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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 n = 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 

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 

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 CFS/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 PoTS trial were 
PoTS symptoms, activities of daily living, and heart rate. 
The PPI group agreed from the discussions that the main 

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 hEDS/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 

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 

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 

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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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.​
hEDSt​ogeth​er.​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-​proje​ct.​
coven​try.​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 

Fig. 2  PULSE logic model

https://www.hEDStogether.com
https://www.hEDStogether.com
https://www.pulse-project.coventry.ac.uk
https://www.pulse-project.coventry.ac.uk
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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 

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.
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