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ABSTRACT
Background: Embracing patient viewpoints can enhance the trans-
lation of novel therapeutics to clinical settings. This study evaluated
the acceptability of using extracellular vesicles (EVs) as a biological
therapy for preventing postoperative atrial fibrillation (AF), through
engagement with patients, providing insights into their attitudes and
information needs.
Methods: Patients participated in prerecorded presentations, virtual
focus groups, and surveys to assess their perspectives on EV therapy
and determine the factors influencing their acceptance of the
intervention.
Results: Participants with postoperative AF experienced prolonged
intensive care unit and hospital stays, compared to those of patients
with normal heart rhythm. Prior to the presentation, a number of
participants were unfamiliar with postoperative AF and biological
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R�ESUM�E
Contexte : Adopter le point de vue des patients permet de faciliter
l’introduction de nouveaux traitements en milieu clinique. Cette �etude
visait à �evaluer l’acceptabilit�e des v�esicules extracellulaires comme
traitement biologique dans la pr�evention de la fibrillation auriculaire
postop�eratoire en favorisant un rapprochement avec les patients, en
comprenant leurs attitudes et leurs besoins d’information.
M�ethodologie : Les patients ont assist�e à des pr�esentations
pr�eenregistr�ees, ont particip�e à des groupes de discussion virtuels et
ont rempli des questionnaires. L’objectif �etait d’�evaluer leur point de
vue sur les v�esicules extracellulaires et de d�eterminer les facteurs
influençant l’acceptation de l’intervention.
R�esultats : Les participants atteints de fibrillation auriculaire post-
op�eratoire sont rest�es plus longtemps à l’unit�e des soins intensifs et à
l’hôpital par comparaison aux patients ayant un rythme cardiaque
The landscape of cardiovascular disease treatment is evolving
with the emergence of novel biological therapies. Among these
promising advancements, RNA interference has demonstrated
its efficacy as a therapeutic agent for hypertension,1 and an-
tibodies have shown safety in efforts to deplete cardiac amy-
loid.2 Additionally, stem cellebased interventions have shown
promise in enhancing cardiac function for individuals with
Duchenne muscular dystrophy.3 As these therapies continue
to develop, exploring patient perspectives that may influence
their willingness to embrace a novel therapy becomes crucial.
Considerations relating to these new biological treatments
remain relatively unexplored, but their successful translation
hinges on their acceptance by patients. All progress may be
rendered futile if patients ultimately reject treatments due to
unforeseen factors. Simple modifications of study design to
incorporate patients concerns hold the potential to exert
profound effects on patients’ eagerness to adopt and embrace
innovative therapies.

In this study, we recruited patients to evaluate the
acceptability of extracellular vesicles (EVs) as a biological
therapy to prevent postoperative atrial fibrillation (AF). EVs
are a new, promising therapy for cardiovascular disease that is
gaining increased attention in the preclinical literature.4 EVs
are lipid-enclosed microparticles that naturally are created and
released from many, if not all, cells of the body. EVs merge
with neighbouring cells to alter function. The protein and
transcriptional cargo within EVs are characteristic of their
producer cell and define the inductive effect on neighboring
cells.5,6 In the treatment of AF, EVs offer an alternative to
standard therapies by targeting the proinflammatory substrate
that results from cardiac surgery and increases vulnerability to
AF.7,8 Recently, we demonstrated that EVs produced by
heart-derived cells are anti-inflammatory and antifibrotic.5

When injected into the atria at the time of open chest sur-
gery, EVs prevent AF by reducing inflammation and fibrosis.9
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therapies. However, postpresentation and postefocus group activities
resulted in enhanced understanding of the research, with high levels of
comprehension reported by all participants. The level of acceptance of
EV therapy tended to increase, with a majority expressing willingness
to participate in clinical trials and accept the therapy. The focus groups
identified and addressed common questions regarding the potential
risks and side effects of EVs, their source, dosing, utility for patients
with preexisting AF, and the risk of human immunodeficiency virus
(HIV) contraction or allergic reactions.
Conclusions: The study highlights the importance of providing edu-
cation, involving the patient’s circle of care, and addressing patient
concerns, to promote acceptance of therapies such as EV therapy for
postoperative AF.
Clinical Trial Registration: NCT05032495.

