. Given concerns of past mistreatment of Black
patients and women in medical research, the PSAB
was challenged to develop strategies to best explain
and reassure potential participants about enrolling
in RECHARGE. These insights represent another key
benefit of having conducted focus groups with pa-
tients similar to the target population to understand
barriers and facilitators to participation.>’->%,78-80
After reflecting on the lessons learned from the
focus groups, the PSAB developed several aids to
support enrollment. The first was an introduc-
tory brochure that directly addressed the need for
RECHARGE, what a clinical trial is, how treatment is
assigned, the historic mistrust of medical research,
and encouragement to learn more about the trial.
The second document was a one-page summary
of the informed consent document to condense
the extensive legal language used in current con-
sent forms. Finally, YouTube videos®! were created
by the RECHARGE principal investigators, steering
committee, and PSAB members discussing different
aspects of RECHARGE to better acquaint potential
participants with the trial. Substantial effort was
made so the qualifying patient population would
“see themselves” in these materials. In addition, the
PSAB provided important insights into how best to
approach potential participants. Most importantly,
the focus groups identified that patients need time
to discuss trial participation with their family and
friends, which was communicated to sites during
the activation process.

. To build an efficient trial infrastructure. The pilot
phase included time for finalizing legal agreements,
obtaining regulatory approvals, and piloting data
collection systems. Selected sites tested workflows
for reducing implicit bias in screening, randomiza-
tion, data collection, and follow-up, from which im-

occurred.

5. To finalize case report forms. Recognizing that a
myriad of outcomes might be important to pa-
tients and that a number of social determinants of
health could influence these outcomes, an exten-
sive review of the data collection forms assessing
participants’ socio-demographic characteristics and
patient-reported outcomes was done with the PSAB.
This enabled the study to collect potentially sen-
sitive information (eg, economic status, drug use,
food or transportation insecurity) in a culturally ac-
ceptable manner. Moreover, additional QOL instru-
ments were endorsed as being important in un-
derstanding the risks and benefits of CABG and
PCI.%.05,79-76 The final case report forms were heav-
ily influenced by PSAB input.

6. To “spread the word” across the clinical and aca-
demic community. To generate knowledge of the
trial, recruit new interested sites, and assess ac-
ceptability of the novel primary endpoint (improve-
ment in survival and QOL), numerous talks were
delivered by the investigators at major cardiology
and surgical societal congresses, as well as at spe-
cialty meetings. In addition, the principal investiga-
tors presented dozens of grand rounds at individ-
ual hospitals to support broader awareness, moti-
vate enrollment, and to proactively address ques-
tions from the providers. Conventional media (cov-
erage by Good Morning America and the New
York Times) and social media (X [formerly Twit-
ter], Instagram, YouTube) were used to provide
information about the trial to patients and care-
givers and to assess interest for participation. Ar-
ticles were published in peer-reviewed literature
to describe the novel challenges addressed and so-
lutions developed for the RECHARGE clinical trial
program.”’ -3

7. Live testing of the protocol and identifying barri-
ers to enrollment. Many physicians had expressed
doubts as to whether exclusively enrolling women,
Black and Hispanic patients, into a dedicated trial
was possible. Modest enrollment goals were estab-
lished in collaboration with the trial principal inves-
tigators and PCORI in the pilot phase to live test the
feasibility of enrollment within an acceptable time
frame and to identify clinical and social/societal bar-
riers to enrollment that might be overcome through
process adjustments or protocol amendment during
enrollment in the full phase.

Activities during the pilot phase

The 2-year feasibility phase supported start-up activi-
ties, including protocol approval by the central IRB, or
local IRBs when required, contracting, and pilot phase
enrollment. Over the course of 2 years, 91 US and 17
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Figure 2. Cumulative enrollment during the RECHARGE pilot phase. Note that because patients can belong to more than one
subgroup (eg, a participant may be both female and Black and/or Hispanic), the subgroup totals are different than the overall

cumulative enrollment.
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Canadian sites were selected to participate, of which 65
(61 US, 4 Canada) were activated by the end of the pilot
phase, with 43 more in process. Median activation time
(defined as the time from receipt of the start-up package
to formal activation) was 10.8 (Interquartile range [IQR]
9.1-13.6) months.

