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Abstract

Background There is a dearth of research to support the treatment of people with postural tachycardia syndrome
(PoTS). Despite expert consensus suggesting exercise is recommended for this patient group, there are no ran-
domised control trials examining this rigorously. The aim was to co-create a feasibility trial protocol and a rehabilita-
tion intervention for people living with PoTS.

Methods The intervention and feasibility trial design were co-created as part of the PostUral tachycardia Syn-
drome Exercise (PULSE) study. We used the ‘three co’s framework’ of co-define, co-design and co-refine. Recruitment
included key national charities and National Health Service Trusts treating people living with PoTS in the UK. Eighteen
patient and public involvement members attended the co-define session, and 16 co-creators with a mix of expertise
attended the subsequent co-design and co-refine sessions. Seven intervention practitioners were trained in the reha-
bilitation intervention, providing feedback for further co-refinement.

Results The final co-created intervention comprises online physical activity, and lifestyle and behaviour change sup-
port sessions. It is based on functional movement activities using a patient-centred approach tailored to individual
needs. Physical activity intensity is guided by individuals'perception of effort rather than by objective measures.
Recumbent bikes are provided for home use. Patients deemed randomisation to be acceptable because research

in this area was considered important.

Conclusions An innovative approach was used to co-create the PULSE intervention and feasibility trial protocol

to meet the evidence-based and logistical needs of people living with PoTS, clinicians, service deliverers, third-sector
organisations, academics and funders. This can be used as a successful example and template for future research
internationally. People living with PoTS were recognised as experts and involved in every aspect of conceptualisation,
design and refinement. This complex rehabilitation intervention is currently being tested in a randomised feasibility
trial comparing the PULSE intervention with best-practice usual care for people living with PoTS.

Key messages regarding feasibility: This is not a feasibility study.
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Trial registration ISRCTN45323485 was registered on April 7, 2020.
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Background

Postural tachycardia syndrome (PoTS) is a clinical syn-
drome characterised by autonomic nervous system
dysfunction resulting in an abnormal cardiovascular
response to upright posture. PoTS is defined as a persis-
tent heart rate increase of > 30 beats per minute in adults
when moving from a recumbent to a standing position;
and the absence of orthostatic hypotension with associ-
ated symptoms for more than 3 months, not attribut-
able to any other cause [1]. Symptoms include, but are
not limited to, palpitations, light-headedness, pre-syn-
cope and fatigue, varying in type and intensity for each
individual [2]. PoTS can be debilitating, with persistent
orthostatic intolerance significantly impacting activi-
ties of daily living [3] and quality of life [4]. Diagnosis
and treatment pathways take longer for females than for
males even though the PoTS demographic is predomi-
nantly female [5]. The prevalence of hypermobile Ehlers-
Danlos syndrome (hEDS) and hypermobility spectrum
disorders (HSD) is high in people living with PoTS, with
55% found to have hEDS or generalised joint hypermo-
bility [6]. Further, approximately 20% have a diagnosis
of chronic fatigue syndrome/myalgic encephalomyeli-
tis (CFS/ME) [3]. The constellation of symptoms often
impacts on exercise tolerance [7] leading to inactivity,
which further exacerbates orthostatic intolerance, immo-
bility and deconditioning [8, 9].

Exercise training is considered to have one of the
strongest evidence bases among the existing treatment
for PoTS, albeit rated as a ‘moderate’ level of evidence
[1]. Expert consensus recommends>30-min non-
upright exercise every other day, with a focus on aero-
bic reconditioning to potentially alleviate symptoms,
improve quality of life and achieve remission in some
patients [1]. These recommendations are based on four
exercise training studies (total #=191) demonstrating
physiological improvement, reduced symptoms and
improved quality of life [10-13]. Two studies (n=25
[10] and 29 [13]) found that stroke volume and cardiac
output were lower in people living with PoTS compared
to healthy controls and that exercise improved this
while decreasing heart rate. One study (n=34) found
that exercise improved upright hemodynamics, renal-
adrenal responsiveness and quality of life compared to
propranolol medication [11]. An observational PoTS
registry study (n=251) across seven countries, tested
a community-based exercise and lifestyle intervention,

reporting that symptoms and psychosocial morbid-
ity improved in those completing the programme [12].
However, this study was limited by the lack of a control
group and a high attrition rate of 59%. A recent quasi-
experimental study (n="77) found improved symptoms,
cardiovascular function and quality of life with exercise
when compared to control [14]. All five studies [10—14]
were susceptible to selection bias, potentially excluding
people with more severe symptoms of PoTS. Only one
study mentions Ehlers-Danlos syndrome and only as an
exclusion criterion [10].

There are no multicentre randomised control trials
(RCT) testing exercise rehabilitation for people liv-
ing with PoTS, and no studies employing intervention
or research protocol co-development methodology.
There is a lack of good quality evidence including peo-
ple across the PoTS spectrum [15]. There is a risk that
exercise may cause PoTS symptoms to worsen in the
first 4—6 weeks before any lasting benefit is gained [16].
Therefore, cautious and well-designed clinical research
is needed to examine the effectiveness of exercise reha-
bilitation for people living with PoTS.

To ensure relevance and applicability, it is vital that
clinical research is co-produced with people who have,
or are affected by, the specific medical condition being
studied [17]. Co-production has largely been applied
in qualitative research, but there is a strong rationale
for this methodology to inform the design and imple-
mentation of interventions for testing in feasibility
RCTs [18]. However, co-production is considered to be
focused more on the implementation stage [19] and a
component within the overarching concept of co-cre-
ation [20, 21]. Co-creation as an approach facilitates
innovation with a wider range of stakeholders earlier
in the development continuum, with the initiation of
research ideas and iterative design [22, 23].

