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A B S T R A C T

Background. Intradialytic exercise (IDE) may improve physi-
cal function and health-related quality of life. However, incor-
porating IDE into standard hemodialysis care has been slow
due to feasibility challenges. We conducted a multicenter quali-
tative feasibility study to identify potential barriers and enablers
to IDE and generate potential solutions to these factors.
Methods. We conducted 43 semistructured interviews with
healthcare providers and patients across 12 hospitals in
Ontario, Canada. We used the Theoretical Domains
Framework and directed content analysis to analyze the data.
Results. We identified eight relevant domains (knowledge,
skills, beliefs about consequences, beliefs about capabilities, en-
vironmental context and resources, goals, social/professional
role and identity, and social influences) represented by three
overarching categories: knowledge, skills and expectations: lack
of staff expertise to oversee exercise, uncertainty regarding exer-
cise risks, benefits and patient interest, lack of knowledge re-
garding exercise eligibility; human, material and logistical
resources: staff concerns regarding workload, perception that
exercise professionals should supervise IDE, space, equipment
and scheduling conflict concerns; and social dynamics of the
unit: local champions and patient stories contribute to IDE sus-
tainability. We developed a list of actionable solutions by map-
ping barriers and enablers to behavior change techniques. We
also developed a feasibility checklist of 47 questions identifying
key factors to address prior to IDE launch.
Conclusions. Evidence-based solutions to identified barriers to
and enablers of IDE and a feasibility checklist may help recruit

and support units, staff and patients and address key challenges
to the delivery of IDE in diverse clinical and research settings.

Keywords: behavior change techniques, hemodialysis, intra-
dialytic exercise, qualitative methods, theoretical domains
framework

I N T R O D U C T I O N

Studies assessing the clinical impact of intradialytic exercise
(IDE) suggest that ongoing physical activity (e.g. cycling, resis-
tance exercise) during hemodialysis (HD) can mitigate declines
in physical function [1–4], lessen the severity and frequency of
dialysis-related symptoms (e.g. restless legs, fatigue) [5, 6], in-
crease quality of life [2, 7–9], improve dialysis efficacy [3, 7, 10],
protect mental health [3, 8] and improve dialysis-related myo-
cardial stunning [11, 12].

Although growing evidence supports using IDE as an adju-
vant therapy for individuals on HD, kidney programs have
been slow to incorporate exercise into standard care citing feasi-
bility concerns [13–29]. Yet, sustainable exercise programs are
possible and stand to generate clinically important outcomes
for patients [30].

Current evidence for IDE is primarily limited to small-scale,
pilot or single-site trials, with questions regarding scalability
and clinical benefit remaining [1]. Larger-scale clinical trials
demonstrating the generalizability of improvement in clinical
outcomes and the feasibility of IDE programs in resource-di-
verse locations are required for widespread adoption of this
simple, low-cost intervention [31–33].
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We conducted a qualitative feasibility study to identify bar-
riers to and enablers of intradialytic cycling from the perspec-
tive of healthcare providers and patients across multiple HD
units. To facilitate IDE delivery in diverse units we aimed to
then identify appropriate behavior change techniques [34, 35],
develop actionable solutions and identify key questions that
must be considered prior to implementing an IDE intervention
in diverse clinical and research settings.

M A T E R I A L S A N D M E T H O D S

We followed the Consolidated Criteria for Reporting
Qualitative Studies (COREQ) guidelines [36].

Sampling strategy

Adults (�18 years of age) with end-stage kidney disease re-
ceiving HD and healthcare providers currently working in HD
units across Ontario who were able to communicate in English
and provide informed consent were eligible to participate in
this study. We used both purposive and snowball sampling. We
asked program administrators, colleagues and interviewees
throughout Ontario to share information about our study.
Patients were recruited from four hospital sites and were
approached by members of their circle of care. We also placed

an advertisement on the Kidney Foundation of Canada website
inviting HD unit staff and patients to contact the research team
for information about this study. We sought participants who
represented various age groups, geographical regions, unit types
(e.g. hospitals, satellite sites), lengths of time in HD units and
experiences with IDE.

Researcher as instrument

G.C., a research coordinator, conducted interviews, analyzed
data and drafted this manuscript. G.C. drew from her back-
ground in social psychology, the Theoretical

Domains Framework (TDF) and qualitative methods to un-
derstand feasibility barriers in context. She deepened her under-
standing of IDE by engaging with qualitative literature, learning
from patient partners and working closely with C.B., a nephrol-
ogist and IDE expert. She also received guidance from an expert
in health psychology, behavior change and implementation sci-
ence (J.P.).

Interview guide development

We used the TDF, a broad and versatile [37, 38] framework
that synthesizes constructs from 33 behavior change theories
into 12 domains, to facilitate detection of challenges that may
arise when IDE interventions are delivered in practice (Table

KEY LEARNING POINTS

What is already known about this subject?

• Intradialytic exercise (IDE) is associated with improved physical function, quality of life, dialysis clearance, mental
health and, more recently, as a protective factor against myocardial stunning in adults on maintenance hemodialysis
(HD).

• Despite these documented benefits, HD units have been hesitant to integrate IDE into standard care, citing concerns
over the feasibility of IDE delivery and enactment (e.g. workload, logistics and patient interest).

• Guided by the theoretical domains framework, we sought to identify and consolidate a comprehensive set of potential
feasibility barriers and enablers that HD units may encounter when seeking to deliver IDE.

What this study adds?

• We developed a feasibility assessment tool that provides a checklist of feasibility factors that units are advised to
consider before launching IDE interventions.