normal. Avant la pr�esentation, un certain nombre de participants ne
connaissaient pas la fibrillation auriculaire postop�eratoire et les
traitements biologiques. Cependant, après la pr�esentation et le groupe
de discussion, les participants ont pu mieux comprendre la recherche,
et tous ont indiqu�e un niveau de compr�ehension �elev�e. Le degr�e
d’acceptation des v�esicules extracellulaires avait tendance à
augmenter. En effet, la majorit�e des patients se disait prête à parti-
ciper à des essais cliniques et à accepter le traitement. Les groupes de
discussion ont relev�e et abord�e des questions communes concernant
les risques et effets secondaires des v�esicules extracellulaires, leur
source, leur dose, leur utilit�e pour les patients pr�esentant une fibrilla-
tion auriculaire pr�eexistante et le risque d’infection par le virus de
l’immunod�eficience humaine (VIH) ou de r�eactions allergiques.
Conclusions : L’�etude souligne l’importance de l’�education, de la
participation du r�eseau de soins du patient et de la prise en compte
des pr�eoccupations du patient pour favoriser l’acceptation de traite-
ments comme les v�esicules extracellulaires pour la fibrillation auricu-
laire postop�eratoire.
Enregistrement de l’essai clinique : NCT05032495.
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Work is ongoing in parallel to develop this new approach for
clinical translation.

By using EVs as a symbolic prototype, we hope to gain
insight into patient attitudes toward biological cardiovascular
interventions, particularly those designed to prevent AF after
surgery. Among various promising preclinical therapies, EVs
were chosen, backed by compelling reasons, as the primary
focus, due to their suitability. First, the prevalence of this disease
is substantial, with a million patients in North America un-
dergoing cardiac surgery annually,10 half of whom will experi-
ence AF after the procedure.11-21 This condition significantly
impacts patient care, as 90% of patients exhibit symptoms such
as palpitations, fatigue, and light-headedness, with 15% being
hemodynamically unstable. Additionally, AF elevates the risk of
in-hospital stroke13,22-27 and other complications,28 leading to
a doubling of hospital mortality, according to retrospective
studies (7.4% vs 3.4%).23 Unsurprisingly, postoperative AF
also prolongs hospital stays and increases hospitalization
costs.11,13,16,22,24,29-31 The well-defined patient population,
comprised of individuals undergoing surgery and those with
confirmed AF, offers unique perspectives that can significantly
influence the design of preclinical or clinical trials. Lastly,
effective treatment to prevent postoperative AF is lacking.
Despite the widespread usage of amiodarone or sotalol with
additional ion-channel blocking effects, these drugs do not offer
any benefit, compared to beta blockers.32,33 Other approaches,
such as steroids or anti-inflammatories, have shown potential
benefits in small trials, but results have been inconsistent, with
limited uptake due to adverse effects.34-39

In this study, we recruited patient partners who are
awaiting surgery and those who have already undergone sur-
gery. This unique approach allowed us to compare individuals
who had experienced AF with those who did not. To assess
their perspectives on EV therapy and understand the factors
influencing their acceptance of the intervention, patients will
participate in prerecorded presentations, virtual focus groups,
and surveys. We hypothesize that patients awaiting surgery,
and those who have undergone surgery without experiencing
AF, may not be fully aware of the risk of postoperative AF,
which could influence their interest in receiving an investi-
gational therapy. Conversely, patients who have undergone
surgery and did experience AF may be more receptive to EV
therapy as a preventive measure. Additionally, we sought pa-
tient perspectives that could help optimize the design and
implementation of clinical, and possibly preclinical, studies.
To the best of our knowledge, this study marks the first
endeavor to engage patients early in the cardiovascular
research discovery process. We envision that this approach
could have an impactful influence on research, even at a
preclinical stage.
Materials and Methods

Recruitment

Patient partners were recruited to inform and guide the
research process from study onset to completion. This clinical
trial was approved by the University of Ottawa Research
Ethics Board (20210710-01H) and was registered on
ClinicalTrials.gov (Identifier: NCT05032495). The research
team partnered with the University of Ottawa Heart Institute
Patient Engagement in Research Advisory Council and sur-
gical collaborators, to approach interested individuals with
lived experience of a heart disease, with some who had un-
dergone cardiac surgery. Participants were provided with
sufficient background on the objectives of the project and a
terms-of-reference document outlining team member roles
and responsibilities.

Participants (10 men and 12 women) were divided into 3
groups. The first group included cardiac surgery patients
who did not experience postoperative AF (n ¼ 10); the
second consisted of cardiac surgery patients who did expe-
rience postoperative AF (n ¼ 6); and the third included
cardiac patients who were scheduled for future cardiac sur-
gery (n ¼ 6).

A member of the research team initially called and
explained the study. Participants were given time to review the
information before being asked to give their consent. After

http://ClinicalTrials.gov
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providing verbal consent, the participants communicated with
the research team mainly via e-mail, and provided written
consent.