Underpinned by a participatory action research [24—
26] and design thinking approach [27, 28], this project
aimed to design and develop a complex rehabilitation
intervention and feasibility trial protocol for people liv-
ing with PoTS. This co-creation project was the first stage
of the PostUraL tachycardia Syndrome Exercise (PULSE)
study, with future stages of this research programme
aiming to investigate the feasibility of conducting a multi-
centre RCT testing the comprehensive co-created exer-
cise rehabilitation intervention for people living with
PoTS, compared to best practice usual care [29, 30].
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Overview of methods
The method was informed by the updated Medical
Research Council guidance for the design of complex
and contextual interventions that can contribute to
system change in the real world [31]. The co-creative
approach was based on the idea of developing collective
creativity [20] using accessible methods to explore, com-
municate, reflect and document [32]. The co-creation
methodology was underpinned by the three Co’s frame-
work of co-define, co-design and co-refine (detailed
in Fig. 1 and through the overarching structure of the
methods and results sections) [23]. The co-define stage
examines needs, strengths and resources; the co-design
stage identifies and prioritises problems and formulates
solutions for co-production; and the co-refine stage is
the iterative and co-evaluative development from pro-
totype to output with considerations of sustainability,
dissemination and demonstrable change [23]. Guidance
was used for reporting feasibility development [33] and
maximising the use of qualitative approaches by embrac-
ing the iterative and dynamic nature of intervention
development [34]. Detail relating to the template for
intervention description and replication (TIDieR) [35],
and the Consensus on Exercise Reporting Template
(CERT) [36] is provided in the published protocols [29,
30]. This co-creation process adds novelty to that infor-
mation by providing the underpinning reasons as to
why and how decisions were made. The development of
intervention components was guided by the overarching
PRISMS (Practical Reviews In Self-Management Sup-
port) Taxonomy of Self-Management Support (detailed
in the results of the co-define and co-refine sections)
[37, 38]. Where behaviour change was relevant to a par-
ticular component, active ingredients were categorised
using the Behaviour Change Techniques taxonomy [39]
underpinned by the Capability Opportunity Motivation—
Behaviour (COM-B) model [40] (detailed in the co-refine
section).

Patient and public involvement (PPI) was of critical
importance throughout the whole process of the feasibil-
ity trial protocol and intervention development, starting
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before the grant funding application was submitted, and
continuing with PPI co-applicants on the grant fund-
ing application, in the co-creation workshops, and as
part of the core trial management group. PPI members
from these different activities were involved in deci-
sion making, proof-reading of the funding application
and study documents, and authorship of this paper. This
included decisions made about research questions, pri-
orities, outcome measures, inclusion criteria, recruit-
ment, and participant burden. People living with PoTS
across the spectrum of symptoms and severity were
invited throughout, including people with related con-
ditions, such as hEDS/HSD and CFS/ME. The methods
and results of the iterative process are described in order
throughout this section, and Additional file 1 summarises
feedback and responses received during the development
process.

Co-define: Patient and public involvement (PPI)
teleconference

Methods

To inform the grant application, two PPI focus groups,
recruited publicly through social media, were carried out
funded by a West Midlands Research Design Service PPI
Grant. Focus groups took place via teleconference with
a total of 18 adults with PoTS and those who support
them, such as partners or parents. Teleconference was
requested by PPI members to allow the inclusion of peo-
ple living with PoTS across the UK, including those who
were bedbound and/or struggled to travel. People who
were unable to attend or had additional comments after
the focus group were invited to feedback by email. Dis-
cussions addressed issues relating to the research need,
appropriate exercise, barriers to being active, terminol-
ogy, recruitment, inclusion/exclusion, randomisation,
outcomes, and the relevant components and delivery of
self-management support interventions underpinned by
the PRISMS Taxonomy of Self-Management Support [38,
37]. Two members of this group also provided feedback
on the written research grant funding application and

Co-define | | Co-design | | Co-refine |
Patientand
Public Workshop to Workshop to Workshop'to Manus) . PULSE
: . further refine development interventionand
Involvement co-design co-refine ; i3 s ;
: : : : in response and staff feasibility trial
of grant intervention intervention 5
s . to COVID-19 training protocol

application

Fig. 1 Overview of the development process for the feasibility trial protocol and intervention
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became members of the trial management group after
funding was secured from the British Heart Foundation.

Results

Overall, the research topic was seen to be an important
area of study but there was a key concern around using
the language of ‘exercise’ and avoiding vigorous levels of
activity. In response to this, the term ‘physical activity’
will be used in this publication in preference to ‘exercise’
The PPI members suggested that the focus should be on
functional movement-based activities with slow progres-
sion, addressing lifestyle and behaviour change using
a patient-centred approach tailored to people’s needs.
PPI members felt happy for physical activity sessions to
be delivered in a supervised rehabilitation centre first
prior to participants learning to continue independently.
Recumbent physical activity was preferred to minimise
the impact of orthostatic intolerance. Although swim-
ming is often used in clinical rehabilitation programmes
due to lower weight-bearing demands, caution was
advised for people living with PoTS because of the poten-
tial for exacerbation of symptoms resulting from heat and
humidity, and the rapid transition back to weight-bearing
activity after swimming.

It was important to our PPI groups that physical activ-
ity be sustainable and ultimately manageable within daily
routines. Pacing and other psychological techniques to
help the maintenance of the behaviour were viewed as
important alongside the physical activity intervention.
Care was advised in the application of psychological sup-
port techniques as people living with PoTS are often told
incorrectly that ‘it is all in their head’ [41]. Engaging in
physical activity in a specialised cardiac rehabilitation
setting was viewed as a positive because this could avoid
the potential embarrassment of experiencing symptoms
in ‘normal’ exercise environments, such as near syncope
or collapse, and trained professionals would supervise
the sessions. Cardiac rehabilitation centres, however, are
often associated with use by older adults, whilst people
living with PoTS indicated a preference for dedicated ses-
sions for younger people. PPI members were concerned
about the potential lack of knowledge among rehabilita-
tion professionals in relation to comorbidities such as
hEDS/HSD and CES/ME where inappropriate support
can exacerbate symptoms. It was agreed that practition-
ers would benefit from specialist training in these areas.

The PPI group confirmed they would accept randomi-
sation in a trial, even though this would mean they may
not receive the intervention, because it was felt that the
research was important and necessary. The outcome
measures considered to be important in a PoT'S trial were
PoTS symptoms, activities of daily living, and heart rate.
The PPI group agreed from the discussions that the main
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components of the PULSE intervention from the PRISMS
Taxonomy of Self-Management Support [38, 37] were
‘lifestyle advice and support’ related to physical activity;
‘social support’ through peer physical activity, lifestyle
and behaviour change support sessions; and ‘training/
rehearsal for psychological strategies’ supporting physical
activity engagement. The PPI members’ preferred deliv-
ery model was a mixture of group and one-to-one ses-
sions supervised by healthcare professionals who listened
to people living with PoTS and understood the everyday
challenges faced.

