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Editor’s foreword

Welcome to the third issue of the Journal of Vascular Societies Great Britain and

Ireland (JVSGBI). The journal is certainly going from strength to strength, and | hope that
you find the May edition both informative and enjoyable. On behalf of the Editorial Board,
thank you to all authors who have submitted articles.

This issue includes two editorials. The first is a personal journey with respect to equality,
diversity and inclusion from Mr Neeraj Bhasin, a Consultant Vascular Surgeon, in West
Yorkshire. The second editorial examines what the recently published Vascular PAD-QIF
CQUIN, means for vascular patients, clinicians and patients. The full report is also a
supplement to this issue, and can be located on the JVSGBI website, for easy reference.

This issue includes four original research articles, which cover a variety of research
topics including: outcomes of revascularisation in elderly CLTI patients; a study of the
reliability of WIfl risk stratification in the diabetic foot clinic; factors associated with delays to
carotid endarterectomy in the Republic of Ireland; and a study of training in open aortic
aneurysm surgery. We also have two trial protocols: the first (VENUM) aims to evaluate the
provision of undergraduate vascular teaching in UK medical schools, whilst the second
(WALKSTRONG) aims to test the feasibility of a novel home exercise programme for
patients with intermittent claudication. Finally, this issue also contains the JVSGBI's first
case report and literature review — distal venous arterialisation for 'no-option' CLTI. It is
particularly pleasing to see such a wide variety of study designs, research topics and our
first publication from a non UK centre.

Recently, the JVSGBI Editorial Board took the decision to acknowledge the sterling and
essential input of article reviewers. Therefore from this point forward each article will
include a note of gratitude to the individual article reviewers. A list of reviewers will also be
published in each November edition. Additionally, as Editor in Chief, | am proud to advise
that time from article submission to on-line publication at www.jvsgbi.com is taking
approximately eight weeks and that all articles have free, open access. A Twitter
notification is sent out when articles are published online via @VSjournalGBI. Our Twitter
following is growing — if you are not yet following us on social media please visit and follow
to receive the latest news from the journal.

Finally, | hope that you enjoy reading this issue of JVSGBI. Please do continue to submit
your work for publication, and follow us on social media.

lan Chetter
Editor in Chief JVSGBI
VSGBI Research Committee Chair
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Neither here, nor there, but all good: my personal
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This invited editorial is an adapted version of a
talk on Mr Bhasin’s Twitter Feed originally
recorded for the EDI module of the Calderdale
and Huddersfield NHS Foundation Empower
Leadership Programme.’ It has also been
presented at the Vascular Society of Great Britain
and Ireland and Rouleaux Club Joint Symposium
on Equality, Diversity and Inclusion, and at a
session entitled ‘Resolving Conflicts in Identity and
Belonging in Second Generation British South
Asians’ as part of South Asian Heritage Month.

| am delighted to have been asked to write an
editorial about Equality, Diversity and Inclusion
(EDI). It speaks to me that attitudes are hopefully
changing, with individuals and organisations
making this a core priority. Across the globe we
have seen high profile examples of racism,
inequality and privilege. This is not right, and there
is no reason my melanocytes should determine
my treatment or how | am perceived. The same is
true of any protected characteristic.

In writing this | have two aims. The first is to
ask people to step into my shoes, think about
what you are reading, how that makes people feel
and hopefully become an ally, taking a proactive
stance on shifting the dial. The second is to make
people feel seen when they read this, embrace
your journey, be proud of your diversity and
experiences, see your diversity as your strength.
| understand the following are my experiences,
my perceptions, my thoughts, and we all have our
own individual journey. That blend of gender, age,
ethnicity, sexual orientation, socioeconomic
background makes us all individual and aligns
with the concept of intersectionality.

As | have struggled with identity and
belonging for years, | have titled my journey,
‘Neither here, nor there, but all good'. In terms of

Key words: equality, diversity, inclusion

structuring this piece, although it is not how it is
traditionally used, within our organisation we have
a quality improvement methodology called the
‘Three Rs’. | am going to recount stories to
establish my ‘Reality’. | will then describe the
‘Response’, which gives you the ‘Result’ of where
| am today.

