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Abstract

Background The American College of Cardiology, American Heart Association, and Centers for Medicare and Med-
icaid Services recommend shared decision-making (SDM) for patients with severe aortic stenosis choosing

between transcatheter aortic valve replacement (TAVR) and surgical aortic valve replacement (SAVR). Although tools
such as patient decision aids (DAs) and training in SDM have been shown to improve SDM, implementation of SDM
and DAs is limited. The IMproving treatment decisions for Patients with AortiC stenosis Through Shared Decision
Making (IMPACT SDM) study aims to (1) determine the effectiveness of the interventions (a DA and clinician SDM
training) in achieving SDM (primary outcome) and improving the quality of decisions about aortic valve replacement,
(2) determine the reach of the DAs and adoption of training, and (3) explore potential mechanisms of effectiveness
and implementation at the patient-, clinician-, and clinic-level.

Methods The study is a hybrid type Il effectiveness-implementation study using a cluster randomized batched
stepped wedge trial with 8 sites across the USA. Eligible patients will be surveyed before and after visits with the heart
valve team; clinicians will be surveyed after visits. Reach of DAs and adoption of training will be tracked. Clinicians will
be interviewed regarding barriers and facilitators to implementation.

Discussion The IMPACT SDM Study seeks to provide evidence of the ability of the interventions to improve SDM
and decision quality, and also to shed light on barriers and facilitators to SDM implementation to promote future
implementation efforts.

Trial registration ClinicalTrials.gov NCT06171737. Registered on December 15, 2023.

Keywords Aortic valve stenosis, Decision-making, Shared, Decision aid, Continuing medical education, Cardiology,
Transcatheter aortic valve replacement
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Introduction

Background and rationale {6a}

The American College of Cardiology (ACC) and Ameri-
can Heart Association (AHA) recommend shared
decision-making (SDM) for patients with severe aor-
tic stenosis (AS) choosing between transcatheter aor-
tic valve replacement (TAVR) and surgical aortic valve
replacement (SAVR). SAVR was historically the only
treatment for severe AS until 2011 when TAVR was
approved for use in patients at prohibitive risk for sur-
gery. TAVR indications have since expanded, including
symptomatic patients at intermediate or high surgical
risk (in 2016) and low surgical risk over the age of 65 (in
2019) [1]. These types of decisions, where a new, disrup-
tive technology rapidly alters the decision landscape, add
complexity for patients and clinicians. While the cover-
age decision does not mandate the use of a decision aid
for SDM, the US Centers for Medicare and Medicaid Ser-
vices (CMS) does require evaluation by a multidiscipli-
nary heart valve team, including both a cardiac surgeon
and interventional cardiologist, as a condition for reim-
bursement for TAVR [1, 2]. However, a recent systematic
review of decision-making in severe AS found very few
elements of SDM in routine care, highlighting barriers
to SDM from the patients’ perspective including lack of
information, not being included in decision-making, and
dealing with multiple serious co-morbidities [3]. A broad
Cochrane systematic review has identified common bar-
riers to SDM implementation including time constraints,
perceived lack of applicability, and lack of clinician sup-
port [4, 5]. Common organizational and system level
barriers include lack of team-based culture, limited lead-
ership support, and misaligned financial incentives [6—
8]. Further, barriers specific to the context of severe AS
include older patient age, limited patient activation, and
severity of disease [3, 9]. Unfortunately, the guidelines
recommending SDM have not provided any guidance for
how to overcome these barriers to implementing SDM
into routine care.

While the heart valve team approach mandated by
CMS may address some of these known barriers to SDM
in cardiology and cardiac surgery settings (e.g., financial
incentives, leadership support, and clinician support), it
is likely that other strategies will be needed to achieve
fidelity to SDM in this setting. A recent survey of heart
valve team physicians ranked clinician SDM skills train-
ing, leadership support, and patient decision aids as the
top three priorities to effectively implement SDM [10—
12]. A combination of clinician-directed strategies (e.g.,
training and educational materials) and patient-directed
strategies (e.g., patient decision aids) makes more effec-
tive use of visit time and promotes shared decision-mak-
ing [13].
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There is a critical need for evidence to help clinics
implement SDM into the pre-procedural assessment of
patients with severe aortic stenosis. The goal of the pro-
posal is to determine the effectiveness of the heart valve
team alone compared to the heart valve team with formal
patient-level (patient decision aids) and clinician-level
(SDM skills training) SDM strategies. The protocol here
is reported using the Trials structured Study Protocol
template.

Objectives {7}

The goal for this study is to generate evidence of the
effectiveness of a multi-faceted implementation strategy
(a toolkit plus external facilitation) in promoting use of
evidence-based SDM interventions (DAs and clinician
training) to achieve SDM. The proposal will achieve the
following aims:

1. Determine the effectiveness of the interventions in
achieving SDM and improving the quality of deci-
sions about aortic valve replacement.