Co-design: Face to face workshop

Methods

The British Heart Foundation grant included funding for
the co-design, co-production and co-refinement of the
intervention and feasibility trial protocol with a range of
key stakeholders. The co-design phase aimed to engage
PoTS stakeholders (co-creators): a total of 16 people par-
ticipated alongside three facilitators. Expertise amongst
the co-creators included people living with PoTS, clini-
cal exercise physiologists, academics/researchers, health
psychologists, nurses, charity representatives, healthcare
professionals delivering PoTS care in National Health
Service (NHS) Trusts (West Midlands, London), a physi-
otherapist, a patient services coordinator and a clinical
trial coordinator (with some co-creators offering multiple
expertise, such as a researcher with PoTS and a cardiac
advanced nurse practitioner with PoTS). Facilitators were
designers, project managers and experts in co-creation
facilitation. The workshop was held in the neutral space
of a sport’s ground conference centre to facilitate an envi-
ronment of equal voice and reduce feelings of hierarchy
that academic or hospital settings can provide [23]. The
facilitators’ task was to maintain momentum, manage
group tasks and support discussion, prioritising equal
voice amongst co-creators, and not to act with power as
leaders of the session.

The co-design workshop began with introductions,
rules of engagement, and an ice-breaker activity. The
goals of the project, limitations and objectives of the pro-
ject were explained. The next activity used the co-crea-
tive CUbe tool (Coventry University CUbe) [42-44] to
explore concerns raised in the co-define PPI sessions. Co-
creators were split into groups, with each group focusing
on a specific concern (worries about the intervention,
words or language that might put people off participat-
ing in the feasibility study, etc.). Each group was provided
with a cardboard CUbe on which they could write their
thoughts and feelings regarding the intervention. At the
end of the activity, each group fed back to the room to
enable wider discussion.
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Subsequently, the focus of the workshop moved
towards the design of specific aspects of the intervention
using the Carousel method [45]. The co-creation team
was presented with an outline of the ‘prototype’ PULSE
intervention and research protocol, fixed to the wall on
large paper. Each aspect of the research protocol and
intervention (research participant recruitment, interven-
tion, outcome measures) was presented and explained by
the facilitators. Co-creators were split into three groups,
with each group asked to work on a different aspect of
the research and intervention. Questions to guide the co-
creators’ thoughts were included on the wall alongside
the displayed intervention plans. The co-creation team
was provided with pens, ‘post-it’ notes and stickers on
which to write their thoughts and affix to the wall. Facili-
tators worked with the groups to ensure that the task was
understood and to provide prompts if required. After
15 min, the groups were asked to stop and move on to
the next aspect of the intervention to ensure that every
co-creator had a chance to impact upon the research pro-
tocol and intervention. At the end of the task, a facilitator
summarised the comments and feedback.

Results

A full list of the changes made to the draft intervention
and research protocol is presented in Additional file 1.
Regarding recruitment to a feasibility trial, it was sug-
gested that participants could be identified from local
secondary care records and specialist PoTS clinics. Co-
creators further identified that recruitment could be
supported via charities, social media and private physi-
otherapy practices. In terms of inclusion and exclusion
criteria for a trial, co-creators discussed that those also
diagnosed with hREDS/HSD (or an older similar version of
these syndromic hypermobility diagnoses) and CFS/ME
should be included, but those with mitochondrial disease
should be excluded. The original draft of the interven-
tion suggested that those with mental health issues may
be excluded as this could prevent engagement with trial
procedures. However, co-creators questioned if this was
appropriate and argued that the exclusion criteria for
mental health needed to be better defined as many condi-
tions would not necessarily preclude engagement. Inter-
vention staff would need to be trained by specialists to
individualise physical activity sessions to accommodate
symptoms, severity and comorbidities as required.

With regard to the intervention itself, co-creators
suggested that two to three sessions of physical activity
per week would be daunting, so proposed that this be
reduced, or tailored specifically to the individual. Co-
creators stressed that it was important to have the same
practitioner delivering the intervention throughout.
There was discussion as to whether heart rate and blood
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pressure should be measured throughout the interven-
tion—PoTS patients preferred to judge progress sub-
jectively by how they were feeling overall, rather than
objectively with heart rate and blood pressure. Psycho-
social support sessions were agreed to be important;
however, it was decided to refer to these as ‘lifestyle and
behaviour change support sessions’ to avoid the partici-
pants’ concern that PoTS symptoms may be perceived to
be ‘all in their head’ [41]. Online and home-based physi-
cal activity sessions were suggested to allow flexibility.
However, because the funding was for an in-person and
on-site intervention, it was agreed that this should be
the focus of the initial feasibility trial, with the idea that
online tools could be developed to compliment the inter-
vention at a later stage.

For the outcome measures, it was suggested that too
many were proposed (Orthostatic Hypotension Ques-
tionnaire, EQ-5D-5L, Fatigue Impact Scale, Short Physi-
cal Performance Battery, symptoms experienced during
physical activity, adverse events). Patients stated that a
large number of questionnaires was not advisable with
the potential for ‘brain-fog’ symptoms in PoTS, which
could lead to incomplete data collection. PoTS patients
were keen to avoid the use of the ‘tilt table test’ as a physi-
cal outcome measure, as this was often a very uncom-
fortable and distressing procedure. Informed by these
results, a draft feasibility trial protocol and rehabilitation
intervention were co-produced for refinement in the next
workshop.

Co-refine 1: Online workshop

Methods

Co-creators from the first workshop (n=11 and four
facilitators) were invited to take part in a second work-
shop hosted online, to co-refine the draft co-produced
intervention and trial protocol before finalisation. ‘Big
Blue Button’ software was used to present slides in a
semi-structured framework summarising the trial and
intervention plan. Co-creators could directly interact and
annotate the slides live, write thoughts in the chat box
or say what they thought as part of a focus group-style
discussion. This started with an icebreaker to familiarise
co-creators with the technology by asking them to put
a pin on a map and say where they were joining from.
Co-creators were then asked to comment on inclusion
and exclusion criteria, feasibility outcome measures, the
intervention itself and the language used to describe the
intervention.

Results

Broadly, co-creators agreed with the inclusion and exclu-
sion criteria for the trial. It was agreed that people expe-
riencing chronic fatigue should be included, as long as
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fatigue was carefully monitored and managed during the
trial, with particular attention to identifying and avoiding
post-exertional malaise [46]. It was also confirmed that
being a wheelchair user would not exclude someone from
participating, as they would still be able to take part in
the physical activity intervention, designed to be flexible
and adapted to individual needs. Feasibility outcomes
were agreed, for example the number of participants
recruited, willingness of clinicians to support recruit-
ment, and adherence to the intervention.