• While previous studies have focused on providing recommendations for encouraging IDE uptake, we identified
barriers and enablers according to the factors known to influence behavior change (theoretical domains) and mapped
these factors to theoretically driven strategies (behavior change techniques) to develop fit-for-purpose strategies to
support IDE delivery in HD units.

• Using behavior change theory to develop strategies to support IDE delivery and enactment presents those interested in
delivering IDE interventions with concrete solutions to overcoming long-standing barriers to IDE (e.g. workload,
logistics and patient interest).

What impact this may have on practice or policy?

• The developed strategies and feasibility checklist can be used together to design unit-specific supportive strategies to
address known barriers and enablers across a variety of clinical and research settings.
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1). Interview guides were developed based on the action, actor,
context, target, time (AACTT) principle and TDF guidance [38,
39]. Questions and prompts were designed to identify barriers
and enablers related to the target behavior (i.e. ‘who needs to do
what when’) for different stakeholder groups by addressing all
12 TDF domains (see Supplement 1). Interview guides for pa-
tient participants were piloted with two patient partners and re-
vised based on their feedback.

Interviews

Interested participants were invited to participate in a single
interview in person (e.g. in a private hospital office) or over the
phone. All interviews (phone and in person) were prearranged
according to participant availability. The interviewer (G.C.) had
no prior relationship with participants and explained the goals
of the study (i.e. to identify barriers to and enablers of support-
ing and engaging in intradialytic cycling). Interviews were digi-
tally recorded with permission. G.C. took notes during and
after interviews, capturing key ideas, tone and reflections.
Interviews were transcribed verbatim by a professional tran-
scriptionist. Interview quotes were shared with participants
when specifically requested. Interview transcripts were not
shared with participants for feedback.

Analysis

We conducted a directed content analysis guided by the
TDF and facilitated by NVivo version 11 (QSR International,
Chadstone, VIC, Australia) [38, 40]. G.C. read through tran-
scripts, identified data units (between two and six lines of text),
labeled data with codes and sorted codes into TDF domains.
Codes were refined by comparing data units within and across
codes to determine how codes were similar, different and re-
lated to each other. Codes relating to similar topics were
grouped into within-domain subcategories. Code and subcate-
gory definitions were documented in a codebook.

A second analyst (M.W.) with a background in public health
independently coded nine interviews and assessed how well the
codebook captured the data. The two analysts discussed

competing interpretations of codes and subcategories until they
arrived at agreed-upon changes to the codebook. M.W. coded
an additional six interviews and independently generated ana-
lytic categories that transcended domains. The two analysts met
to discuss their respective analyses.

In parallel, patient partners were provided with results tables
that featured brief descriptions of domain-level subcategories
along with representative quotes. Patient partners were invited
to provide feedback and insights on the results tables in two
meetings. G.C. integrated feedback from all sources to develop
the final set of analytic categories.

Saturation

We used the 10þ 3 saturation rule to verify that no new
within-domain subcategories were identified in the last three
interviews for each stakeholder group (i.e. healthcare providers
and patient interviews) [41].

Developing solutions to identified barriers

G.C. and M.W. used existing tools [34, 35] to independently
map TDF-identified barriers (i.e. cross-domain categories) to
behavior change techniques (i.e. components of an intervention
that target behavior change) [34] to facilitate developing fit-for-
purpose strategies for supporting IDE engagement and delivery
in HD units with diverse characteristics. G.C. and M.W. dis-
cussed differences until they reached consensus regarding what
behavior change techniques were most suitable.

Feasibility assessment tool

We developed an IDE feasibility assessment tool to aid in the
identification of unit-specific factors that need to be identified
and addressed prior to the launch of an IDE cycling interven-
tion (Box 1). Questions were generated by considering what
barriers and enablers varied across represented units.

Ethics

This study received ethics approval from the Ottawa
Health Science Network Research Ethics Board (protocol

Table 1. Description of theoretical domains included in the TDF version 1 [37, 38]

Domain Description

Knowledge An awareness of the existence of something (including knowledge of condition/scientific rationale)
Skills An ability or proficiency acquired through practice
Social/professional role and identity A coherent set of behaviors and displayed personal qualities of an individual in a social or work

setting
Beliefs about capabilities Acceptance of the truth, reality or validity about an ability, talent or facility that a person can put to

constructive use
Beliefs about consequences Acceptances of the truth, reality or validity about outcomes of a behavior in a given situation
Motivation and goals Mental representations of outcomes or end states that an individual wants to achieve
Memory, attention and decision processes The ability to retain information, focus selectively on aspects of the environment and choose between

two or more alternatives
Environmental context and resources Any circumstance of a person’s situation or environment that discourages or encourages the develop-

ment of skills and abilities, independence, social competence and adaptive behavior
Social influences Those interpersonal processes that can cause individuals to change their thoughts, feelings or

behaviors
Emotion A complex reaction pattern involving experiential, behavioral and physiological elements by which the

individual attempts to deal with a personally significant matter or event
Behavioral regulation Anything aimed at managing or changing objectively observed or measured actions
Nature of behavior Direct experience/past behavior including routine, automatic or habitual behavior
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Box 1. Feasibility tool for introducing IDE into a given unit

Knowledge, skills and expertise
What training can be provided to existing unit staff?