Hypothesis 1: Patients in the intervention period
will report higher SDM scores compared to those in
comparator period.

Research question 1la: Do SDM scores differ in vul-
nerable populations (e.g., low literacy, elderly, and
racial/ethnic minorities)?

Hypothesis 2: Patients in the intervention period
will report higher knowledge and more informed,
patient-centered decisions compared to those in
comparator period.

Research question 2a: Do knowledge or informed,
patient-centered decisions outcomes differ in vul-
nerable populations (e.g., low literacy, elderly, and
racial/ethnic minorities)?

2. Determine the reach of the DAs and adoption of
training.

Hypothesis 3: Sites will reach at least 70% of eligible
patients.

Research question 3a: Does reach differ in vulnera-
ble populations (e.g., low literacy, elderly, and racial/
ethnic minorities)?

Hypothesis 4: Sites will have at least 70% of clini-
cians adopt the training.

3. Explore potential mechanisms of effectiveness and
implementation at the patient-, clinician-, and clinic-
level and identify facilitators of and barriers to sus-
tained use.
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Trial design {8}

The study is a hybrid type II effectiveness-implementa-
tion study. The original design was a cluster randomized
stepped wedge design with 8 steps at 8 sites across the
USA [14]. The stepped wedge cluster randomized design
was chosen for two main reasons. First, sites were hesi-
tant to participate in the trial without a guarantee they
would receive the intervention and this trial design
allows all sites to participate in the intervention by the
end of the trial. Second, the intervention necessitates a
staggered rollout at each site given the time required to
create site-specific workflows for DA delivery and train
the necessary staff which is not feasible with a parallel
trial design. In the study, each site will start in the heart
valve team usual care comparator arm. All sites will
start to enroll patients at the same time; a new site will
switch over to the intervention period (where they will
implement clinician training and DA delivery) every step
(every 4 months).

Patients will complete surveys before the visit (TO)
and shortly after the visits with both heart specialists
(T1). We will randomly select one specialist to com-
plete a short survey after the visit. The main hypotheses
are that compared to patients in the comparator (usual
care), patients in the intervention period will (hypoth-
esis 1) report more SDM at T1 and (hypothesis 2) higher
knowledge and preference-treatment concordant care
at T1. Further, we will test whether the implementation
(hypothesis 3) reaches>70% and (hypothesis 4)>70% of
clinicians adopt the training. The third aim will use inter-
views with key participants at each site to explore experi-
ences, contextual factors, resources, and barriers to help
explain the quantitative findings.

Changes to the trial design: Shortly before enrollment
started, two of the original sites dropped out and the Pls
and statistician, after consultation with several experts,
decided to adjust the design in order to be able to bring
on two new sites. The design was altered to a batched
stepped wedge design with two batches to accommo-
date different starting times for the sites [15]. The length
of each step will be 5 months for the 6 sites in batch 1
and 9 months for the 2 sites in batch 2. The statisti-
cian re-randomized the sites in batch 1 according to the
approach described previously. There were no changes to
the hypotheses.

Involvement of patients and the community

in the trial

Our lead patient partner will serve as co-investigator
and will be heavily involved in proposal development;
recruitment and training of other patient partners, design
of study recruitment materials; training of research

Page 3 of 13

coordinators; development of toolkit videos; as well as
interpretation and presentation of the results. Specifically,
she will help to recruit a patient advisory panel of 6 diverse
patient partners who will meet at least monthly in year 1
and then quarterly in subsequent years. Patient advisors
will be selected to include representation from the key
subgroups and we will ensure that we have at least two
advisors who have had each treatment (SAVR or TAVR).
Further, the lead patient partner will coordinate with the
Patient and Family Advisory Councils at the participating
sites to ensure that we have a broad range of local perspec-
tives to support the patient voices in the study.

Methods: participants, interventions,

and outcomes

Study setting {9}

This study is being undertaken at eight sites (6 academic
hospitals and 2 private practice hospitals) across the
USA. Participating sites include Massachusetts General
Hospital (MGH) in Boston, MA, University of Colorado,
Denver in Aurora, CO, Emory University in Atlanta, GA,
Piedmont Heart Institute in Atlanta, GA, Providence
Health in Portland, OR, University of North Carolina at
Chapel Hill, University of California San Francisco, and
University of Texas Southwestern in Dallas, TX.

Changes to the study setting: Two sites, Piedmont
Heart Institute in Atlanta, GA and Providence Health in
Portland, OR, withdrew from the study before enrolling
any patients. Two new sites, University of Pennsylvania in
Philadelphia, PA, and Washington University School of
Medicine in St. Louis, MO, joined the study.