With regard to the intervention itself, there was fur-
ther discussion about whether people living with PoTS
would be happy to attend existing gym-based physi-
cal activity groups (for example, cardiac rehabilitation
groups). Views were mixed, with some co-creators think-
ing that this would be acceptable if the other members of
the group also had a long-term condition. Participants
were to be informed if the groups were to be mixed-sex.
However, others felt that ensuring there were other peo-
ple with a PoTS diagnosis in the group would increase
acceptability and thus adherence to the trial. The physi-
cal activity intervention is described in more detail else-
where [29]. Briefly, physical activity will be undertaken in
a controlled gym environment with progression staged
in response to participant tolerance and symptoms.
Moderate-intensity dynamic cardiovascular exercise will
be prescribed depending upon ability. In addition, ‘func-
tional fitness training’ should aim to improve orthostatic
tolerance and general musculoskeletal deconditioning.
Physical activity should be versatile and individualised,
incorporating cardiovascular and functional resistance
training components.

With regard to physical outcome assessments, there
was concern that the inclusion of the ‘active stand’ test
may be off-putting. However, it was also argued that
being unable to complete the test due to anxiety, symp-
tom severity or physical fitness levels would be a meas-
urement in itself. Following this co-refinement session,
the feasibility trial protocol was finalised for submission
to NHS and Coventry University ethical approval pro-
cesses (changes to the protocol and intervention from
this stage are summarised in Additional file 1) and pub-
lished [29].

Co-refine 2: online workshop in response to COVID-19
guidelines

Methods

The COVID-19 pandemic, which instigated restric-
tions on movement and ‘social mixing’ in the UK inter-
mittently throughout 2020 and 2021, meant that the
intervention as originally funded and co-designed, with
in-person, centre-based delivery, was no longer possi-
ble. To address this issue, an additional online co-refine
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session was conducted to discuss the adaptation of the
original intervention and trial protocol [29] to adhere to
COVID-19 guidelines. In total 11 co-creators took part,
alongside 4 facilitators. This used the same Big Blue But-
ton as the previous online workshop and started with
an icebreaker asking co-creators to annotate pictures of
activities that they may have done during the COVID-19
lockdown. Then, a redesigned live online trial protocol
was proposed and developed based on discussions from
previous co-design sessions.

Results

During this second co-refine session, it was agreed to
deliver the PULSE intervention as a structured home-
based physical activity programme (published as an
updated protocol) [30]. Briefly, the programme will be
supported by a participant manual and pre-recorded
online content. The participants will use functional
(weight/chair-based, including exercise ball and band)
activities and equipment (recumbent bike) and attend
supervised live online group sessions. Online videos were
added to the intervention providing asynchronous physi-
cal activity guidance to participants. This included low-,
medium- and high-intensity sessions with accommoda-
tions for participants with lower mobility or functional
capacity covering a spectrum of symptoms, severity and
comorbidities, including hEDS/HSD and CFS/ME. Ethi-
cal approval was granted for the revisions and a summary
of the agreed changes can be found in Additional file 1.

Co-refine 3: Manual development, intervention staff
training and feedback

Methods: manual development

By consolidating all the data gathered from the previous
workshops, the physical activity and psychosocial inter-
vention components were mapped [47, 48] alongside the
PRISMS Taxonomy of Self-Management Support [37,
38], behaviour change theory and the Behaviour Change
Techniques taxonomy [39, 49] to develop a fully manu-
alised intervention (Table 1). The overarching theories
used to inform the development of the intervention were
behaviour change theory (COM-B) [40], social learn-
ing [50] and group-based learning [51]. Practitioner and
participant workbooks were developed as a guide and a
comprehensive tool to consolidate learning. These were
based on manuals from other rehabilitation trials [46—48]
and circulated to the wider intervention team to incorpo-
rate feedback on content and layout.

Results: manual development

In addition to the original three identified PRISMS tax-
onomy components following the PPI co-define activi-
ties (‘lifestyle advice and support, ‘social support’ and
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‘training/rehearsal for psychological strategies’), two
additional taxonomy components were included in the
intervention: ‘provision of equipment’ and ‘practical Sup-
port with adherence (behavioural)’) [37, 38]. It is also
worth noting that as part of the feasibility trial protocol,
participants could make contact if they had a question or
concern arising from their participation in the interven-
tion. This, in itself, may provide interventional benefits in
relation to the ‘provision of easy access to advice or sup-
port when needed’ component, even though not officially
part of the intervention.

Group sessions were designed to promote connection
and are particularly important to help with social support
for anyone feeling isolated or stigmatised by living with
PoTS [52]. Group learning and support promote learning
through shared experiences and modeling of behaviour
(adapting coping strategies to enhance wellbeing). Self-
efficacy and confidence can also be enhanced through
observing others, following instruction or demonstration
that was incorporated into the PULSE intervention.

The COM-B [40] mapped three core principles of the
intervention: capability, opportunity and motivation. To
enhance participants perceived capability (psychological
and physical), lifestyle and behaviour change support ses-
sions were designed to enhance understanding of PoTS
and physical activity in relation to cognitions (unhelpful
thinking), mood and emotions, such as fear avoidance of
physical activity. The aim was to integrate physical activ-
ity sessions with the lifestyle and behaviour change sup-
port sessions to increase confidence and skills through
supervised practice and over time increase levels of phys-
ical activity.

To address factors associated with opportunity, the
intervention was designed to allow access to resources
such as a workbook with information about the inter-
vention structure, aims and content of all sessions, and
access to equipment if needed. In addition, the lifestyle
and behaviour change support sessions were designed to
explore social norms, as co-creators described living with
PoTS as isolating and were acutely aware of the lack of
understanding from some of those around them, often
including family, friends and clinicians.

To improve motivation, the lifestyle and behaviour
change support sessions included case studies and dis-
cussion topics exploring beliefs around PoTS and physi-
cal activity management strategies, values, goals, sense
of self-identity and perceived ability to engage in the pro-
gramme and beyond, whilst gaining awareness of current
barriers and facilitators that may be preventing behav-
iour change such as fear, stress and anxiety (worry about
the future). The biopsychosocial influences of living with
PoTS allowed us to address the physical, emotional and
cognitive factors identified in the literature and through
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our co-creation work. This is demonstrated in a logic
model (Fig. 2).