In RECHARGE, sites have the option to use a cen-
tral IRB (Biomedical Research Alliance of New York
[BRANY]) or their local IRB; the median activation time
was 10.7 (AQR 8.5-13.5) months for sites using the cen-
tral IRB and 11.3 (AQR 9.7-13.5) months for sites using
their local IRB (P = .38). These times were longer than
expected and were principally attributable to delays in
hospital contracting and IRB approval, whereas site ac-
tivation generally occurred within several weeks after
these prior activities were complete. Site start-up fees
were, in general, also higher than expected and had a ma-
jor impact on the trial budget. The median start-up cost
(defined as all costs needed for activation) was $9,500
QR $9,500-$12,500; range $5,000-$17,000); a few cen-
ters with substantially higher start-up costs were rejected
from participation.

To establish feasibility for the full trial, the pilot phase
enrollment goal was 60 patients (5% of the maximum ex-
pected sample size) within 2 years (including all start-
up activities). This goal was substantially exceeded, with
141 patients (74 women, 58 Black and 42 Hispanic) ran-

domized within 13 months (Figure 2). The mean enroll-
ment rate per site was 2 patients over the study period
or 0.27 £ 0.44 patients/month (ranging across sites from
0 to 2.92 patients/month). This mean rate was substan-
tially lower than that reported in previous PCI vs CABG
trials that recruited mostly White men. Based on this
consideration, the number of participating sites was in-
creased from 60 to a maximum of 150, and it was de-
cided to include select European sites (for enrollment in
RECHARGE:Women only).

Finally, seven peerreviewed articles were published
describing the novelty, scientific rationale for and objec-
tives of RECHARGE,”’"% and a protocol amendment has
been prepared to clarify several of the inclusion and ex-
clusion criteria (including the definition of “equipoise”),
to better define the RECHARGE registry (patients who
are women, Black or Hispanic and have left main or mul-
tivessel disease but are otherwise not randomized), and
to further define the statistical methods. However, the
core goals and design elements of the original protocol
remain unchanged.

Lessons learned, challenges, and
ongoing activities

Despite the preliminary work done in the design stage,
several enrollment barriers became evident during the
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pilot phase, which are being addressed during the full
phase of the trial recruitment.

Concerns regarding enrollment feasibility and
endpoints

After PCORI funding was publicly announced, sev-
eral trialists and investigators (even some who agreed
to participate) raised concerns about the inclusion and
exclusion criteria, being skeptical about the feasibility
of enrolling patient groups that have been traditionally
difficult to engage. Others were concerned about the
study’s primary outcome, as compared with the tradi-
tional MACE endpoint of prior PCI vs CABG trials. To
directly address these preconceived issues and biases, a
systematic process of engaging detractors to better un-
derstand their concerns was undertaken. These efforts
not only reassured the investigators but also contributed
to the development of the broader professional educa-
tion efforts described above. These activities will be con-
tinued during the full phase.

Site selection and eligibility issues

To enhance generalizability and equity, RECHARGE im-
plemented strategies to enroll a broadly representative
population, including: (1) recruiting from both urban
academic medical centers and community, rural, and
safety-net hospitals; (2) including sites that serve patients
who are Medicaid-insured, uninsured, or non-English-
speaking; (3) designing the trial with few exclusion cri-
teria to maximize eligibility; and (4) collecting detailed
data on social determinants of health to enable rigorous
assessment of representativeness.

Site-level infrastructure challenges to enrollment

The patient populations targeted by RECHARGE are of-
ten treated at non-academic medical centers that empha-
size clinical care but often do not participate in academic
research and frequently lack a robust research infrastruc-
ture. While including those sites was critical to assuring
enrollment and generalizability, they required more fi-
nancial and educational support than larger, more experi-
enced, academic medical centers. To support these sites
and maintain consistent study performance, the coordi-
nating center uses centralized monitoring procedures,
including routine review of missing visits and incom-
plete case report forms through an internal study dash-
board, as well as regular reports from the centralized
follow-up center on visit completion and follow-up sta-
tus. These processes have helped identify operational
gaps early and direct additional support across heteroge-
neous sites. Future clinical trials recruiting diverse popu-
lations should consider the additional costs and logistical
support required to support practices that are less expe-
rienced in clinical research.