Eligibility criteria {10}

Clinicians: Heart valve team members including physi-
cians and advanced practice providers will be eligible
for the baseline assessment and debrief interviews. The
interventional cardiologists and cardiac surgeons who
consult with patients during the decision-making process
will be eligible for the post-visit surveys.

Patients: In keeping with current indications for TAVR
and SAVR, patient participants will be eligible if they are
between 65 and 85 years old, have severe AS defined as an
aortic valve area<1 cm? meet clinical indications for aortic
valve replacement, and attend a scheduled visit with a partic-
ipating interventional cardiologist and/or cardiac surgeon at
one of the sites. Ineligibility criteria are as follows: prior valve
replacement surgery, high surgical risk (e.g., Society of Tho-
racic Surgery (STS) score >8%), prior coronary artery bypass
surgery (CABQG), end stage renal disease on dialysis, severe
lung disease (COPD) requiring home oxygen, advanced cir-
rhosis, unable to read or write in English or Spanish (as the
DA are only available in English and Spanish), and unable to
consent for self (proxy respondents are not allowed).
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Who will take informed consent? {26a}

Patient will receive an invitation packet by mail and/or
upon check in at the clinic which will contain an invita-
tion letter signed by the site PI and/or heart valve clinic
director, an information sheet describing the study and
the risks and benefits, the pre-visit survey, and an incen-
tive. Informed consent procedures for this minimal risk
study vary from site to site. Initially, we had planned for
Massachusetts General Hospital (MGH) to serve as the
single IRB. However, MGH IRB determined that the
study was exempt and as a result, it would not serve as
the single IRB. Each site was then required to submit to
their own IRB and that resulted in slight variations in
recruitment and enrollment protocol at some sites. At
most sites, completion of the pre-visit survey is taken to
indicate consent; at two sites, a verbal or written consent
process will be conducted by the research coordinator
prior to collecting the pre-visit survey.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

Not applicable. This trial does not involve collecting bio-
logical specimens for storage.

Interventions

Explanation for the choice of comparators {6b}

The study will compare a usual care comparator arm to
an intervention (DAs and clinician SDM skills training)
arm. In the “usual care” arm, all sites will take a multidis-
ciplinary approach to treatment of severe AS and patients
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considering TAVR are seen by both an interventional car-
diologist and a cardiac surgeon as required for payment
by CMS. The intervention arm was chosen to have two
components: (1) a DA and (2) clinician SDM skills train-
ing. Decision aids have been shown to help patients pre-
pare for visits, increase patient involvement in decisions,
as well as increase patients’ knowledge and clarify prefer-
ences [13, 16]. SDM training has been shown to increase
confidence, improve attitudes toward SDM, and promote
use of decision aids [13, 17, 18]. During the transition to
the intervention arm, the coordinating center will pro-
vide sites with an implementation toolkit and external
facilitation (1-1 support) as both are effective and scal-
able implementation strategies to promote integration of
the DA into routine care [19, 20].

The overall project is informed by an integrated logic
model adapted from methods by Smith et al. [21]. Fig. 1
presents our project logic model linking determinants
(derived from the CFIR framework) and interventions
with mechanisms and outcomes guided by RE-AIM.

Intervention description {11a}

The patient DA: the ACC’s CardioSmart decision aid,
“Treatment Options for Severe Aortic Stenosis for Patients
Deciding Between TAVI and Surgery” The DA was created
using an iterative design process similar to that to create
other specialty cardiology patient decision aids and is freely
available online at. https://www.cardiosmart.org/topics/
aortic-stenosis/assets/decision-aid/choosing-between-
tavr-and-surgery [22, 23].

Determinants (CFIR) Intervention / Strategies

c8 1. System-level
‘% 2| +Acceptability comparator: Heart
g & | +Feasibility valve team for TAVR
g ::E decisions

o

| ¢ Heart valve team coordination
5'__'3 £l Clinic characteristics
£o

»

2. Clinician-level
« CMS and payor coverage intervention: SDM
5 2| decision » skills training .
s % * AHA/ACC and other guidelines
Oa|.epa approval (low risk,
asymptomatic)
So
-'.é g *Pt Age *MD attitudes
< é Pt Race/ethnicity *MD skills
E £/ -PtLiteracy 3. Patient-level
o ° intervention: ACC
decision aid

§ *Workflows

§ *Training

o | +Local champions

Mechanisms Outcomes (RE-AIM)

1a. Organizational buy-in -
1b. Promotes collaboration & Reach of decision aids g
reduces competition between (primary implementation) o
specialists. 3
1c. Patients hear about both Adoption of training z
options, more informed 5
decisions. 2

b 4
2a. Practical skills improve
communication and reduce Shared decision making
barriers to SDM in practice. (primary effectiveness)
2b. Improve confidence and »
receptivity to SDM and patient * Patient knowledge 3
engagement. * Preference-treatment 3
2c. Increase elicitation of concordance
patient’s goals and concerns . ..