• Are the unit leadership aware of current evidence for IDE?
• How will risks and benefits of IDE be communicated to staff and patients?
• Do staff have the capacity to undertake skills training?
• Do staff have the capacity to employ learned skills?
• What kind of support can be provided at the bedside?
• What guidance will be provided to aid staff in identifying patients?
• Will rationales for inclusion/exclusion criteria be provided?
• What experience do staff have with exercise equipment and IDE interventions?
• Will staff be trained to conduct assessments and how to make adjustments to exercise plans?

What expertise do unit staff have access to?

• Will the unit have access to an exercise professional?
• Will an exercise professional be available to set up the intervention?
• Will an exercise professional deliver the intervention?
• Who will deliver the intervention beyond the trial?
• Will staff support the IDE intervention if the unit has access to an exercise professional?

Human, material and logistical resources
What kind of unit (academic, community and satellite) is being considered for an IDE intervention?

• Do they have a history of previous IDE programs?
• How often are nephrologists present in the unit?
• What is the inpatient:outpatient ratio?
• What is the nursing staff:patient ratio?
• What does a typical nurse assignment involve?

What staff are available to contribute to an IDE program?

• Is now a good time? How saturated is the unit with other ongoing practice changes?
• How much time do staff feel they have to devote to another practice change?
• How do staff characterize their workload?
• What is the current division of labor and how do staff feel about it?
• Are there dialysis aides, personal support workers, exercise professionals, students or volunteers available?

What equipment is present in the unit?

• What equipment, if any, is available (e.g. what bike models)?
• What are staff and patient perceptions of existing exercise equipment? Does equipment need to be replaced or

supplemented?
• Will the chosen equipment interfere/conflict with dialysis setup (e.g. will the bike model preclude the use of certain

bed/chair models)?
• How are patients assigned to chairs/beds? How will this impact equipment set up?
• How will incompatible equipment be addressed?

How will the layout of the unit impact exercise set up?

• How far away are potential equipment storage areas?
• How much time is needed to retrieve equipment?
• Is there sufficient space for equipment to be moved around (e.g. bikes to be wheeled around in a cart)?

When is the best time to set up exercise equipment?

• How are staff breaks organized?
• How much time is equipment set up expected to take?
• How can the time needed to set up equipment be integrated into the daily flow of unit activities?
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20180517-01T; Clinical Trials Ontario 1526). All partici-
pants provided written or verbal consent prior to participat-
ing in interviews.

R E S U L T S

Participants

Thirty-five healthcare providers and 27 patients expressed
interest in completing an interview. Of those, six healthcare
providers and six patients could not be reached, three health-
care providers and two patients declined for unknown reasons
and two patients declined due to health changes. Forty-three
interviews were conducted between September 2018 and
February 2020, including 26 healthcare providers (8 nurses, 7
nephrologists, 6 managers, 3 exercise professionals and 2 unit
aides) and 17 patients across 12 hospital hubs in Ontario,
Canada (see Table 2 for participant details).

Healthcare providers. More women-identified healthcare
providers (n¼ 18) participated than did men. The median age
of staff was 45 years [interquartile range (IQR) 35–52]. They
reported working in HD units for a median of 10.5 years (IQR
4.5–18.5). Most staff were based in teaching hospital units
(n¼ 18) and many had prior experience with intradialytic cy-
cling programs (n¼ 12). Most interviews with staff were con-
ducted over the phone (n¼ 24) and lasted a median of 34.5 min
(IQR 31–42).

Patients. Eight women and nine men participated in inter-
views. The median age of participants was 57 years (IQR 51.5–
68). Participants had been on maintenance HD for a median of
5 years (IQR 3.5–7). Many were based in teaching hospital units
(n¼ 9) and seven had experience cycling while dialyzing.
Fourteen interviews were conducted over the phone and three
were conducted in person. Interviews lasted a median of 43 min
(IQR 34–59). One interview was conducted in an HD unit
where staff and other patients were present. Interviews with

healthcare providers and patients that were conducted over the
phone were similar in content, length and tone as those con-
ducted in person. Participants who were interviewed in person
were recruited from the same site but did not differ otherwise
from those interviewed over the phone.

Categories and relevant domains

We identified eight TDF domains as critical to address given
their relevance, strength and frequency [38] (knowledge, skills,
beliefs about consequences, beliefs about capabilities, environ-
mental context and resources, goals, social/professional role
and identity, and social influences). Three analytic categories
summarize cross-domain categories: knowledge, skills and
expectations; human, material and logistical resources; and so-
cial dynamics of the unit. Table 3 presents the analytic catego-
ries, cross-domain categories, relevant domains and exemplary
quotes. All participant names have been replaced with
participant-chosen pseudonyms.

Category 1: knowledge, skills and expectations

Risks and benefits for staff and patients. Staff and patient
interviewees believed patients would experience positive health
outcomes (e.g. improved cardiovascular, mental and physical
health, quality of life and dialysis clearance) and that IDE was a
productive use of time, though some remained skeptical of the
potential benefits. Staff and patients simultaneously expressed
concerns over potential risks, fearing an increase in symptoms
like fatigue and cramping, negative impacts on cardiovascular
health and the risk of equipment interfering with timely crisis
intervention.

Insufficient skill to create and oversee exercise
plans. Interview participants were concerned about exercise-
related injuries, given that staff lacked the expertise to develop
and oversee individualized exercise plans. Staff were uncertain
regarding contraindications to exercise participation. Staff

Social dynamics of the unit
What is the likelihood of engaging champions?