Feedback from the intervention team included ensur-
ing the integration between the physical activity, and
lifestyle and behaviour change support session topics
was clear by incorporating information linking the dif-
ferent topics, especially relating to the impact of PoTS on
daily living. For the practitioner workbook, feedback was
to include questions that directed the conversation with
specific cues around the topic area, because each section
had a limited time, and having too many generic ques-
tions could be difficult to manage during the sessions.

Methods: intervention staff training and feedback

Training sessions were held face-to-face at Coventry
University and online with seven clinical exercise physi-
ologists trained to be PULSE intervention practitioners.
Training covered PoTS (clinical presentation, symptoms
and impact), physical activity assessment and prescrip-
tion, motivational interviewing and communication
skills. Competencies required to deliver the intervention
included the ability to recognise and support the man-
agement of PoTS symptoms with communication and
reassurance. Post-pandemic, each intervention facilita-
tor was given additional training online on the adapted
manual and workbook.

Results: intervention staff training and feedback

Feedback from training included (1) more practice was
required to feel confident in delivering the lifestyle and
behaviour change support sessions; (2) to incorporate
fear avoidance early on in the programme to allow par-
ticipants time to adapt their thinking, action their goals
and encourage engagement with the physical activity ses-
sions; (3) to simplify the thought diary to capture unhelp-
ful thoughts; and (4) to add in case studies where possible
to allow exploration of the topic.

Final PULSE intervention for feasibility testing

The final PULSE intervention consists of (1) an online 1:1
consultation with a PULSE practitioner, (2) 12 weeks of
supervised live online group physical activity, (3) six facil-
itated live online group lifestyle and behaviour change
support sessions, (4) on-demand library of physical activ-
ity sessions, (5) recumbent exercise bike at home, (6)
weekly online 1:1 check-in and (7) participant workbook
(Fig. 3).

Quality assurance

Quality assurance of delivery of the PULSE intervention
will be assessed through observations by a Health Psy-
chologist, with feedback given to each practitioner. Qual-
ity assurance will assess delivery as well as adherence
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PULSE Intervention (12-week programme; 1 x group physical activity session led by pulse practitioner, 2 x individual home-based physical
activity session, all integrated with six weekly group support sessions)

Exercise: Structured,
home-based, online,
remotely supervised
(live and pre-
recorded), group-
based physical
activity, functional
(body weight, chair-
based or floor-based),
home recumbent

Living with pots:
Bio-psycho-social
influences

Fatigue, pre-syncope,
generalised weakness
and deconditioning, »
fear avoidance of

One to one
assessment, setting
expectations,
reassurance

Movement and mobility, stamina, muscular
strength, autonomic control, cardiorespiratory
fitness, flexibility, agility, co-ordination, balance,
proprioception

Key outcomes

activity and lack of
confidence, cognitive
functioning, unhelpful
thoughts, anxiety,
stress low mood, social
isolation

Practitioner

factors/Intervention
delivery

Competencies:
Knowledge and skills

Motivational
Interviewing

Attitudes and beliefs

Training and
monitoring

exercise bike, gym
ball, resistance bands,
weekly check-in

Group support
sessions:

Goal setting,
motivation,

Fear avoidance, pacing
and establishing a
routine
Understanding and
managing stress
Management of
emotions (mood)
Feedback: managing
setbacks

Future planning,
sharing tips and

Exercise
Mec_hanism of capacity,
behaviour change symptom autonomic
Engagement with Management function, hea!th-
PULSE intervention, And related quality
and monitoring » n of life, fétlgUE,
Behavioural self-efficacy
Education and o
Lo . Activation
learning, interactive ‘ N
group sessions, case Trial S@FIfICi
studies Feasibility/
Acceptability,
Safety/adverse
events,

»)

Self-efficacy, self-regulation, feeling believed,
confidence, communication and relationship
with practitioner/family/peers, knowledge skill
enhancement, group cohesion and group
formation, social support

Adherence to
intervention

I 7/ N 1

strategies

Fig. 2 PULSE logic model

to the practitioner manual, structure and topics. Dur-
ing the PULSE intervention training, practitioners were
informed that the manual was a guide and that there was
some flexibility, but the aim should be to deliver all the
content and cover all the topics.

Discussion

We co-created a complex, theory-based and multicom-
ponent intervention incorporating physical activity,
lifestyle and behavioural support for people living with
PoTS, to be tested within a randomised feasibility trial.
This innovative, transparent and systematic approach
showcases best practices as a successful example of how
to fully apply iterative and person-centred co-creative
processes to optimise intervention and feasibility trial
protocol development. PPI was engaged throughout the
development process alongside other key stakeholders,
as part of the decision-making core team and co-creation
activities. This study provides a success story of overcom-
ing key barriers to PPI addressing the current interna-
tional vision for research for 2025 [53]. Public awareness
and communication were increased through the pub-
lic research engagement hub of hEDS together’ (www.
hEDStogether.com) and the related charities of PoTS UK
and Syncope Trust And Reflex Anoxic Seizures (STARS).
Resources and PPI payment were secured through the

West Midlands Research Design Service PPI fund and the
British Heart Foundation grant was written specifically to
include the iterative processes of co-creating the inter-
vention and feasibility protocol. Recognition included
acknowledgment on the PULSE (www.pulse-project.
coventry.ac.uk) and hEDS Together websites throughout
the project where consent was given and invitation to co-
author publications. Consistency was enhanced by using
the three co’s framework of co-creation [23], and leader-
ship of the PPI was by a researcher with PoTS and expe-
rience of being a PPI member for other research (GP),
working alongside a multidisciplinary team.

There has been concern over the potential for physi-
cal activity interventions to cause harm for populations
impacted by chronic fatigue [46], so it was especially
important that from the outset this intervention and
protocol were developed with and for people living
with PoTS. PoTS is thought to be an underdiagnosed
condition and people living with PoTS often report
not feeling listened to by healthcare professionals [8].
It was a priority to ensure that this group was recog-
nised as experts in their condition and that their voices
were considered as equal, if not more important, than
other team members. An area where our PPI reported
a difference to some current literature [54] was in rela-
tion to swimming as an advisable physical activity for
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§ Online 1:1 consultation
~ 30-60 mins.
(=Y
Supervised live online
group physical activity
1 x week, 45-60 mins.
Facilitated live online
group support
1 x week, 1 hour
g H
g On-demand library of
: physical activity sessions
| 1-2 x week, 30 mins.
= T
N !

Recumbent exercise
bike at home
1-2 x week, 30 mins.

Online 1:1 check-in

1 x week, 15 mins.