* Timeliness: Visit length

3a. Help patients recognize & Time to decision
decision and increase desire for
involvement. ‘
3b. Balanced presentation of Qo
options and outcomes ¢ Treatment rates g
3c. Preparing outside visits « Clinician Satisfaction 3
promotes more effective use of « Patient experience o
short visit time S

Fig. 1 Integrated CFIR and RE-AIM implementation research logic model for SDM in aortic stenosis
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The clinician SDM skills training: a 60-min online train-
ing session that will provide practical tips, interactive case
studies, and tools for conducting shared decision-making
conversations covering core competencies [24]. The train-
ing will be available to all clinicians at participating sites
involved in the study.

Criteria for discontinuing or modifying allocated
interventions {11b}

The DA will be reviewed every 2 years, or as needed if new
evidence is published, to ensure that it is up to date. Revi-
sions will be recommended to the ACC/CardioSmart who
is a stakeholder partner on this study. Similarly, the SDM
training will be reviewed annually and updated as needed if
the evidence changes substantially.

Strategies to improve adherence to interventions {11c}
Each site will identify a clinical and administrative cham-
pion to support the DA delivery. The primary study team
will lead a 3-h design session with sites to develop the work-
flow for DA integration and to support training of clinic
staff in the workflow and documentation of DA delivery.
The primary study team will have short (20-30 min) check-
in meetings with site champions every other week for the
first 2 months, then monthly for the next 6 months to moni-
tor reach, fidelity to the workflow, and troubleshoot any
barriers. Of note, the DA delivery will be implemented by
clinic staff as part of routine care; the research coordinators
will not be distributing DAs to patients during the interven-
tion period. This feature of the study is important to pro-
mote maintenance and sustainability after the study ends.

Study staff from sites will meet with the primary study
team monthly to review adherence to study tracking activi-
ties which will include discussion of reach of DAs and cli-
nician training. The online training course will be available
to sites once they have switched to the intervention arm
and can be used as new clinicians come on board over the
course of the study.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Not applicable. This trial does not have any pre-specified
standards for concomitant care permitted or prohibited
during the trial.

Provisions for post-trial care {30}
Not applicable. There is no anticipated harm and com-
pensation for trial participation.

Outcomes {12}
The outcomes were selected based on the importance to
the heart valve team clinicians and leadership (primary
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decision-makers) and after incorporating patients’ per-
spectives based on interviews and literature review
[25]. All stakeholders were interested in a meaningful
shared decision-making conversation (primary outcome,
patient-reported). Patients also felt it was important to
be well-informed and to make sure that doctors listened
to their goals and preferences. Clinicians were also inter-
ested in potential burden (e.g., increased visit length or
time to decision) and impact on treatment rates. Addi-
tional implementation outcomes include reach of deci-
sion aids, adoption of the training, and maintenance
of the decision aids once the trial is complete. Table 1
details the definition and sources for the outcomes in the
logic model. Figure 2 details when key outcomes will be
collected.

Clinician surveys and interviews: At the beginning of
the study, the heart valve team clinicians will complete
a baseline needs assessment survey that includes items
regarding confidence in SDM skills, attitudes toward
DAs and SDM, priority of SDM for key groups, and heart
team integration [29]. For each patient enrolled, clini-
cians will be randomly selected to complete a brief survey
after the visit and will include assessments of SDM pro-
cess from the clinician’s perspective, perception of visit
length, appropriateness of SDM, and satisfaction with the
visit. Several months after implementation of the DAs,
clinicians will be interviewed about their experiences.

Clinician post-visit survey: A brief survey will be
administered after the visit and will include assessments
of SDM process from the clinician’s perspective, percep-
tion of visit length, appropriateness of SDM, and satisfac-
tion with the visit.

Patient pre- and post-visit surveys: A brief pre-visit
patient survey will be administered before the visit,
including items about patient treatment preference, stage
of decision-making [30], literacy [31], and decision self-
efficacy [32]. Patients will also be asked to complete a
post-visit survey after visits with their heart valve team,
including measures of SDM, knowledge, treatment pref-
erence, patient experience, and stage of decision-making.
See Table 1 for more details.

Chart review: Study staff will conduct a chart review to
collect clinical covariates, visit note, treatments (TAVR,
SAVR, and/or other), and short-term outcomes. Baseline
clinical covariates and 30-day clinical outcomes will be
collected from CMS-mandated Transcatheter Valve Ther-
apy (TVT) registry and the Society for Thoracic Surgery
(STS) registry for TAVR and SAVR patients, respectively.