Inclusion and exclusion criteria

All participants were recruited from the University of
Ottawa Heart Institute patient partner volunteer database.
These volunteers have a current or past affiliation with the
institute, direct experience as patients or caregivers, availability
for active participation, and a commitment to contributing to
the cardiovascular community. Patients were excluded if they
were unable to complete an electronic survey and/or partici-
pate in a virtual focus group. This group included patients
who did not have a computer or Internet access, patients who
needed translation services, patients who were illiterate, and
patients who had trouble understanding or producing speech
and required special support, including the use of assistive
devices.

Study design and procedures

Two surveys were conducted to gather data from the
participantsdone before and one after they watched a pre-
recorded presentation and engaged in a virtual focus group.
The first survey aimed to collect demographic information, as
well as insights into prior experiences and opinions. The
second survey was utilized to evaluate the acceptability of the
intervention among participants and identify the most effec-
tive method of explaining the intervention. Both surveys were
available in English and French (see Supplemental Appendices
S1 and S2). We adapted and refined these surveys based on
our previous publications,40,41 and we incorporated feedback
from laboratory staff and patient-engagement researchers, with
the final versions being approved by the University of Ottawa
Research Ethics Board.

Participants were invited to watch a standardized 37-
minute prerecorded video presentation, which covered
various topics, including an explanation of AF pathogenesis,
risk factors, incidence, consequences, EV therapy biogenesis
and role, as well as preclinical research data (see Video 1 ;
view video online). The video was developed using expert
content, clinical experience, materials available in the clinic,
public literature, and feedback from colleagues specializing in
cardiac nursing, surgery, and electrophysiology.42,43 To
Table 1. Patient demographics

Characteristic Postsurgery with AF (n ¼ 10) Posts

Age, y, mean � SD 67 � 7
Gender,female 67
Coronary artery disease 40
Valvular disease 30
Aortic disease 30
Congenital heart disease 10
Coronary artery bypass graft 40
Valve repair 22
Aortic repair 40
Completed survey 1 100
Watched presentation 100
Participated in focus group 100
Completed survey 2 90

Values are %, unless otherwise indicated.
AF, atrial fibrillation; N/A, not available; SD, standard deviation.
facilitate discussion using nominal group techniques, a virtual
focus group was conducted using the Zoom for Healthcare
platform, ensuring privacy.44-46 Four focus groups were
organized, with each group consisting of 4-9 participants. The
duration of each focus-group session was 60-90 minutes.
Ahead of the focus group, discussion topics were provided to
the participants to allow them to review and prepare ques-
tions, as well as consult with their caregivers. The discussion
topics explored their understanding of AF, their perspectives
on EV therapy, and potential research questions for further
investigation. During this session, participants individually
generated ideas on the feasibility, safety, and efficacy of EV-
based therapy, followed by round-robin sharing, concept
clarification, and confidential voting on the acceptability of
EV therapy as a preventive measure. Throughout the focus
group, questions and concerns were addressed and recorded
by the moderator as anonymized written comments. We
applied the “theoretical framework of acceptability” to assess
various dimensions of healthcare intervention acceptability,
using changes in patients’ willingness to undergo intra-
myocardial exosome injections for AF prevention, measured
via surveys conducted before and after the educational session,
as our primary indicator.47,48

Statistical analysis

All statistical tests and graphical depictions of data are
defined within the figure legends for the respective data panels
(GraphPad Prism 9.5, GraphPad, La Jolla, CA). All data are
presented as mean � standard deviation. To determine if
differences existed within groups, data were analyzed using an
ordinary 1-way analysis of variance; if such differences existed,
�Sídák’s multiple-comparisons test was used to determine the
group(s) with the difference(s). In all cases, the normality of
variances was confirmed prior to further post hoc testing,
using Bartlett’s test. Differences in categorical measures were
analyzed using the Ne1 c2 test. A final value of P � 0.05 was
considered significant for all analyses.
Results
As shown in Table 1, the mean age was similar among the

3 groups (68 � 7 years, P ¼ not significant), with an equal
distribution of individuals that self-identified as female vs
male. All 22 participants completed the first survey, watched
urgery without AF (n ¼ 6) Awaiting surgery (n ¼ 6) P

69 � 7 69 � 8 0.83
33 57 0.45
50 86 0.09
33 50 0.34
0 17 0.04
33 0 0.51
50 N/A 0.15
33 N/A 0.55
33 N/A 0.06

100 100 1.00
100 100 1.00
100 100 1.00
100 83



Figure 1. Influence of postoperative atrial fibrillation on intensive care unit (ICU) and overall hospital length of stay. Length of stay data from
patients who experienced atrial fibrillation after surgery (n ¼ 6) and patients who maintained normal sinus rhythm after surgery (n ¼ 10) was
analyzed using Fisher’s exact test.
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the presentation, and actively participated in the focus group.
Although 2 participants did not complete the second survey,
their input still was included in the analysis of pre-
presentation and focus-group data.