• Are there easily identifiable champions in the unit’s leadership team? Among frontline staff? Among patients?
• Does the unit leadership have the capacity to support a new intervention?
• Do nephrologists support IDE? Are they willing to endorse and champion an IDE intervention?
• Will frontline staff champions be allocated time to complete champion-related tasks?
• What training do champions need to complete their champion duties?
• How socially engaged are champion contenders? How likeable are champion contenders?

What communication avenues are available for sharing patient stories and outcomes?

• What patient stories can be shared with unit staff and other patients?
• What opportunities are there for showcasing patients who exercise?
• What kind of intervention progress and outcome data can be shared with staff and patients?
• How can feedback mechanisms be integrated into the intervention?
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suggested they would benefit from in-servicing and expert over-
sight to safely adjust care plans.

Assumptions about patient eligibility. Staff expressed un-
certainty regarding eligibility criteria and expressed beliefs that
patients who were hemodynamically unstable, older, frail and
experienced limited mobility would not be appropriate candi-
dates for IDE. Some suggested they would be inclined to ap-
proach healthier patients first. A few patient participants
echoed similar beliefs. One nephrologist believed staff assump-
tions regarding patient eligibility may unnecessarily limit who
benefits from an IDE intervention.

Assumptions about patient interest. Staff and patients
expressed skepticism regarding the feasibility of IDE given their
perceptions of low patient interest. Staff and patients believed
that eligible patients would rather use their dialysis time to rest
and only a few patients (e.g. 20–30%) would be interested in
cycling.

Identifying and approaching potential candidates. In
units where cycling was available, identifying candidates was of-
ten left to the discretion of individual unit staff. Some staff
reported approaching patients who demonstrated mobility, sta-
mina and motivation. Others relied on patients to self-refer.
However, several patient participants who expressed interest in
intradialytic cycling during their interview reported they had
not asked about using bikes available in their unit because they
preferred to be approached by staff. Some were concerned that
asking staff may be bothersome (‘It might be a pain in the ass to

set up, you know what I mean?’ – Robert), while others were
unsure whether cycling was appropriate for them. One patient
participant suggested being asked by staff to cycle may motivate
engagement.

Category 2: human, material and logistical resources

Concerns about workload. Staff believed introducing an
IDE intervention would significantly increase workload, though
a few believed the workload would lessen in the long term as
patients improved their functional status (e.g. fewer patients
needing staff-assisted transfers). Staff indicated the unpredict-
ability of HD sessions made it challenging to prioritize bike set
up, even when IDE was viewed favorably. Nursing staff resented
delegation of tasks perceived as extraneous to their scope of
practice without consideration for how that might impact their
work experience. Many suggested delivering IDE cycling pro-
grams would be difficult given their time constraints and used
the refrain ‘one more thing’ to emphasize strained resources. A
few based their workload expectations on past experiences
where cyclists were described as ‘a pain in the butt’ when
exercise-related movements set off alarms during treatment,
while another staff member from the same unit believed deliv-
ering IDE was manageable despite time constraints. Others be-
lieved there was sufficient time for bike set up in their units.

Need for exercise professionals. In units that previously
had exercise programs run by physiotherapists, staff partici-
pants believed IDE was part of an exercise specialist’s role and
not their’s. Others believed that exercise specialists were the

Table 2. Participant characteristics

Characteristics Healthcare providers (n¼ 26) People on dialysis (n¼ 17)

Gender, n
Women 18 8
Men 8 9
Age (years)
Mean (SD) 43.5 (10.03) 57.7 (12.53)
Median (range) 45 (28–59) 57 (32–79)
IQR 35–52 51.5–68
Years in/on HD
Mean (SD) 11.5 (8.59) 7.3 (6.22)
Median (range) 10.5 (1.5–33) 5 (2–24)
IQR 4.5–18.5 3.5–7
Type of unita

Teaching hospital unit 18 9
General hospital (>100 beds) 4 2
General hospital (<100 beds) 1 1
Teaching hospital satellite site 3 5
Experience with IDE
Yes 12 7
No 14 10
Interview length (min)
Mean (SD) 37.75 (9.65) 47 (18.45)
Median (range) 34.5 (25–73) 43 (19.5–93)
IQR 31–42 34–59
Place of interview
Over the phone 24 14
Hospital/office 2 3

a

Units were classified based on the Ontario Ministry of Health’s classification system (http://www.health.gov.on.ca/en/common/system/services/hosp/hospcode.aspx).

563Barriers and enablers to IDE

http://www.health.gov.on.ca/en/common/system/services/hosp/hospcode.aspx


Table 3. Global themes, TDF domains and exemplary quotes

Subcategories TDF domains Quotes

Category 1: knowledge, skills and expectations
• Risks and benefits for staff and patients
• Most believed IDE was associated with a

variety of health benefits
• A few expressed doubts over benefits
• Many raised concerns over risk of injury

Beliefs about consequences
Knowledge

‘So, I say you get more energy, more flexibility. Your legs move better, you
know. You can go up the stair without feeling like you climb a mountain,
you know’. – Marlena, patient

‘And so I think if they could get in an exercise program and hopefully get
stronger in order to better prepare them for transplant I would be excited
for that patient’. – Anne, MD

‘So intradialytic exercise has been shown to improve certain patient symp-
toms like restless legs, for example. That’s the one that I believe may be
true. There’s a bunch of other stuff that intradialytic exercise has been
named to improve, like in terms of outcomes like depression, blood pres-
sure, ultrafiltration, but I’m not sure I believe any of those other stuff, so
maybe restless legs’. – Sam, MD