Participant timeline {13}

Clinicians: At the beginning of the trial, clinicians and
leadership for the heart valve team at each site will com-
plete the baseline needs assessment. Clinicians selected
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Table 1 Primary and secondary outcomes
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Primary or secondary Name of outcome

Specific measure to be used

Timepoints

Four-item Shared Decision-Making Process
% of eligible patients who receive decision

Six-item multiple choice knowledge score

Post-visit patient survey
Chart review

Post-visit patient survey

% of patients who received preferred treat-
ment within 6 months of visit

Five-item CAHPS MD-patient communica-

Preference from post-visit patient survey;
treatment from chart review

Post-visit patient survey

tion subscale and visit rating score [28]

Single item, % of clinicians who mark “very”  Post-visit clinician survey

or "extremely” satisfied with visit

% of eligible clinicians who complete
the SDM skills training

Single item, % of patients who report stage  Post-visit patient survey

4 weeks from the start of intervention
period

of decision-making is “made a decision”

Primary Shared decision-making

score [26]
Secondary Reach

aid
Secondary Patient knowledge

[27]
Secondary Preference-treatment concordance
Secondary Patient experience
Secondary Clinician satisfaction
Secondary Adoption
Secondary Timeliness (time to decision)
Secondary Timeliness (burden)

Single item, % of visits where clinicians

Post-visit clinician survey

report visit length is “longer than normal”

for a clinician post-visit survey will complete the survey
after the visit with the enrolled patient. About 8 months
after a site has transitioned to the intervention, we will
invite clinicians, leadership, and staff from the heart valve
team to participate in a post-implementation interview.

Patients: 2 weeks prior to a visit, research staff at
each site will screen the clinic schedule, identify eligi-
ble patients, and send an invitation with an information
sheet describing the study to patients in advance of the
visit. Research staff will meet patients in clinic before
their visit to review the information sheet, answer ques-
tions, obtain consent, and administer the short pre-visit
survey. After patients complete the pre-visit survey, they
will be given the post-visit survey to complete at home
after they have seen both specialists. Staff will follow a
modified Dillman approach with small incentives ($10
gift card) and planned phone and mailing reminders to
ensure high response rates to the post-visit survey [33].
During the intervention period, the DA will be delivered
to patients by clinic staff as part of routine care. Due to
variation in routine care by site, DA delivery may vary
but the DA will be delivered to the patient prior to com-
pletion of the post-visit survey.

Sample size {14}

For aim 1, using Hooper and Bourke approach to con-
duct the power analysis we find that with 8 steps and
16-17 patients per step per cluster, the design effect
is 1.87 assuming an intra-class correlation of 0.4 [34].
With a total sample size of 1080, the effective sample size
is 588. We will have 80% power to detect a small effect
size (Cohen’s d=0.23) for continuous variables (primary

outcome: patient-reported SDM scores; secondary out-
comes: patient knowledge/experience) with a two-sided
significance level of 0.05.

Changes to sample size for aim 1: For batch 1, the
design effect is 1.41 assuming a within-period ICC of
0.25 and a between-period ICC of 0.1 with 6 steps and
19-20 patients per step per cluster. For batch 2, the
design effect is 6.71 assuming a within-period ICC of 0.2
and a between-period ICC of 0.08 with 2 steps and 37-38
patients per step per cluster. With a total sample size of
900, the effective sample size is 568. We will have 80%
power to detect a small effect size (Cohen’s d=0.26) for
continuous variables (primary outcome: patient-reported
SDM scores; secondary outcomes: patient knowledge/
experience) with a two-sided significance level of 0.05.

For aim 2, the sample size for implementation reach
outcome is 600 (limited to patients recruited during
the exposed periods and assessed through chart review
with no attrition). The width of the confidence inter-
val of the estimate will be limited to 3.8% on each side
using the exact (Clopper-Pearson) confidence limits.
The sample size for adoption (% of eligible clinicians
who complete the SDM skills training) is estimated to
be 56 (assessed through administrative records with no
attrition) and the width of the confidence interval of
the estimate will be limited to 12% on each side.

Recruitment {15}

Clinicians: Sites will generate a list of eligible clinicians
for the training. The Department Chief, site PI, and/or
heart valve team director will send an email invitation
and/or inform clinicians about the training at the team
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Study Period
Site ) Enrollment Post-Allocation
Allocation
Site .. .. .. 6-Months
Allocation Pre-Visit In-Clinic Post-Visit Post-Visit
TIMEPOINT
RANDOMIZATION
Site randomization X
ENROLLMENT:
Eligibility screen X
Consent
INTERVENTIONS:

Clinician training
(during intervention
period only)

Decision aid delivery
(during intervention
period only)

ASSESSMENTS:

Demographics

Shared decision
making (patient)

Knowledge (patient)

Preference-treatment
concordance (patient)

Experience (patient)

Satisfaction (clinician)

Timeliness (time to
decision) (patient)

Timeliness (burden)
clinician

Fig. 2 SPIRIT figure

meeting. This invitation will be followed with individual
email with link to the training sent by the primary study
team. Each clinician will get three reminders to complete
the training, including a second reminder from the chief
or director if needed.