Another key revelation was the way in which revas-
cularization strategies are often selected in routine clin-
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ical care for patients with chronic stable coronary dis-
ease. While most sites have structured multidisciplinary
Heart Teams including surgeons, interventionalists, and
general cardiologists for valvular heart disease, formal
Heart Teams for coronary artery disease rarely exist (at
least in the United States), despite contemporary guide-
lines emphasizing their importance.®> Emphasizing the
lack of prior clinical trial evidence leading to equipoise in
selecting between PCI and CABG in many women, Black
and Hispanic patients, a key effort in RECHARGE has
been to encourage sites to develop better processes for
constituting Heart Teams to collaboratively review coro-
nary cases. This effort was met in some cases with re-
sistance due to substantial logistical challenges in chang-
ing “the way things are done.” Encouragingly, however,
feedback from some sites has indicated that institut-
ing these recommendations has led to better interdis-
ciplinary interaction and improved communication (be-
yond RECHARGE cases) in managing complex coronary
disease. The RECHARGE trial leadership continues to
reinforce the rationale and benefits of multidisciplinary
care and communication.

Physician-level challenges to enrollment

Given the paucity of dedicated comparative outcome
data in women, Black and Hispanic patients, physicians
have spent the last several decades applying evidence
generated from trials that largely enrolled White men
to these under-represented groups. Breaking this en-
trenched practice has proven to be the greatest chal-
lenge to patient recruitment, as reliance on common
clinical characteristics (eg, diabetes, ejection fraction, an-
giographic severity [the SYNTAX score], etc.) that have
been shown to differentiate PCI vs CABG outcomes in
White men has led to an intuitive sense of how best to
treat women, Black and Hispanic patients, even without
comparative data from these populations that are known
to have worse outcomes with both PCI and CABG. Even
less is known as to which revascularization procedure in
these under-represented groups might optimize improve-
ment in QOL. Thus, a major initiative of the RECHARGE
team has been to highlight this lack of evidence and that
equipoise may be present in most RECHARGE-eligible pa-
tients with left main or multivessel disease (although ulti-
mately it is up to the local Heart Team to decide whether
equipoise is present for each potential individual partic-
ipant). Regular calls (monthly or bi-monthly) are hosted
by the RECHARGE principal investigators and PSAB for
all principal investigators and their study teams, regard-
less of enrollment. During these calls, the nuances of
equipoise, logistics, patient communication, and oppor-
tunities for improvement are discussed. Strategies for re-
cruitment success that have been effective at the top en-
rolling centers are shared. Our collective professional re-
sponsibility of learning how to best treat such patients in
the future has been emphasized, acknowledging the mis-
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Figure 3. Site variability in patient vs physician refusal to randomize. The numbers of patients who met all entry criteria but were not
enrolled due to patient unwillingness to be randomized (patientlevel barrier) vs physician lack of equipoise (physician-level barrier) at
each site are demonstrated, the 2 most common reasons for lack of eligible patient participation. Twenty additional sites with no
patients who were not enrolled for either of these reasons are not shown.
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alignment of economic incentives (procedural-based re-
imbursement) in some health systems. Collaborative in-
volvement of both interventional cardiologists and car-
diac surgeons (each identifying patients that might be
sent to the other proceduralist) has been crucial to
overcome this issue. A unique and major strength of
RECHARGE is the diversity of the investigators both in
the leadership committees and at the participating cen-
ters. A diverse and motivated team at each site (including
both a cardiac surgeon and an interventional cardiologist
serving as co-principal investigators) appears to be the
single most important determinant of recruitment suc-
cess.

Patient preference for one or another intervention
Patients often have a strong preference for one or
the other tested intervention; during the pilot phase
over two-thirds of otherwise eligible patients declined
enrollment because of strong treatment preferences, al-
though (perhaps surprisingly) similar proportions pre-
ferred CABG (39%) and PCI (42%). Feedback from site
calls indicated that these preferences were often estab-
lished only after patient interactions with referring physi-
cians, interventionalists, or surgeons who strongly sug-
gested one of the procedures. At many sites the most
convenient point to identify potentially eligible patients
was the initial consultation with a revascularization spe-
cialist (interventionalist or surgeon), which may have in-
advertently reinforced an expectation, by both patient
and clinician, that a specific approach would be pursued.
Once the patient and their family had gone through the
intellectual and emotional adjustment of accepting one
or the other procedure, the willingness to be randomized