Intensive care unit (ICU) and total hospital stays were
analyzed for participants who had undergone cardiac surgery,
as shown in Figure 1. Consistent with several clinical
series,11,13,16,22,24,29-31 participants who experienced post-
operative AF tended to have longer ICU and total hospital
stays, compared to those of participants that maintained
normal sinus rhythm after the operation. Specifically, 50% of
Figure 2. Patient knowledge and opinions regarding atrial fibrillation (AF) a
vesicles [EVs]) to prevent postoperative AF. (A) Outcome of the initial surve
formed after watching a standardized video presentation and a virtual focus
participants with postoperative AF stayed in the ICU for > 1
day, whereas only 20% of participants with normal heart
rhythm stayed for the same duration (Fisher’s exact test P ¼
0.30). Furthermore, all participants with postoperative AF had
hospital stays > 5 days, whereas 50% of participants with
normal rhythm after surgery had hospitals stays lasting < 5
days after surgery (Fisher’s exact test P ¼ 0.09).

The results from the pre-presentation surveys are presented
in Figure 2A (Supplemental Appendix S1). Prior to watching
the presentation, 33% of participants were unfamiliar with
AF, and the prospect of AF occurring after surgery. A total of
fter cardiac surgery and the use of a biological therapy (extracellular
y from all patient partners. (B) Outcome from the second survey per-
group. Data are presented as mean and 95% confidence intervals.



Figure 3. Influence of patient experience and educational sessions on the likelihood of accepting a biological therapy (extracellular vesicles [EVs])
to prevent postoperative atrial fibrillation (AF) was analyzed using the Ne1 c2 test.
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62% of participants had no knowledge of biological therapies.
When the possibility of using EVs to reduce the incidence of
postoperative AF was suggested, 32% of participants were
undecided and required additional information, and 41%
expressed significant concerns.

Postpresentation and focus-group opinions were captured
in a second survey (Supplemental Appendix S2) and are
displayed in Figure 2B. All participants (100%) reported a
full understanding of the research presented, with 90%
finding the presentation to be clear. Additionally, 95% of
the participants believed that postoperative AF should be
avoided for successful surgery. In terms of acceptance, 67%
of participants expressed willingness to participate in a
clinical trial, 80% stated their willingness to accept EV
therapy without further questions, and 75% indicated that
the presentation had increased their acceptance of EV
therapy.

The acceptance of EV therapy for postoperative AF was
evaluated before and after the presentation and focus group,
categorized by participant groups, as shown in Figure 3. The
acceptance rates varied among the different research groups.
Prior to the presentation, 86% of participants awaiting
surgery, 50% of participants with postoperative AF, and
67% of participants with normal rhythm postsurgery
expressed their willingness to accept EV therapy to prevent
postoperative AF. Following the presentation and focus
groups, the acceptability rates remained high for all 3
groups, with 80% acceptance for the preoperative group,
83% for the postoperative AF group, and 88% for the
postoperative normal-rhythm group. Notably, the largest
trend in acceptance rates, before and after the presentation
and focus group, was observed in participants who had
experienced AF postoperatively.

During the focus groups, the 5 most frequently asked
questions were identified and addressed (Table 2). These
Table 2. Top 5 issues regarding the use of a biological therapy to
prevent postoperative atrial fibrillation

1. Risks and side effects of the biological therapy
2. Source of the biological therapy
3. Dosing of the biological therapy
4. Potential utility of the biological for other indications
5. Risk of contracting communicable diseases or experiencing an allergic

reaction
questions included the potential risks and side effects of EV
therapy, the source of EVs, the dosing of EVs, the utility of
EVs for patients already diagnosed with AF, and the risk of
contracting human immunodeficiency virus (HIV) or expe-
riencing allergic reactions associated with EV therapy. These
questions were discussed thoroughly during the focus groups
and will be addressed when explaining the therapy to inter-
ested patients.
Discussion
In this study, patient partners proved to be instrumental in