Clinicians will be given 1 month to complete the train-
ing. Depending on the site, they may also allocate specific

time to complete the training, for example, having it be
the focus for a regularly scheduled team meeting.
Patients: The goal is for each site to enroll 16-17
patients in each step (4-month period). We estimate that,
in total, all sites will invite about 2000 patients, enroll
1400 (70% consent rate). As complete clinical informa-
tion may not be available at the time of invitation, we
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expect that some patients will be deemed ineligible after
consenting and will be withdrawn from the sample (esti-
mate 14%) and some patients will not return the post-
visit survey (estimate 10%). As a result, we expect to
collect a post-visit survey (primary outcome) on 1080.
Each site will enroll patients in the same way in the con-
trol and intervention periods.

There are three main vulnerable groups that we will
work to enroll: Black patients, Hispanic patients, and
older adults (>75 years old; who may have visual, hear-
ing, or mild cognitive impairments). To achieve high
enrollment rates for these individuals, many steps will be
taken. See Sect. 18b.

Changes to original recruitment: The goal is for each
site in batch 1 to enroll 19-20 eligible patients in each
step (5-month period) for a total of about 750 eligible
enrolled. For batch 2 sites, their goal is to enroll 41-42
patients per step (9-month period) for a total of about 250
eligible enrolled. As shown in Fig. 3, we estimate that, in
total, all sites will invite about 1850 patients, enroll 1300
(70% consent rate). As complete clinical information may
not be available at the time of invitation, we expect about
23% will be deemed ineligible after the visit such that
only 1000 of the 1300 enrolled will be asked to complete
the post-visit survey. Of the 1000, we expect to collect a
post-visit survey (primary outcome) on 900. The attrition
rate including dropouts and post-enrollment ineligibility
is 30.7% (400/1300).

Assignment of interventions: allocation

Sequence generation {16a}

Sites will be randomized in pairs, with sites with simi-
lar volume of racial and ethnic minority patients in
opposite orders to maintain balance in the key sub-
group across periods. For the clinician survey, we will
use computer-generated random assignment to select
one specialist to receive the post-visit survey for each
patient participant.

Changes to the original sequence generation: For the
6 sites included in batch 1, we will randomly select one
sequence that provides similar volumes in the total num-
ber, age>75, and minority subjects between the two
arms from all possible permutations (6!=720). We will
use a simple random number generator to determine the
order for the 2 sites included in batch 2.

Concealment mechanism {16b}

Allocation of sites to the timing of the transition to the
intervention phase will be temporarily concealed. Sites
will be notified about 6 months before their transition
to the intervention arm in order to facilitate planning for
rollout and site visits.

Page 8 of 13

>
Patients
Invited
N= 1,850
A ————
p

t Patients Enrolled |

Pre-visit survey
N= 1,300

Decision aid (after
site enters
intervention)

Heart Valve

Team Visits

(" Patients Eligible )
Post visit ’
N= 1,000 )

7 . ) e 3.4 N
Patient Post Clinician Post
visit survey visit survey

N= 500 N= 780

/ /

Treatment

Health

Qutcomes

6-mon Chart
review

N=1,000 )

Fig. 3 Flow of activities and data collection estimates for the trial

Implementation {16c}
Sites will be randomly assigned to the step at which they
begin the intervention period by the statistician.

Assignment of interventions: blinding

Who will be blinded {17a}

There is limited blinding in the trial due to practical limita-
tions. Patients will not be blinded to the materials they receive.
Sites will be notified about 6 months before their transition to
the intervention arm in order to facilitate planning for rollout
and site visits. Clinicians, staff, and research staff will not be
blinded to the study arm. The statistician conducting analyses
will be blinded to group assignment at each step.

Procedure for unblinding if needed {17b}
Not applicable. The design is open label with participants
and clinicians not blinded so unblinding will not occur.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Baseline needs assessment surveys and clinician will
be completed online or on paper. Patient pre-visit and
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post-visit surveys can be completed either online or on
paper. Paper surveys will be entered into REDCap data-
base by study staff upon receipt. Post-implementation
interviews will be audio-recorded and professionally tran-
scribed for analysis. Study staff will conduct chart reviews
and enter data into centralized REDCap databases. The
TVT registry and the STS registry data will be collected
for patients undergoing TAVR or SAVR, respectively.