‘Because when you’re on the machine you get very sick and you get light-
headed and your blood pressure drops and, you know, it’s not easy, trust
me, it’s not an easy thing. Yeah it’s very rough. Yeah so I wouldn’t want
to take a chance’. – Sandra, patient

‘Yeah the only issue that I see with that is in the off chance of an emer-
gency, you know, your blood pressure bottoms out or because you’re
pedalling and everything your heart rate will be a little bit higher, right’.
– Ian, patient

• Insufficient skill and knowledge to create
and oversee exercise plans

• Staff questioned what factors precluded
exercise

• Staff believed they lacked the necessary
skill and training to oversee exercise plans

Skills
Knowledge

‘I think just the plan. . .what the expectations would be in terms of the exer-
cise? So how they’re gonna progress the first few weeks or what the inten-
tion is?. . .what’s an absolute contraindication to the study? What’s
something that we can modify? We would certainly need that informa-
tion’. – Trish, RN

‘And it’s not just randomly pedalling without a clear goal or expectation. I
think that’s the part where nurses, technicians and doctors even nephrol-
ogists don’t really have a lot of expertise in. And so, you know, if you just
bring pedals to a unit and you say here you go that’s where you’re likely
gonna fail because we lack that ability to really assess and tailor the pro-
grams to patients individually’. – Justin, MD

• Assumptions about patient eligibility
• Staff raised questions regarding eligibility

criteria and contraindications
• Both staff and patients believed people

who were older, frail and with limited
mobility were unlikely to be eligible for
IDE

• One staff participant believed assump-
tions about eligibility may lead to missed
opportunities

Beliefs about consequences
Knowledge

‘It depends on the patient but I think if I had a patient that I knew was hav-
ing a lot of angina or I needed to intervene with and do ECGs on a regu-
lar basis I’d probably say that’s somebody I don’t think should exercise.
But is that really true?’ – Molly, RN

‘Usually the mobile patient is offered first, right, the people, the patients
that walk in. The people that come in in wheelchairs and so forth are,
you know, assessed by physio and, and that sort of thing. And then the
ones that we know that tend to drop their blood pressure during dialysis
are not offered. But usually the ones that walk in, you know, indepen-
dently the younger patients’. – Susy, RN

‘It depends on their health state and depends on their age too. Age matters
if you are very old, some people are very old there so I don’t believe those
people can do the exercise’. – John, patient

‘Sounds great but I think the crowd that I’m with, a lot of them come in
walkers. Some come in the little carts so, in my personal view, if you got
20% of us you did very well’. – Robert Redford, patient

‘Yeah I think your biggest challenge, on the medical side, your challenge is
making sure that we don’t, that doctors or nephrologists don’t make
patients ineligible when in fact they might stand to benefit. I think that’s
the biggest risk from a medical standpoint’. – Justin, MD

• Assumptions about patient interest
• Staff and patients believed few eligible

patients would be interested in IDE

Beliefs about consequences ‘I think for certain patients who are keen to do it and are going to do it on
an ongoing basis. . . unfortunately I don’t think there’s a lot of them. . .’.
– George, MD

‘People just want to come in either turn on the TV or come in and have a
nap. So, it’s a smaller percentage of patients that really want to participate
while they’re on dialysis’. – Jane, manager

‘Oh I think the exercise thing is awesome but I think it will be a bit of a
challenge to get some patients to agree. There’ll be patients there’ll be a
handful of patients that will be quite willing, but there’ll be some patients
that we’ll need to persuade a little bit . . . But it’ll be challenging for sure
looking at our group’. – Shelby, RN

Continued
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Table 3. Continued

Subcategories TDF domains Quotes

‘So you’re coming in there with an exercise machine into an environment
that is not used to it you’re gonna have a very big uphill battle. For me
personally it’s wonderful, but for my surrounding people, my peers, I
think you’re gonna have a terrible time’. – Callie, patient

‘I don’t think there’s anybody that would like to bother them about exer-
cise. . .’. – Jennifer, patient

• Identifying potential candidates
• Some staff relied on patients to self-refer
• Some patients preferred to be approached

by staff

Social and professional role
Knowledge

‘I guess if I saw value in it I would suggest it to a patient like patients who
feel that they have restless legs or patients complain of other things, like
being bored. I might say why don’t you try the cycling program?
Typically, though, the patients ask us. I have to admit I’m probably not
as good at suggesting it as I am at supporting it if someone asks’. – Molly,
RN

‘So for now it’s still on a voluntary basis so if any patients see the other
patients exercising they can approach me or the nurses. Otherwise some-
times the doctors will refer them to me’. – Tina, exercise professional

‘If they have someone that would ask you if you want to do exercise rather
than waiting for you to ask them, it might motivate more people’. – Lola,
patient

Category 2: human, material and logistical resources
• Concerns about workload
• Participants believed an IDE intervention

would significantly increase staff work-
load and would be difficult to prioritize

• Perceptions of workload may be influ-
enced by past experiences

• Many believed nursing staff would be re-
sistant to more work

• A few believed workload may lessen

Beliefs about consequences
Beliefs about capabilities
Environmental context and

resources
Goals

‘. . .so they’re like all over the place trying to cover each other and stuff like
that. So I’m just wondering how that’s gonna affect somebody coming in
to just stay with me while I do those exercises. . .’. – Guinea Pig, patient

‘The other thought though is the impact on the staff. Because someone on
the staff has to bring the bike put it in place, move it away, and depend-
ing on what the mechanics and logistics are that’s an added workload for
the staff and that’s got to be factored in for sure’. – Sheldon, patient