declined precipitously. This experience illustrates the im-
portance of anticipating treatment preferences in trials of
interventions that differ markedly in invasiveness, recov-
ery, and perceived long-term durability. In RECHARGE,
the observation that preferences often arose after expo-
sure to a single procedural perspective highlights the im-
portance of the timing and framing of trial discussion
as an opportunity to improve enrollment. More broadly,
systematically considering treatment preferences may in-
crease enrollment by informing how and when the op-
portunity to participate in a study is introduced to the
patient and by identifying the reasons that otherwise el-
igible patients decline randomization.?®> Accelerating the
timing of discussing potential RECHARGE participation
to prior to or immediately after angiography, and hav-
ing both surgeons and interventionalists presenting the
trial together (when possible), have proven to be effec-
tive in communicating the equity, safety, and benefits of
enrolling.

Figure 3 shows the varying impact of the 2 most
important barriers to enrollment at 40 different sites
among patients who otherwise met all entry criteria—
patient unwillingness to be randomized (patientlevel
barrier) and physician lack of equipoise (physician-
level barrier). The number of otherwise eligible pa-
tients not enrolled because of patient unwillingness to
be randomized ranged from O to 40 per site, whereas
the number not enrolled because of physician lack of
equipoise ranged from O to 235 per site. Non-enrollment
at 14 sites was mainly attributable to one of these 2
major barriers, whereas at 26 sites both barriers af-
fected recruitment. These data demonstrate the neces-
sity for center-specific patient (and physician) engage-
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ment strategies based on the needs of each participating
site.

Despite the extensive preparatory work in launch-
ing RECHARGE and the lessons learned to date, the
RECHARGE leadership is continuing to discover the best
approaches to enroll under-represented patients in clini-
cal trials. Across the sites, the number of otherwise eligi-
ble patients who refused to participate in the pilot phase
has ranged from 0 to 60. While the initial focus groups in-
terviewed patients who had previously been treated with
coronary revascularization, few of these participants had
actually faced a decision to be randomized in a clinical
trial, especially to such disparate therapies as PCI and
CABG. To understand these issues, the PSAB is continu-
ing to work with selected sites to interview otherwise el-
igible patients who did vs did not choose to enroll. These
findings will guide the RECHARGE leadership in further
refining its patient-facing materials and to inform sites on
how to best approach such patients going forward.

Conclusions

It has long been recognized that certain patient pop-
ulations are under-represented in clinical trials.®*% The
traditional reaction to this issue has been to declare that
enrollment of these patient groups is a priority. This
strategy, while well-intentioned, has typically failed to
enhance representation of women and minority group
patients in trials that have historically been dominated
by White men. As shown in the Graphical Abstract, the
RECHARGE trial program has taken a different approach,
conducting 2 integrated trials dedicated solely to women
and Black or Hispanic patients. With this strategy, charac-
teristics of the trial design and the engagement activities
can be more efficiently tailored to the target populations.
The resulting trial findings can directly inform culturally-
sensitive, evidence-based revascularization choices for
women, Black and Hispanic patients, supporting patient-
centered clinical decision-making.

As proof of the effectiveness of this approach,
ROMA:Women, a CABG trial including only women led
by the same trials team, completed enrollment of 2000
participants in 31 months, half the time originally esti-
mated.®” To date, RECHARGE is ahead of its enrollment
goals, and has randomized approximately equal num-
bers of minority patients and women, a notable achieve-
ment given the difficulty of recruiting under-represented
minority group patients in prior revascularization trials.
While more data and the completion of the full phase of
RECHARGE are needed to draw final conclusions, design-
ing trials dedicated to under-represented patient groups,
rather than trying to include them in all-comers trials,
may be the key to finally providing robust and informa-
tive data for these populations. However, as appreciated
from the description of the trial activities herein, this has
not just “happened,” but has required the dedicated ef-
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forts of diverse, experienced, and highly motivated lead-
ership and stakeholder groups, entailing substantial time
and resource commitments. But the message is “it can be
done,” and hopefully the realization of RECHARGE will
provide much-needed evidence to inform future patients
with extensive coronary artery disease (and their care-
givers) who have traditionally been under-represented
in mainstream clinical research in selecting the optimal
revascularization approach to meet their life objectives.
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