Participant workbook

Fig. 3 Final format and components of the ‘PostUral orthostatic
tachycardia Syndrome Exercise’ (PULSE) intervention. Note: The
timings provided in Fig. 3 are aims for the participants but may

not be feasible to achieve initially. The level and time will therefore be
tailored to their needs during intervention delivery

people living with PoTS. While this might be suitable
for some, our PPI group was more cautious of the after-
effects of swimming. This study was more than PPI,
using a broader co-creative approach from project initi-
ation with a range of stakeholders as co-creators work-
ing together. Co-creative approaches can help to align
research, service development and clinical commission-
ing, therefore increasing the impact of research findings
[20]. With human experience at the core, considering
the whole system and it’s interrelationships within a
co-creative approach helps to ensure that conflict and
power were utilised positively [20]. Using the three
co’s framework of co-creation [23] allowed an in-depth
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examination of living with PoTS and ensured a range of
important voices were engaged in the decision-making
processes throughout conception, design and refine-
ment of the research. Involving people with a range of
expertise, context and experience enables potential bar-
riers to be overcome during the process and increases
the chance of success and impact [23]. This co-creation
framework is recommended for use in future interven-
tion or service development where co-production and
PPI principles should underpin this process. People liv-
ing with PoTS involved in the co-creation of the PULSE
trial and intervention, presented with a range of symp-
tom severity, from those who were bedbound to those
who were able to do physical activity in their daily lives.
Research in PoTS is currently limited and would benefit
from the inclusion of a wider range of ethnicities, gen-
ders and cultures. The next step of this programme of
research is to use a mixed methods approach to test the
feasibility of conducting a randomised controlled trial
comparing the PULSE intervention with best-practice
usual care for people living with POTS. This will be the
first PoTS intervention to have been co-created, explic-
itly based in the UK, and tailored to include people
with a range of symptom severity and comorbidities.

Abbreviations

CERT Consensus on Exercise Reporting Template
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UK United Kingdom

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/540814-023-01365-4.

Additional file 1. Feedback and responses throughout the development
process of the feasibility trial protocol and intervention.

Acknowledgements

The authors would like to thank our patient partners and all the stakeholders
who took part in the co-creation of the PULSE intervention and trial protocol.
We would also like to thank the study implementation, management and
support teams at University Hospitals Coventry and Warwickshire (UHCW)
NHS Trust and Coventry University (CU), with special thanks to Shivam Joshi
(Trial Manager, UHCW) and Gita Devi (Research Delivery Support Partner, CU).
We would like to specifically acknowledge Tim Ablett as a PPI collaborator

on the grant application and co-creators Hayley Kelly (PPl member), Trudie
Lobban (Syncope Trust And Reflex Anoxic Seizures (STARS: Founder and CEO)
and Arrhythmia Alliance), Melloney Ferrar (Syncope and POTS Nurse Specialist,
Sheffield Teaching Hospitals Foundation Trust), Nigel Harris (Senior Physical
Activity Specialist, Imperial College Healthcare NHS Trust), Rachael Harris


https://doi.org/10.1186/s40814-023-01365-4
https://doi.org/10.1186/s40814-023-01365-4

Pearce et al. Pilot and Feasibility Studies (2023) 9:143

(previous Patient Services Coordinator, STARS) and Joanne Bullingham (Charity
Administrator, PoTS UK).

Authors’ contributions

GP, NH, HS, HE, JB, LA, LK, JS and GM made substantial contributions to the
conception of the work (co-define). GM is the principal investigator for the
PULSE project leading the feasibility trial protocol development, GP led the
PPI, GP and NH led the co-creation, and GM and HS led the intervention
development. GP,NH, HS, HE, ET, LA, JS, RE, PM, SK and GM made a substantial
contribution to the co-design of the work. All authors made a substantial con-
tribution to the co-refine of the work. GP, NH, HS, GM and HE made substantial
contributions to the further analysis and interpretation of the data. GP led the
writing of the manuscript, with substantial original contributions from NH, HS
and GM. Substantial revisions and critical feedback on the manuscript were
provided by HE, JB, ET, LA, LK, JS, RE, PM, RP and SK covering a range of exper-
tise and multidiscipline approaches to improve the manuscript. The authors
approved the submitted version of the manuscript.

Funding

This study is funded by a British Heart Foundation (BHF) Project Grant: PG/
19/22/34203. The views expressed are those of the authors and not neces-
sarily those of the BHF. The PPI co-define activity for the grant application

was funded by the West Midlands Research Design Service PPl Grant. JB is
supported by National Institute for Health Research (NIHR) Research Capability
Funding via UHCW NHS Trust.

Availability of data and materials
The data analysed during the current study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was received via the Integrated Research Application System
(266145) and the East Midlands, Nottingham Research Ethics Committee
(20/EM/0077) and Health Research Authority on 3 April 2020. Each study site
will confirm the local NHS Trust Research & Development (R&D) department
capacity and capability prior to commencing recruitment. All participants will
provide written informed consent before participating in the study. UHCW
NHS Trust and Coventry University are co-sponsors for the trial. The trial will be
conducted in accordance with the declaration of Helsinki.

Consent for publication
This was sought from all PPl and co-creators.

Competing interests

GP,NH, HE, JB, ET, LA, JS, RE, PM, RP and SK declare that they have no compet-
ing interests.

HS is the director of Health Psychology Services Ltd., providing psychological
services for a range of health-related conditions.

LK'is the Trustee and chair of PoTS UK. She has received funds from NHSE,
Medtronic, Cogora and Badger to deliver educational events, talks and materi-
als about PoTS and syncope.

GM is a director of Atrium Health Ltd., a provider of rehabilitation services for
the National Health Service.

Author details

!Coventry University, Coventry, UK. 2University of Warwick, Coventry, UK. *Uni-
versity Hospitals Coventry and Warwickshire NHS Trust, Coventry, UK. “Patient
and Public Involvement, Coventry University, Coventry, UK. *Oxford University
Hospital NHS Foundation Trust, Oxford, UK. °PoTS UK, Wootton Wawen, UK.
’University College London, London, UK. 8Physioklinic, Kilcoole, Ireland.

Received: 1 March 2023 Accepted: 15 July 2023
Published online: 15 August 2023

Page 13 of 14

References

1. Raj SR, Guzman JC, Harvey P, Richer L, Schondorf R, Seifer C, et al. Cana-
dian cardiovascular society position statement on postural orthostatic
tachycardia syndrome (POTS) and related disorders of chronic orthostatic
intolerance. Can J Cardiol. 2020;36(3):357-72.