‘I think that staff are already very, very busy and to throw something else at
them I think will get an emotional response. There’ll be resistance based
on workload’. – Penelope, manager

‘. . .all you need is one of those patients to have a line that doesn’t work, a
fistula that’s acting up or somebody that’s unwell and your whole day
goes to hell in a handbag. So having to drag somebody’s physio equip-
ment on top of it, you know, it’s just kind of one more thing to a never-
ending list. But in that particular instance it’s not gonna get done because
the priority is the sick patient, a line that doesn’t work’. – Amy, RN

‘. . .while the patient’s actually dialysing there is downtime so that’s there’s
opportunity for the staff to step in there and set up the equipment have
the conversations with the patient. So I can’t really see it being an extra
workload for anybody’. – Elizabeth, manager

• Need for exercise professionals
• Many participants believed exercise pro-

fessionals should take responsibility for
IDE to address workload concerns

• One participant shared how nursing staff
were resistant to IDE even when an exer-
cise professional was present

Social and professional role
Environmental context and

resources

‘Yeah that model [with physiotherapists] would be I think the better than
just leave it for the nurses if there’s just one person comes and set it up
and it would be some, it would be some resource accessible to the nurses
too. They’re just not leaving the nurses with some kind of extra work to
be done yeah’. – Sarah, RN

‘And I think that somebody with exercise expertise who could transmit
that and then you get into the champions idea so that there are people
who know who have a better understanding of what’s going on. I think
that would work best’. – Sue, MD

‘Well the advantage of the physiotherapist was guidance’. – John Doe,
patient

‘So I think there was a lack of knowledge from the beginning on the nurs-
ing staff and a lot of resistance. So, you know, the fact that I was touching
their patients I think that was a huge issue at the beginning’. – Tina, exer-
cise professional

• Space and equipment
• Units differ in space requirements for

bike storage and movement
• Biking equipment must fit dialysis chair/

beds and be easy to move, use, maintain
and clean

Environmental context and
resources

‘. . .if we have several bikes that are being used at a time it creates more
equipment that could be tripped over or if we have someone who’s unsta-
ble and we had to call a code it’s just more equipment that could be in
the way’. – Maddie, RN

‘We’d have to wait until all the patients are on because the nurses are mov-
ing around and patients are coming and going and we don’t want any-
thing on the floor to be in their way. So we’d have to wait until they were
all on’. – Stephanie, unit aide

‘[And] the cleaning of those things too. Like okay, if this thing comes off
you can just put this thing back in or if this thing is loose you can tighten

Continued
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most qualified healthcare providers and preferred they oversee
an IDE program, including bike set up. A few patient partici-
pants indicated they would appreciate the oversight and moni-
toring of an exercise professional, though others believed this
was not necessary. One staff participant shared that an exercise
professional in their unit was met with staff resistance while
other staff expressed interest in offering exercise opportunities
without the guidance of an exercise specialist.

Space and equipment. Staff believed exercise bikes would
increase clutter in the unit and interfere with unit processes.
They suggested grouping cyclists in low-traffic areas to

minimize moving equipment and thereby reduce collisions.
Participants also discussed the need for exercise bikes to be
light, mobile, easy to set up, easy to maintain and clean, easy to
adjust to patient stature and compatible with existing HD chairs
and beds. For several participants, access to the right type of
equipment was the most significant barrier faced in their unit.
One staff participant suggested learning basic bike repairs
would be necessary for long-term sustainability. Some staff sug-
gested improving patient scheduling to ensure they were dialyz-
ing in chairs suitable for cycling. A few patients indicated that
exercise bikes that were quiet would be important to ensure har-
mony in the unit.

Table 3. Continued

Subcategories TDF domains Quotes

it from here or if this thing is making noise we can put oil here. So, those
are some small things we need to know and that way we can run this pro-
gram smoothly’. – Afim, unit aide

‘The nurses don’t like having to move that bike around so they don’t en-
courage it.. . .the nurses don’t because frankly they don’t like having to
lug it out and move it around. That’s my honest impression. [laugh]’ –
Brian, MD

‘I think the biggest trouble that I’ve had is logistics. . . is the right patient
on the right bed for their session?. . .if you’re on the wrong bed I can’t
bike with you’. – Edward, exercise professional

‘I’ve been back on dialysis for over two years and there’s nothing. . . nobody
seems to know where there’s a bike’. – Marie, patient

Category 3: social dynamics of the unit
• Champions
• Champions are important enablers of

IDE
• Nephrologists were believed to be instru-

mental in supporting practice changes
• Nurse champions were seen as necessary

for supporting practice changes at the
bedside and encouraging patients to cycle,
though many suggested it would be diffi-
cult to recruit nurse champions

• Patient champions were believed to en-
courage other patients, though not all
patients would welcome a peer champion

Social influence ‘. . .it would need to be the physiotherapist and somebody from the admin-
istration side . . .then one of the physicians as well. So having at least one
physician champion would be very helpful as well’. – Nurse, manager

‘And having the physicians onboard too and maybe them coming to talk to
the staff about it is another one’. – Veronica, RN

‘Just maybe the staff pushing a little bit more, you know, just trying to talk
you into it without being too pushy. You know, just reminding you that
the equipment’s there and how good you felt when you were on it’. –
Bandit, patient

‘I think it’s a good idea. But I don’t know. . . Just like from my time as
charge nurse and then the coordinator saying, you know, get somebody
on this, get somebody on this and never would you have anybody volun-
teering for things’. – Lou, RN

‘Well it can only be a positive thing, because you have a champion helping
you, encouraging you that’s got to be a positive thing’. – Susy, patient