determining the most effective way to communicate complex
information to the general public to ensure informed consent.
One recurring theme throughout this study was the partici-
pants’ desire for education on therapies. Although time con-
straints may limit the ability to provide in-depth explanations
for emergency cardiac surgeries, offering information after the
surgery can empower patients and enhance their sense of
control over their health outcomes. Also, involving the pa-
tient’s circle of care in therapy discussions is important, as the
influence of its members can shape the patient’s perspective
significantly and reduce the level of misinformation gathered
by patients. Survey data revealed that, except for patients who
had previously experienced AF, many patients had limited
familiarity with AF or biological therapies prior to the pre-
sentation and focus group. The majority of participants
expressed in the initial survey that, although they did not fully
understand the therapy and had significant concerns, they
would still accept it based on their trust in their doctors.
However, they also expressed a desire for more information
regarding their own medical care. The responses to the video
presentation were generally positive. Despite initial appre-
hension relating to perception of EV therapy as experimental
and intimidating, participants felt more comfortable accepting
the therapy and participating in a clinical trial after gaining a
better understanding of the consequences of AF, the therapy’s
mechanism of action, preclinical research results, and similar
studies involving EV therapies. Participants suggested that the
video should be shown to all future trial participants before
they undergo treatment, as it effectively explained the ther-
apy’s benefits and risks.

Initial participant acceptance of the therapy varied,
depending on their previous experiences, with participants
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who had experienced postoperative AF exhibiting the lowest
level of acceptance. This result may be attributed to such
patients’ higher rates of complications, such as increased ICU
and hospital stays, infections, sternum reconstruction, acute
respiratory distress syndrome, and pleural effusions. Chal-
lenging postsurgery experiences could make patients less
receptive to receiving preventive therapy for a problem that
may not manifest. However, after being informed through the
presentation and focus group, participants who had experi-
enced AF showed the largest increase in acceptance level in the
postpresentation surveys. Following the presentation and
focus group, all participants displayed high and comparable
levels of acceptance of the therapy, indicating that being well
informed influenced their level of acceptance.

Participants played a vital role in informing the develop-
ment of the initial early-phase clinical trial. Their insights
could be incorporated into animal models before human trials
are conducted. For example, if all focus group participants
expressed reluctance toward injection administration of EVs,
the use of spray administration in animal models could be
considered. Frequently asked questions and voiced concerns
identified during the focus groups could be addressed in the
presentation, to alleviate patient anxiety.

Participants also provided valuable advice for improving
the presentation. Their suggestions included the following:
incorporate more graphs; keep the presentation simple, to
provide reassurance instead of inducing fear; shorten the
duration, to maintain attention; add subtitles for hearing-
impaired patients; translate the content into other languages
(particularly French); and consider color combinations that
are accessible for individuals with color blindness. These
recommendations hold value for the presentation of future
therapies as well.

Incorporating insights from patient partners should be a
priority for identifying knowledge gaps and understanding
patient attitudes in any study that precedes a clinical trial.
Given the novel nature of using cell-derived therapeutics,
identifying and addressing potential barriers to adoption and
acceptance of EV therapy is crucial, as perceived by the
patient panel, during the clinical trial preparation phase.
Survey data demonstrated that patients had a better un-
derstanding of the risks and benefits of EV therapy for
postoperative AF after the presentation. With the therapy
progressing along the translational pipeline, establishing a
long-term relationship with our patient partners is desirable.
Future patient-partner activities may involve reviewing the
clinical trial consent form to ensure clarity for the general
public, developing educational materials, and raising
awareness about potential applications for other forms of
AF. Encouraging discussions and questions from a diverse
patient-partner group proves beneficial both for the research
team’s preparation and for patient comfort during the
transition to a clinical setting.

Our approach is inherently quite time-consuming,
thereby limiting the number of patients we could include
in the study. Given that we identified patients from the
University of Ottawa Heart Institute Patient Engagement
Database, we were limited to those who self-selected as
providing ongoing research permission to contact, and self-
identified as within the realm of cardiac surgery. They then
had to be willing to commit to engaging in reviewing a
video, 2 surveys, and an encounter group. This small sample
size inherently limited the power of all statical analyses
performed. However, the information gleaned from this
process is valuable and can be used to identify issues for
future studies.

How this resource- and time-consuming process should
be integrated into regular clinical research is an interesting
question. One practical example could involve incorporating
patient-engagement activities into the standard protocol for
clinical trials, such as including patient advisory boards or
focus groups to provide ongoing feedback on study design
and implementation. Additionally, leveraging digital plat-
forms and telehealth services can facilitate remote partici-
pation and increase accessibility for patients. Another
approach could be to establish partnerships with patient-
advocacy organizations, to identify and recruit patients for
research participation, as well as to disseminate study find-
ings to the broader patient community. Ultimately, inte-
grating patient engagement into clinical research requires a
proactive and collaborative approach that prioritizes the
perspectives and needs of patients, which we hope will lead
to more patient-centred and impactful research outcomes.
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