2. Sheldon RS, Grubb BP II, Olshansky B, Shen W, Calkins H, Brignole M, et al.
2015 heart rhythm society expert consensus statement on the diagnosis
and treatment of postural tachycardia syndrome, inappropriate sinus
tachycardia, and vasovagal syncope. Heart Rhythm. 2015;12(6):41.

3. McDonald C, Koshi S, Busner L, Kavi L, Newton JL. Postural tachycardia
syndrome is associated with significant symptoms and functional impair-
ment predominantly affecting young women: a UK perspective. BMJ
Open. 2014;4(6):004127.

4. Benrud-Larson L, Dewar MS, Sandroni P, Rummans TA, Haythornthwaite
JA, Low PA. Quiality of life in patients with postural tachycardia syndrome.
Mayo Clin Proc. 2002;77(6):531-7.

5. Bourne KM, Hall J, Stiles LE, Sheldon RS, Shibao CA, Okamoto LE, et al.
Symptom presentation and access to medical care in patients with pos-
tural orthostatic tachycardia syndrome: role of sex. CJC Open. 2021;3(12
Suppl):S44-52.

6. Miller AJ, Stiles LE, Sheehan T, Bascom R, Levy HP, Francomano CA, et al.
Prevalence of hypermobile Ehlers-Danlos syndrome in postural orthos-
tatic tachycardia syndrome. Auton Neurosci. 2020,224:102637.

7. Karas B, Grubb BP, Boehm K, Kip K. The postural orthostatic tachycardia
syndrome: a potentially treatable cause of chronic fatigue, exercise intol-
erance, and cognitive impairment in adolescents. Pacing Clin Electro-
physiol. 2000;23(3):344-51.

8. Raj SR. Postural tachycardia syndrome (POTS). Circulation.
2013;127(23):2336-42.

9. Wells R, Spurrier AJ, Linz D, Gallagher C, Mahajan R, Sanders P, et al. Pos-
tural tachycardia syndrome: current perspectives. Vasc Health Risk Manag.
2017,29(14):1-11.

10. Fu Q Vangundy TB, Galbreath MM, Shibata S, Jain M, Hastings JL, et al.
Cardiac origins of the postural orthostatic tachycardia syndrome. J Am
Coll Cardiol. 2010;55(25):2858-68.

11. FuQ,Vangundy TB, Shibata S, Auchus RJ, Williams GH, Levine BD. Exercise
training versus propranolol in the treatment of the postural orthostatic
tachycardia syndrome. Hypertension. 2011;58(2):167-75.

12. George SA, Bivens TB, Howden EJ, Saleem Y, Galbreath MM, Hendrickson
D, et al. The international POTS registry: evaluating the efficacy of an
exercise training intervention in a community setting. Heart Rhythm.
2016;13(4):943-50.

13. Shibata S, Fu Q, Bivens TB, Hastings JL, Wang W, Levine BD. Short-
term exercise training improves the cardiovascular response to
exercise in the postural orthostatic tachycardia syndrome. J Physiol.
2012;590(15):3495-505.

14. Gibbons CH, Silva G, Freeman R. Cardiovascular exercise as a treatment of
postural orthostatic tachycardia syndrome: a pragmatic treatment trial.
Heart Rhythm. 2021;18(8):1361-8.

15. Eftekhari H, Maddock H, Pearce G, Raza S, Kavi L, Lim PB, et al. Under-
standing the future research needs in postural orthostatic tachycardia
syndrome (POTS): evidence mapping the POTS adult literature. Auton
Neurosci. 2021;233:102808.

16. Fu Q, Levine BD. Exercise and non-pharmacological treatment of POTS.
Auton Neurosci. 2018;215:20-7.

17. NIHR INVOLVE. Guidance on co-producing a research project. 2019.

18  Goldsmith LP, Morshead R, McWilliam C, Forbes G, Ussher M, Simpson
A, et al. Co-producing randomized controlled trials: how do we work
together? Front Sociol. 2019;4:21.

19. Voorberg WH, Bekkers VJJM, Tummers LG. A systematic review of co-
creation and co-production: embarking on the social innovation journey.
Public Manag Rev. 2015;17(9):1333-57.

20. Sanders EBN, Stappers PJ. Co-creation and the new landscapes of design.
CoDesign. 2008;4(1):5-18.

21. Darlington E, Masson J. What does co-creation mean? An attempt at
definition informed by the perspectives of school health promoters in
France. Health Educ J. 2021;80(6):746-58.



Pearce et al. Pilot and Feasibility Studies (2023) 9:143

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42

43.

Torfing J, Serensen E, Reiseland A. Transforming the public sector into an
arena for co-creation: barriers, drivers, benefits, and ways forward. Adm
Soc. 2019;51(5):795-825.

Pearce G. on behalf of the CoCreating Welfare Team. CoCreating Welfare:
What co-creation is and how it can be done in practice using a transna-
tionally relevant toolkit. Coventry: UK Co-creation Summit; 2019. https://
www.youtube.com/watch?v=dE2Ub6PfauQ.

Lewin K. Action research and minority problems. J Soc Iss.
1946;2(4):34-46.

Baum F, MacDougall C, Smith D. Participatory action research. J Epidemiol
Community Health. 2006;60(10):854~7.

Chevalier J, Buckles D. Participatory action research: theory and methods
for engaged inquiry. 2nd ed. London: Routledge; 2019.

Arnold JE. Problem solving—A creative approach. National Defense
University, September 7, 1956, Publication No. L57-20, Washington, D.C.:
Industrial College of the Armed Forces. Available: http://digitalndulibrary.
ndu.edu/cdm/ref/collection/icafarchive/id/28262.

Jarrett C, Baxter YC, Boch J, Carrasco C, Cobos Murioz D, Mauro Dib K,

et al. Deconstructing design thinking as a tool for the implementation of
a population health initiative. Health Res Policy and Syst. 2022;20(1):91.
McGregor G, Hee SW, Eftekhari H, Holliday N, Pearce G, Sandhu H, et al.
Protocol for a randomised controlled feasibility trial of exercise rehabilita-
tion for people with postural tachycardia syndrome: the PULSE study.
Pilot Feasibility Stud. 2020;6(1):157.

McGregor G, Evans B, Sandhu H, Simmonds J, Joshi S, Devi G, et al.
Protocol update for a randomised controlled feasibility trial of exercise
rehabilitation for people with postural tachycardia syndrome: the PULSE
study. Pilot Feasibility Stud. 2022;8(1):101.

Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et al.
A new framework for developing and evaluating complex interventions:
update of Medical Research Council guidance. BMJ. 2021;374:n2061.
Langley J, Wolstenholme D, Cooke J.'Collective making'as knowledge
mobilisation: the contribution of participatory design in the co-creation
of knowledge in healthcare. BMC Health Serv Res. 2018;18(1):585.
Lancaster GA, Thabane L. Guidelines for reporting non-randomised pilot
and feasibility studies. Pilot Feasibility Stud. 2019;5(1):114.

O'Cathain A, Hoddinott P, Lewin S, Thomas KJ, Young B, Adamson J, et al.
Maximising the impact of qualitative research in feasibility studies for
randomised controlled trials: guidance for researchers. Pilot Feasibility
Stud. 2015;1(1):32.

Hoffmann TC, Glasziou PP, Boutron |, Milne R, Perera R, Moher D, et al. Bet-
ter reporting of interventions: template for intervention description and
replication (TIDieR) checklist and guide. BMJ. 2014;7(348):91687.

Slade SC, Dionne CE, Underwood M, Buchbinder R. Consensus on exer-
cise reporting template (CERT): explanation and elaboration statement.
Br J Sports Med. 2016;50(23):1428-37.

Pearce G, Parke HL, Pinnock H, Epiphaniou E, Bourne CLA, Sheikh A, et al.
The PRISMS taxonomy of self-management support: derivation of a
novel taxonomy and initial testing of its utility. J Health Serv Res Policy.
2016;21(2):73-82.

Taylor SJ, Pinnock H, Epiphaniou E, Pearce G, Parke HL, Schwappach A,

et al. A rapid synthesis of the evidence on interventions supporting self-
management for people with long-term conditions: PRISMS - practical
systematic review of self-management support for long-term conditions.
2014,

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W,
et al. The behavior change technique taxonomy (v1) of 93 hierarchically
clustered techniques: building an international consensus for the report-
ing of behavior change interventions. Ann Behav Med. 2013;46(1):81-95.
Michie S, van Stralen MM, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change interven-
tions. Implement Sci. 2011;6(1):42.

Stiles LE, Cinnamon J, Balan I. The patient perspective: what postural
orthostatic tachycardia syndrome patients want physicians to know.
Auton Neurosci. 2018;215:121-5.

Magee P, Moody L, Fielden S. CUbe: an ideas generation tool demon-
strated through multi-disciplinary development of a wheelchair stability
assessment system. Coventry: Recent Advances in Assistive Technology
and Engineering conference; 2012.

Moody L, Magee P, Stefanov D. Development of a wheelchair stabil-

ity assessment system: design tools and approaches. In: Woodcock A,

Page 14 of 14

Moody L, McDonagh D, Jain A, Jain L, editors. Design of assistive technol-
ogy for ageing populations. Cambridge: Springer; 2020. p. 235-56.

44. Anastécio Z, Bernard S, Carvalho G, Simées de Christensen F, Darlington
E, Hansen H, et al. Co-creating welfare: training course material preparing
professionals to co-create welfare solutions with citizens. Braga: Universi-
dade do Minho; 2019.

45. Yusmanto H, Soetjipto BE, Djatmika ET. The application of carousel feed-
back and round table cooperative learning models to improve student’s
higher order thinking skills (HOTS) and social studies learning outcomes.
Int Educ Stud. 2017;10(10):39-49.

46. Stussman B, Williams A, Snow J, Gavin A, Scott R, Nath A, et al. Characteri-
zation of post-exertional malaise in patients with myalgic encephalomy-
elitis/chronic fatigue syndrome. Front Neurol. 2020;18(11):1025.

47. Bartholomew LK, Parcel GS, Kok G, Gottlieb NH, Fernandez ME. Planning
health promotion programs; an intervention mapping approach. 2011.

48. Greaves CJ, Wingham J, Deighan C, Doherty P, Elliott J, Armitage W, et al.
Optimising self-care support for people with heart failure and their
caregivers: development of the Rehabilitation Enablement in Chronic
Heart Failure (REACH-HF) intervention using intervention mapping. Pilot
Feasibility Stud. 2016;2(1):37.

49. Abraham C, Michie S. A taxonomy of behavior change techniques used
in interventions. Health Psychol. 2008;27(3):379-87.

50. Bandura A. Social foundations of thought and action: a social cognitive
theory. Englewood Cliffs: Prentice-Hall, Inc; 1986.

51. Borek AJ, Abraham C, Greaves CJ, Gillison F, Tarrant M, Morgan-Trimmer
S, et al. Identifying change processes in group-based health behaviour-
change interventions: development of the mechanisms of action in
group-based interventions (MAGI) framework. Health Psychol Rev.
2019;13(3):227-47.

52. RajV, Opie M, Arnold AC. Cognitive and psychological issues in postural
tachycardia syndrome. Auton Neurosci. 2018;215:46-55.

53. Staniszewska S, Denegri S, Matthews R, Minogue V. Reviewing progress
in public involvement in NIHR research: developing and implementing a
new vision for the future. BMJ Open. 2018,;8(7):e017124.

54. Raj SR. Row, row, row your way to treating postural tachycardia syndrome.
Heart Rhythm. 2016;13(4):951-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.youtube.com/watch?v=dE2Ub6PfauQ
https://www.youtube.com/watch?v=dE2Ub6PfauQ
https://digitalndulibrary.ndu.edu/cdm/ref/collection/icafarchive/id/28262
https://digitalndulibrary.ndu.edu/cdm/ref/collection/icafarchive/id/28262

	Co-creation of a complex, multicomponent rehabilitation intervention and feasibility trial protocol for the PostUraL tachycardia Syndrome Exercise (PULSE) study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Overview of methods
	Co-define: Patient and public involvement (PPI) teleconference
	Methods
	Results

	Co-design: Face to face workshop
	Methods
	Results

	Co-refine 1: Online workshop
	Methods
	Results

	Co-refine 2: online workshop in response to COVID-19 guidelines
	Methods
	Results

	Co-refine 3: Manual development, intervention staff training and feedback
	Methods: manual development
	Results: manual development
	Methods: intervention staff training and feedback
	Results: intervention staff training and feedback

	Final PULSE intervention for feasibility testing
	Quality assurance


	Discussion
	Anchor 30
	Acknowledgements
	References