‘I think the staff going to patients and saying that we think. . .the cycling
program is for you and it will help you. Patients would react to that a cer-
tain degree more so than if oh these three people are involved. . .’. –
Timbo Slambo, patient

‘Speaking only for myself, I think I’d find it an unnecessary pressure’. –
Sheldon, patient

• Patient stories to ignite motivation
• Patient stories and experiences are highly

influential and can motivate staff and
patients to engage in IDE

Social influence
Goals

‘And then the other side would be patient stories. Any patients that have
had the intradialytic exercise and what it means to them and the benefits
of it. . ..If you’ve got some of that I think that would help’. – Polly Anna,
manager

‘I guess the feedback from the patients that they’re enjoying it. If it becomes
important to the patient, then it becomes important to me’. – Lou, RN

‘. . .if the patient’s excited about it it’s gonna be a lot harder to say no we’re
not doing that for you’. – Trish, RN

‘This lady in the article, she was the one who was biking back then. I don’t
know what year that was when her picture was taken. . ..And she was in
there and I thought if she can do it I can do it’. – Canadian Kidney Girl,
patient
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Category 3: social dynamics of the unit

Champions. Participants identified administrative, frontline
and patient champions as critical enablers for the delivery and
sustainability of IDE. Staff and patient champions were thought
to generate change through their knowledge, passion, dedica-
tion and positive relationships with others in the unit.

Staff agreed that nephrologists’ endorsements would per-
suade nursing staff that an IDE intervention would be worth
the effort. Patient participants indicated they would be more
likely to engage in IDE if their nephrologist recommended it.

Nurse champions were seen as critical for teaching, model-
ing practice changes and offering support to their peers. Staff
and patients believed nurse champions were well suited to pro-
moting exercise given their involvement in the routine care of
patients. However, nursing staff believed it would be difficult to
find volunteers for the champion role. One nurse suggested that
having dedicated time, or a financial incentive, to take on a
champion role would help generate interest.

Patient champions were seen as helpful for encouraging
other patients to cycle. Patient participants shared that they
would feel encouraged to engage in IDE if they could see the
process modeled by others first. However, many noted that not
all cyclists would appreciate a peer mentor and may instead pre-
fer guidance from healthcare staff. Patient participants also var-
ied in their interest in adopting a champion role depending on
how socially engaged they were in the unit.

Patient stories. Staff and patients viewed patient stories as a
powerful enabler. Staff participants valued improving patient
experiences, outcomes and quality of life and expressed a desire
to see patients ‘do well’. Frontline staff indicated that they
would be more motivated to set up bikes if they knew it would
result in health improvements for patients and if they knew
IDE was important to patients (‘if it becomes important to the
patient, then it becomes important to me’ – Lou, nurse). Patient
participants were also influenced by patient stories and experi-
ences. Many described becoming interested in IDE after seeing
or hearing about other patients using exercise equipment dur-
ing dialysis.

Actionable solutions to identified barriers

The barriers and enablers identified in this study were
mapped to behavior change techniques and operationalized
based on details provided in participant interviews (see Table 4
and Supplement 2). For example, participant concerns regard-
ing risks and benefits and how to oversee exercise plans were
rooted in a lack of knowledge and skills and associated expecta-
tions. Using behavior change techniques that provide opportu-
nities for learning and skill development (e.g. instruction on
how to perform the behavior, demonstration of the behavior,
information about health consequences) and that encourage
critical evaluations of risks and rewards (e.g. information about
health consequences, comparative imaging of future outcomes,
pros and cons) may address staff and patient apprehension,
thereby encouraging staff engagement in IDE delivery and pa-
tient enactment of IDE.

Feasibility assessment tool

The identified behavior change techniques may help to facil-
itate IDE delivery across diverse settings. However, identifying
which solutions are most appropriate for a given unit will de-
pend on specific local barriers and enablers. For example, staff
perceptions of workload varied across and within units, sug-
gesting a need to assess how staff view their current workload
(e.g. ‘How do staff characterize their workload?’) prior to inter-
vention launch. Box 1 presents key questions regarding each of
the identified factors that researchers, clinicians and unit man-
agers can use to evaluate unit readiness and to identify which
solutions are most appropriate for addressing anticipated bar-
riers before moving forward with program delivery in both re-
search and clinical settings.

D I S C U S S I O N

Many have suggested that integrating IDE into standard care
requires a change in dialysis culture toward wellness rather
than medical treatment [30, 33]. Although definitions vary,
‘culture’ can be understood to encompass shared values, behav-
iors, goals and assumptions [42, 43]. The proposed behavior
change techniques and operationalized solutions target values,
behaviors, goals and assumptions. Thus this work builds upon
past research by suggesting a means by which to operationalize
culture change and increase the feasibility of IDE. Our tools,
grounded in behavior change theories, provide actionable solu-
tions to identified barriers and are designed to facilitate the de-
livery of IDE programs in clinical practice and multisite clinical
trials.

Past research reporting on barriers to IDE has found similar
barriers and enablers as those identified in this study. Staff
workload has been a recurring barrier to IDE without clear sol-
utions [14, 15, 18, 20–23, 29]. Our study confirms that work-
load and time constraints are challenging factors. However, the
differences in workload perceptions among staff in this study
nuance our understanding of these barriers by highlighting how
‘anticipated’ workload (based on assumptions or negative past
experiences) differs within and across units, suggesting staff
attitudes may be shaped, in part, by expectations. Recent re-
search supports this association, as one study found that nurs-
ing staff who had not witnessed patients exercising were more
likely to identify barriers while those who had seen patients
exercising expressed more positive views [44]. Another study
found that staff expressed more positive views after watching an
IDE film and gaining a better understanding of how intradia-
lytic cycling operates [45]. Staff expectations therefore represent
a potential avenue for change in addition to seeking organiza-
tional support to bolster human resources.