Plans to promote participant retention and complete
follow-up {18b}

We will follow the guidelines for research studies target-
ing underserved populations (such as the Evaluate, Engage,
Reflect and Carefully Match or EERC) [35]. We have also
identified several resources such as the health literacy guid-
ance from CMS, training videos from the palliative care
network for research coordinators to support effective com-
munication with older populations, and expertise from our
own co-investigators. We have also designed a study protocol
that anticipates and overcomes known barriers (e.g., reduc-
ing fear or mistrust, reducing logistical barriers, avoiding
placebo), uses known facilitators (e.g., personal contact and
remuneration), and then employs systems to ensure account-
ability by monitoring results and making adjustments in
timely fashion to ensure strong recruitment and retention.

Data management {19}

All data will be centrally housed with the primary study
team. The primary study team will create centralized RED-
Cap surveys for all sites for all surveys. Data entered from
paper surveys will be double entered for 10% of the data to
ensure quality; paper surveys will be scanned, stored, and
disposed of following each site’s internal guidelines.

Confidentiality {27}

Surveys and any notes from the interviews will not
contain any identifying information and will be coded
by unique study ID number only. Any study data that
includes identifiers will be kept on password-protected
servers or in locked file cabinets.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

Not applicable. See above 26b there will be no biological
specimens collected.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Aim 1

With the stepped wedge design, the outcomes during
the intervention periods will be compared to outcomes
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during the control periods using an intention to treat
approach [36]. Our primary analyses will be conducted
excluding missing data. For patient-reported outcomes,
we will use generalized linear mixed models with a nor-
mal link for continuous outcomes (e.g., shared decision-
making) and a logit link for the binary outcomes (e.g.,
preference-treatment concordance). The models will
include a random effect to account for clustering within
each site and a fixed effect for calendar time.

Changes to original protocol: The fixed period effect (7
in batch 1 and 3 in batch 2) will be estimated separately.
The treatment effect will be an weighted sum of esti-
mates obtained for each batch separately, weighted by its
variance.

Aim2

We will test hypotheses that at least 70% of patients will
receive the decision aid, with a similar rate in vulnerable
populations and that at least 70% of clinicians will adopt
the SDM training. We will calculate site and clinician
adoption rates and maintenance (number of sites that
continued to use the decision aids in year 5).

Aim 3

We will explore potential mechanisms of effectiveness
and implementation outcomes using mixed methods at
the clinic-, clinician-, and patient-level and identify barri-
ers and facilitators for maintenance of the strategies. The
baseline needs assessment survey, field notes from meet-
ings with the sites, and post-implementation interviews
will support these analyses. These analyses will be guided
by constructs from CFIR and will be hypothesis generating
with a particular focus on identifying key predictors of suc-
cessful implementation.

Interim analyses {21b}

Not applicable. There are no anticipated problems that are
detrimental to the participants so there will be no stopping
guidelines or interim analyses.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

Aim1

We will explore heterogeneity of the treatment effect (HTE).
The key pre-specified subgroups include site, patient age,
patient sex as a biological variable, and vulnerable popula-
tions. We will also explore determinants such as heart valve
team integration (measured with teamwork, organizational
learning, and communication subscales collected at the base-
line needs assessment) and clinician attitudes toward SDM
(from baseline needs assessment). We will test the interac-
tion between treatment status and subgroup in the mod-
els. For clinician reported outcomes, we will use the same



Sepucha et al. Trials (2024) 25:820

modeling approach with an additional random effect to take
into account the repeated measures from the same clinician.

Aim2
We will explore HTE among subgroups as in aim 1
described above.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
For patient-reported outcomes (shared decision-making,
knowledge, decision aid usage, etc.), missing data items will
be handled according to established protocols for the vali-
dated surveys. For item-specific analysis, our primary analyses
will be conducted excluding patients with missing data. We
will conduct a sensitivity analysis using the multiple imputa-
tion approach. For outcomes assessed via chart review, such
as visits and treatment received, we do not expect any missing
data. If there is no documented treatment or visit note, then
we will assume it did not happen (i.e., neither TAVR nor SAVR
received). For demographics and other sample characteristics,
we will include an unknown category for missing race/ethnic-
ity, education, literacy, or other features.

