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Abstract

Background: Peripheral vascular diseases have a significant impact on functional quality of life. Previous research
has demonstrated the complex, limiting and costly economic implications of these conditions such as lower limb
ulceration chronicity and ischaemic amputation. These complex, limb and life threatening conditions demand the
development of novel interventions with objective research as part of that development. Hence, a novel
intermittent negative pressure medical device in the form of a wearable boot (FlowOx™) was developed. As part of
the development process, this study aimed to explore patient and clinician opinions of the boot.

Methods: A qualitative approach was used to collect patient and clinician experiences in Norway. An advisory
group informed the semi-structured questions used in seven patient interviews and one clinician focus group (n =
5). The data were recorded digitally and transcribed verbatim. Patient and clinician data were analysed as distinct
groups using a thematic process.

Results: Data analysis resulted in five themes from the patients which gave insight into; the impact of the disease
process; practicalities of using the boot, positive experiences of use; perceived outcomes; reflecting on use. Six
themes were created from the clinicians. These gave insight into; ideal outcomes and how to measure them; ways
to potentially use the boot; using research in healthcare; positives of the device; observed effects and next steps;
potential improvements to the device.
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Conclusion: This study provides insight into the experiences and opinions of FlowOx™. Patients and clinicians were
positive about the device due to its ease of use. Those patients with peripheral arterial disease experienced
significantly more benefit, especially for ischaemic ulceration than those with a chronic venous condition. Clinicians
placed value on the patient reported outcomes in the treatment decision-making process. This preliminary study
into experiences of FlowOx™ use provides valuable feedback that will inform design modification and ongoing
research into implementation points and prospective user groups. FlowOx™ demonstrates potential as a
conservative therapy offering users a convenient, home use, self-care management solution for improving
symptomatic peripheral arterial disease and quality of life.

Background
Peripheral arterial disease and chronic venous
aetiological conditions are a global problem in an ageing
population [1, 2] with peripheral arterial disease carrying
high associated risks of cardiovascular morbidity and
mortality [3–6]. Walking-associated claudication pain
proves a frequent symptom of peripheral arterial disease,
yet many are asymptomatic and consequently unaware
of disease presence [7, 8]. Lower limb ulceration, gan-
grene or prolonged rest pain classifies as chronic limb-
threatening ischaemia [9], which requires prompt revas-
cularisation to prevent limb loss [9, 10]. Although wide-
spread in its epidemiology, peripheral arterial disease
remains largely underdiagnosed and hence undertreated
[11–13]. The cost of treatments for ulceration alone
continues to prove a significant economic burden and at
a cost to developing countries that is estimated between
1 and 3% of their total health expenditure [14–16]. For
the patient, lower limb vascular compromise has been
shown to significantly affect quality of life by reducing
everyday functional capacity and instilling a growing un-
certainty regarding illness, treatment and long-term
health status [17–21].
The number of patients who have chronic venous dis-

ease are predicted to increase significantly in the coming
years and decades. The global burden of chronic venous
disease uses approximately 2% of healthcare budgets,
[22–24]. The disease progression rates are reported to
be 4% [25, 26] and varicose vein procedures, are pro-
jected to increase by 60% by 2021 [27]. The venous leg
ulcer is a common type of ulcer in the lower extremity
[28]. Venous leg ulcers accounts for 70–80% of ulcers
presenting for evaluation and treatment to a range of
healthcare disciplines. The prevalence of venous leg ul-
cers is up to 2% of the population and, importantly, in-
creases to 5% of individuals over the age of 65 years old
[29, 30]. Europe has up to 2.2 million people affected by
venus leg ulcers, and over 6 million individuals are af-
fected in the United States [31]. Although appropriate
wound care and compression therapy can be effective in
healing, the recurrence rates are high, these can be as
high as 50–70% at 6 months [30].

With a last reported chronic limb threatening ischae-
mia regional prevalence in Norway of 0.24 to 0.26% in
40–69 year olds [32], increased efforts have been placed
on implementing health promotion strategies within
identified at risk populations [33, 34]. However, there
are no studies or reports that have described a recent
change in the prevalence of chronic limb threatening is-
chaemia. In the Norwegian registry for vascular surgery
(NORKAR), over the last 5 years an increased share of
patients treated for chronic limb threatening ischaemia
have peripheral arterial disease. It would be interesting
to examine the context and evaluate the health strategies
in depth.
Over the last two decades, Scandinavian studies show

reductions in major amputation rates and increases in
endovascular procedures, although Norwegian regional
disparities occur [35–37]. In line with international
trends [38], the studies reveal an improvement in dia-
betic foot health [37], increased chronic limb threatening
ischaemia awareness, optimal treatment strategies with
better organised and widespread vascular surgical
services.
However, sub-optimal results for limiting deterioration