Patient eligibility and interest have also been previously
identified as barriers [4, 14, 20, 22, 29, 46]. Yet, almost anyone
can exercise so long as they begin with low intensities and grad-
ually progress [46]. Likewise, evidence herein and in the litera-
ture [17, 24, 25, 46] suggests patient interest may not be as
significant a barrier as staff perceptions suggest [20, 31]. It is
possible that patients refrain from expressing interest if they are
uncertain about their eligibility and may instead rely on staff to
provide clarity. Behavior change techniques that target staff and

567Barriers and enablers to IDE
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patient perceptions of who is fit to exercise may therefore si-
multaneously address two long-standing barriers identified in
the literature and in this study.

Our study focused on the accounts of healthcare providers
and HD patients. Funders and policymakers are also an impor-
tant stakeholder group to engage in future research given the
human and resource constraints that are often cited as barriers.
Other limitations of this study include overrepresentation of
patients and staff from larger urban and academic hospitals, po-
tentially limiting the transferability of our findings to smaller
dialysis units located in rural settings. Additionally, while
<10% of HD units in Ontario offered exercise programs or car-
diac rehabilitation programs in 2012 [47], 44% (n¼ 19) of par-
ticipants had some experience with IDE programs. This likely
represents a self-selection bias in that healthcare providers and

patients with prior IDE experience may have had a greater in-
terest in this project. This may also account for the generally
positive views that patient participants expressed in relation to
IDE. Further research is needed to explicitly explore the views
of patients who are not interested in IDE irrespective of past ex-
perience. Finally, our feasibility checklist and solutions were de-
veloped based on interviews conducted in one province and
require further testing and validation in geographically and re-
source-diverse HD units.

The strengths of this study lie in the diversity of participant
experiences with IDE (ranging from none to active current in-
volvement in IDE) and the breadth of topics covered during
interviews. To our knowledge, few studies have comprehen-
sively assessed barriers and enablers across multiple HD sites,
representing input from diverse stakeholder groups with

Equator network reporting checklist—COREQ checklist

Item Guide questions/descriptions Reported on page #

Domain 1. Research team and reflexivity
Personal characteristics
Interviewer/facilitator Which author/s conducted the interview or focus

group?
p. 6

Credentials What were the researcher’s credentials? (e.g. PhD,
MD)

p. 6, title page

Occupation What was their occupation at the time of the
study?

p. 6

Gender Was the researcher male or female? p. 6
Experience and training What experience or training did the researcher

have?
p. 6

Relationship with participants
Relationship established Was a relationship established prior to study

commencement?
p. 7

Participant knowledge of the interviewer What did the participants know about the re-
searcher? (e.g. personal goals, reasons for doing
the research)

p. 7, Supplement 1

Interviewer characteristics What characteristics were reported about the inter-
viewer/facilitator? (e.g. bias, assumptions, rea-
sons and interests in the research topic)

N/A, not reported. However, interviewer biases
and assumptions were documented in a re-
flexivity journal.

Domain 2: Study design
Theoretical framework
Methodological orientation and theory What methodological orientation was stated to un-

derpin the study? (e.g. grounded theory, dis-
course analysis, ethnography, phenomenology
and content analysis)

p. 6–7

Participant selection
Sampling How were participants selected? (e.g. purposive,

convenience, consecutive and snowball)
p. 6

Method of approach How were participants approached? (e.g. face-to-
face, telephone, mail and e-mail)

p. 6

Sample size How many participants were in the study? p. 9
Nonparticipation How many people refused to participate or

dropped out? Reasons?
p. 9

Setting
Setting of data collection Where was the data collected? (e.g. home, clinic

and workplace)
p. 7, 9–10, Table 2

Presence of nonparticipants Was anyone else present besides the participants
and researchers?

p. 10

Description of sample What are the important characteristics of the sam-
ple? (e.g. demographic data and date)

p. 9–10, Table 2

Data collection
Interview guide • Were questions, prompts, guides provided by

the authors? Was it pilot tested?
p. 7, Supplement 1

Continued
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shorter- and longer-term experience with exercise programs. In
addition to identifying and confirming several factors that are
key to address when considering IDE program delivery, we uti-
lized a theoretical framework that allowed us to develop action-
able solutions grounded in behavior change theory. Our
feasibility assessment tool further facilitates identifying and
addressing local barriers and improving the uptake of IDE in di-
verse settings.

Future research is needed to test the theoretical linkages be-
tween TDF-identified barriers and enablers, the mapped behavior
change techniques and proposed operationalized solutions. Our
delivery feasibility tool would likewise benefit from further testing
and validation by comparing guiding questions to synthesized lit-
erature, conducting Delphi surveys with experts and assessing cri-
terion validity by using our tool in conjunction with others (e.g.
Nurses’ Attitudes Toward Exercise in Dialysis tool [44]).

In conclusion, we identified potential evidence-based solu-
tions to address barriers and optimize enablers that will facili-
tate IDE delivery in diverse units. We also developed a delivery
feasibility tool for identifying and assessing which barriers may
be relevant to address when designing multisite trials and con-
sidering clinical program delivery of intradialytic cycling.
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