Plans to give access to the full protocol, participant-level
data, statistical code, and materials {31c}

The full protocol, de-identified data (where possible),
and statistical code will be included in a public registry
within 12 months of completion of the project.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The coordinating center study team is made up of both PlIs
as well as the co-investigators, project manager, data man-
ager, and statistician from MGH. The team is responsible
for the overall organization and oversight of the trial. Each
of the 8 site study teams is made up of at least one site PI
along with their clinical and administrative staff, who are
responsible for the day-to-day operations for the trial.
One patient partner is a co-investigator on the study. Four
patient partners and one caregiver partner are advisors
and provide feedback and lived expertise to support study
design, protocols, outcomes, and interventions. The study
team includes experts in shared decision-making, aortic
stenosis, decision science, mixed-methods, and imple-
mentation science. Additional collaborators and advisors
include the ACC/AHA, Heart Valve Voice US, Heart Valve
Collaboratory, and the Food and Drug Administration.

Composition of the data monitoring committee, its role
and reporting structure {21a}

For this minimal risk study, the PIs and statistician will
meet every 6 months and to monitor data on this project.
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Regulatory reporting

Adverse event reporting and harms {22}

No serious adverse events are expected based on the
minimal risk in the trial. If a serious adverse event
occurs, the PI will report the event to the Institutional
Review Board (IRB) within 24 h and file appropriate
paperwork. If a mild or moderate adverse event occurs,
the PI will summarize the event in the annual continu-
ing review progress report.

Frequency and plans for auditing trial conduct {23}

The coordinating center will be reviewing site-level
data monthly in order to provide monthly CONSORT
reports to the funder once enrollment begins.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

All sites will be alerted to protocol amendments within
1 week of amendments being introduced to the primary
study site IRB. The coordinating center will provide
rationale and all documents for study amendments to
sites.

Dissemination plans {31a}

We will use a multi-pronged approach to disseminate the
findings to academic, clinical, and consumer audiences.
Findings will be disseminated through manuscript and
presented at local, regional, and national meetings of key
groups and societies. To reach practicing clinicians, we
will work closely with our stakeholder partners to dis-
seminate findings through webinars, conferences, and
newsletters. These materials will also be posted on the
MGH Health Decision Sciences Center website. Fur-
ther, we will work with our patient partners and Heart
Valve Voice US to prepare lay summaries of the results to
share with the patient participants in the study, as well as
communications (radio shows, blogs, newsletters, local
presentations at community centers) to reach the wider
patient community. We will also generate a press packet
to be used by MGH and other sites’ public relations/
media services teams to generate extensive coverage in
the popular press and on social media.

Discussion

Shared decision-making (SDM) is a recommended
approach for patients with severe aortic stenosis con-
sidering valve replacement. Although tools such as
patient decision aids (DAs) and training in SDM have
been shown to improve SDM, implementation of SDM
and DAs is limited. The objectives of this hybrid effec-
tiveness-implementation study are (1) to determine the
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effectiveness of interventions (a DA and clinician SDM
training) in achieving SDM and improving the qual-
ity of decisions about aortic valve replacement; (2) to
determine the reach of the DAs and adoption of train-
ing; and (3) to explore potential mechanisms of effective-
ness and implementation at the patient-, clinician-, and
clinic-level.

The FDA’s public health component to their mission,
with core value of promoting patient engagement and
improved health equity, is very interested in how these
findings may impact regulatory decisions, particularly
for new devices where there is limited long-term evi-
dence but promising short-term results. Further, the
study may shed light on the effectiveness of a heart valve
team, requiring consultation with multiple specialists, in
other settings where the introduction of a new, disruptive
technology pits one specialist against another. Thus, this
study will add to our understanding of how team-based
care, alongside SDM interventions, may impact patient
decisions and care.

We note that the unique and unprecedented impact
of the COVID pandemic has highlighted the potential
weaknesses of stepped wedge designs due to secular
trends associated with a public health emergency and
a related universal disruption in health care delivery.
However, stepped wedge designs prior to the COVID
pandemic were successfully used to support rigorous
research findings, especially in settings for which stand-
ard randomized designs were not optimal, nor clearly
feasible. We will work closely with sites to develop con-
tingency plans to mitigate any disruptions that may arise
from secular trends or disruptions.

Trial status

Not yet enrolling. Protocol version 3 03/19/2024. Target
enrollment to run from April 1, 2024 through March 28,
2027.

Abbreviations
IMPACT SDM  IMproving treatment decisions for Patients with AortiC steno-
sis Through Shared Decision Making

SDM Shared decision making

TAVR Transcatheter aortic valve replacement

SAVR Surgical aortic valve replacement

DA Decision aid

AS Aortic stenosis

ACC American College of Cardiology

AHA American Heart Association

CMS Centers for Medicare and Medicaid Services

STS Society of Thoracic Surgery

CABG Coronary artery bypass grafting

MGH Massachusetts General Hospital

CFIR Consolidated framework for implementation research
RE-AIM Reach, Effectiveness, Adoption, Implementation, and Maintenance
VT Transcatheter Valve Therapy

EERC Evaluate, Engage, Reflect and Carefully match

HTE Heterogeneity of treatment effect
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