have been found in relation to increasing risk-factor
awareness and lifestyle modification [39–44]. Therefore,
effective and acceptable therapies are needed to improve
circulation and promote wound healing. Self-
management through targeted behavioural change
proves a central element in vascular risk management
[45]. Exercise programmes yield improvements in pain-
free walking which may improve quality of life [46], still
these prove unsuitable with active ulceration and are
hindered by poor uptake and accessibility [47].
The use of directly applied negative pressure wound

therapy has shown some improvements for chronic
wounds [48, 49]. Negative pressure wound therapy has
successfully been applied in a primary and home-care
setting [50]. The introduction of a Norwegian hospital
wound support team network has improved the clinical
efficacy of the home care services and reduced the need
for consultations at the hospital [51]. This model of
home intervention, supported by a hospital network
team, can be applied to other devices [50]. The recent
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development of a novel device (FlowOx™ Otivio, Norway,
Fig. 1), that applies intermittent negative pressure to the
lower leg but not directly to the wound, has demon-
strated improvements in both micro and macro-
circulation and improved healing in hard-to-heal
wounds [51, 52]. The positive effects of intermittent
negative pressure have been described to be caused by
an increased arteriovenous pressure gradient, shear rate,
and blood flow fluctuations, leading to improved endo-
thelial function [53, 54]. Data published after this quali-
tative study was undertaken, has revealed improvements
in pain-free walking distance after 12 weeks of intermit-
tent negative pressure-treatment [55] and in a follow-up
study of 24 weeks of intermittent negative pressure-
treatment, both pain-free and maximum walking dis-
tance increased [56]. FlowOx™ is a CE marked medical
device intended for use by patients with peripheral vas-
cular disease. Such medical devices are becoming more
known for home use; therefore safety, suitability and ac-
ceptability must be established [57, 58]. Therefore, this
qualitative study aimed to gather patient experiences of
using this self-use intermittent negative pressure medical
device in relation to its usability, its design and value.
Further, it aimed to gather clinician opinion on the clin-
ical effects and benefits, financial benefits and critical
price points in Norway healthcare.

Methods
Ethics
This qualitative study was granted ethical approval by
the University of Salford, School of Health Sciences Eth-
ics Committee (HSR1617–31) and the Regional Com-
mittees for Medical and Health Research Ethics,
Norway.

The intervention
FlowOx™ (Fig. 1) provides an intermittent negative pres-
sure to the lower limb and foot in the form of a wearable
boot. The leg and foot are suspended inside and held
with medical grade pads. A silicone seal is pulled over
the leg to allow a negative pressure to be established.
The pressure is set and cycled intermittently with input

from the control box. The system was prescribed by cli-
nicians for use by patients for a recommended 2 hours
use per day, however, this was not controlled, and some
participants used the device for longer than 2 hours. At
the point of data collection the system was provided for
patients to use through funded research with some treat-
ment costs paid by the company and grant funding (Re-
search Reimbursements). Continued use of FlowOx™
beyond the research was paid for by patients, in some
cases this cost was supplemented by the Norwegian
healthcare system which provides an individual allow-
ance for medical expenses.

Participants and recruitment
The FlowOx™ treatment was not widely prescribed,
therefore a purposive sample of patients and clinicians
with experience of its use across two hospital sites in
Norway (Oslo & Trondheim) were invited to participate.
Potential participants who had used the device for a
minimum of 6 months were given information sheets de-
tailing the aim and the voluntary nature of the study. In-
formed consent was taken from patients prior to
interview and from clinicians prior to the focus group.
Seven patients agreed to participate in an interview

(Table 1). Two patients were solely Norwegian speaking,
whilst five agreed to an English-speaking interview. An
interpreter was present during interviews to eliminate
unforeseen language barriers. Five clinicians from vascu-
lar clinical teams at two hospital sites were invited to
participate in a focus group. Clinicians were members of
vascular surgical staff (n = 3) and clinical research (n =
1) from Oslo and vascular surgical staff (n = 1) from
Trondheim. Anonymity was achieved by using partici-
pant numbers during data collection and analysis. All
audio files, transcripts, data analysis and data containing
patient and clinician information were stored on a pass-
word protected server at the University of Salford.

Data collection
An advisory group for this qualitative study was formed
and comprised of members of the main study which fo-
cussed on quantitative outcomes of the intervention
[59]. Members included the Principal Investigator (FH),
the quantitative research team (DP, SA) and qualitative
researchers (AW and CS) informed the semi-structured
questions for the face to face patient interviews aimed at
understanding patient experiences and opinions on the
usability of FlowOx™. The group also informed the focus
group questions that sought to gain clinician opinions
about the effectiveness of FlowOx™ as a treatment for
peripheral arterial disease and/or ulceration, including
cost implications.
Patient interviews were conducted at the participants

convenience either at the hospital sites or in their own

Fig. 1 FlowOx™ device and components (image courtesy of Otivio
AS, Oslo, Norway)
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homes. Interviews were carried out by the main re-
searcher (CS), a UK Podiatrist and a research assistant
with clinical experience of patient interviews and man-
agement of lower limb vascular conditions. Question
topics explored patients experiences of use, benefits and
barriers, thoughts on design and cost value, additional
treatments and recommendations for other users.
The clinician focus group was conducted at the Oslo

hospital site and facilitated by the main researcher (CS).
The choice of a focus group at the Oslo hospital was
pragmatic to allow staff to contribute whilst being avail-
able for emergencies. Question topics explored experi-
ences of clinical effects and benefits, research
reimbursements and critical price points in Norway
healthcare.
Data were collected with digital audio recording (WS-

853 Digital Voice Recorder, Olympus) and supplemented
with field notes. Patient interviews lasted between 12
and 34min and the clinician focus group lasted 42 mins.
The recorded data were translated from Norwegian to
English as applicable and then transcribed verbatim
using an independent service (Go Transcript, UK).

Data analysis
A pragmatic qualitative descriptive approach [60] with
thematic analysis [61] was utilised. The analytical re-
searchers (CS and CG) familiarised themselves with the
data and generated initial codes by listening to audio re-
cordings and re-reading interview and focus group tran-
scripts. The addition of a second researcher (CG) to the
initial analysis added to the credibility of the findings.
Nvivo (Nvivo 12 Pro, QSR International) provided a pro-
cessing platform for analysis. Emerging themes were
then developed and refined through an individual review
process that sought to underpin central concepts, reflect
the descriptive and explicit content of the data [61] and
validate results from participants transcripts. A natural-
istic approach allowed researchers to gain rich descrip-
tive experiences and opinions of the medical device used
in the natural environment herein, the “home” [60, 62].
To reduce subjectivity and enhance rigour, the main

researcher (CS) also undertook the analysis of focus
group data with the second researcher (CG). An ex-
perienced qualitative senior researcher authors (AW)
verified the analysis and results and then consensus
was achieved. Extracts from the transcripts were used
to illuminate the themes and to demonstrate truthful-
ness Figs. 2 and 3.

Results
Patient interviews
Theme 1. Impact of the disease process
Experiences of using FlowOx™ revealed recurrent dia-
logue from patients that focused on symptomatic
changes to lower limb health. Personal accounts
highlighted significant functional daily living changes
from diagnosis and through disease progression. Pain
levels dictated physical activity limits:

“I could walk for some distance, and then I had to
stop because it hurt so much.” [p3]
The experience of pain also affected the quality of
sleep:

“It was like I put my toes in hot water. So, I had to
go get up once every hour each night to walk around,
slow it down … ” [p6]

Most described treatment for ulceration and were within
various stages ranging from static healing to complete
resolution.
For the two participants with current venous ulcer-

ation they reported discomfort as p4 reveals,

“ … I get this nagging feeling in my leg which is un-
comfortable and painful when the dressing sticks to
it.”

Dialogue revealed how vascular compromise with per-
ipheral arterial disease led to clinician discussion of the
risks of amputation:

Table 1 Patient demographics

Patient 1 2 3 4 5 6 7

Gender Female Male Male Female Female Male Male

Vascular
Medical
Notes

Previous arterial
ulcerations
Peripheral
arterial disease

Intermittent
Claudication
Peripheral
arterial disease

Intermittent Claudication
Peripheral arterial disease

Current
venous
ulceration

Previous
arterial
ulceration.
Amputee.
Peripheral
arterial disease

Intermittent
Claudication.
Previous
arterial
ulceration.
Peripheral
arterial disease

Current venous
ulceration.

Place of
intervew

Own home
Oslo

Own home
Oslo

Meeting room
Oslo

Meeting room
Trondheim

Meeting room
Trondheim

Meeting room
Trondheim

Meeting room
Trondheim
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“There is the danger that I may lose a leg … ” [p1]

The risk of limb loss for those with peripheral arterial
disease ultimately led to experiencing feelings of fear
and worry:

“So, I was afraid that I was going to lose both of
them.” [p5]

“To go from being physically fit to talking about an
amputation in a course of six months did things with
me. It did do things with me mentally.” [p6]

Theme 2. Practicalities of using the “boot”
Description and demonstrations of how practical the de-
vice was to use emerged as a prominent theme. Most
found the device comfortable and easy to use:

“Nothing difficult, ‘cause everything was easy.” [p4]

All were able to use the device independently:

“It’s an easy device to use. Just put it on and press
the button and forget about it.” [p2]

Some practical usage issues were revealed with the seal
component. Pulling on the seal proved difficult for some.
It was postulated that the elderly may have difficulties
with the design.:

“So there is some difficulty getting hold of it to get it
over there...” [p3]
“I think that elderly people will not manage to use
this without having home care or something similar
… ” [p7]

Differences in the seal material lead to an increase in
size, corrosion and problems achieving maximum
pressure:

“It started failing because it just got a little bigger
and bigger.” [p1]

Fig. 2 Patient Interviews: Primary and secondary themes
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