Dad came to England in 1966 after qualifying
as a doctor and, as were the rules at that time,
arrived with £3 in his pocket and a 20 kilogram
suitcase. He aspired to be an orthopaedic
surgeon and play cricket socially, but how he was
treated due to his ethnicity led him to give up on
his aspiration and his main hobby. Mum soon
followed dad to England. Mum has a degree in
English and can absolutely sound like the Queen
when she is on the telephone. When Dad was
working, Mum used to ring round to find
accommodation for them. They had the
experience of going to a house, the person
opening the door, looking at them, and then just
saying, “Well, you didn't sound like one of ‘them’
on the phone”, and then just shut the door in their
face.

I grew up as the youngest of three children
and felt loved, secure and happy. | grew up in
Huddersfield with Dad's GP surgery on the side of
our house, and this is when there was the first
joke about my ethnicity. The joke was that | was a
‘posh Indian’; the stereotype at that time was that
Asians came over, set up a corner shop and lived
above their corner shop. | was a ‘posh Indian’
because | didn't live above a corner shop, | lived
above a surgery. Occasionally Dad's parents,
Dada ji and Dadi ji, came to live with us and Dadli
ji would make breakfast. | would wake up to the
sound of a pressure cooker and the smell of
freshly made parathas. However, | was conscious
because my coat was hanging on a peg near the
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kitchen and | was worried about getting on the school bus smelling
of Indian food, and how people would perceive that, and perceive
me because of that.

| grew up badly dressed and did not own a pair of jeans until |
was 16. | grew up eating Indian food, celebrating Indian ceremonies
and surrounded by Indian friends. As a family we had two English
language films on VHS, the ‘Sound of Music’ and ‘Star Wars'. | can
still sing every word of the songs in the ‘Sound of Music’, and | get
a little bit over-emational when | see an X-wing! After the school
holidays, friends would describe their trips to Disneyland and the
restaurants they ate in. We had driven to Germany in our car to
see family members and eaten aloo gobi from a foil container in a
service station by an autobahn. They were happy times, but it
made me hesitant, feel isolated, like | did not fit in.

Another one of Dad's aspirations was to own a maroon
Mercedes, and after an immense amount of hard work and
sacrifice he achieved that. However, Dad went out in the morning
to find the word ‘P*ki" graffitied all the way across our garage and
someone had urinated on the car. Despite that | was in a bubble,
my parents never let me feel unsafe and | was happy.

| then moved to college and started to develop a racial
awareness. There was a group of Asian kids at college who were
only friends with other Asian kids. Due to my diverse friend group,
they abused me. | was called ‘coconut’ or ‘Bounty’, meaning brown
on the outside and white on the inside, insinuating | was betraying
my heritage or not being true to my skin colour. | then started to
socialise more widely and was almost apologetic for my ‘different’
name. Regularly | hear various pronunciations of my first name,
such as ‘knee rash’, and with my surname regularly getting ‘Basin’
or ‘Bashing’. The worst is when people say, “That's just too
complicated, I'm just going to call you Bob”. | will not accept that.
The other question | get asked is, “Where are you from?” I'll say I'm
from Huddersfield, and they respond “No, where are you really
from?” I would say, “OK, | was born in Kent, but | moved to
Huddersfield when | was a year old”. That is clearly not the answer
they are looking for.

After University in London | came back to Yorkshire and did my
first SHO job in A&E. That is when | was attacked by a patient
because they didn't want to be treated by a ‘P*ki’. Also, for those
patients who could not speak English, | tried to talk in Hindi. My
white colleagues were amazed that | could do this, and those
doctors that were on the ward round with me, who perhaps came
from India, smirked to each other due to my accent and broken
Hindi, coming back to the coconut scenario. Over the years | had
the standard shouts of “Go back where you came from”, getting
bumped into in bars, and got threatened with a stabbing in London
because | had a white girlfriend. | recount all of that as if it is normal
and accepted.

These events meant | do not feel complete belonging in
England, so ‘neither here’.

As a young adult | went to India alone for the first time and that
is when things got interesting. Although | absolutely loved it, |
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realised | didn't fit in there either. | stuck out because of my clothes,

my approach, my accent. So, my ‘Reality’ is, | do not feel complete

belonging or acceptance in England or in India — ‘neither here, nor
there’.

There will be people reading this who are thinking ‘it is different
now’, ‘things are better’, | have a ‘chip on my shoulder’, so | thought
it may be useful to outline some recent information and, for those
who want to become allies who may not have been touched by this,
consider how the following makes people feel about themselves
and their careers:

* 95% of doctors who died from COVID-19 were from a BAME
(Black, Asian and Minority Ethnic) background.?

» For all grades, BAME doctors are almost twice as likely as white
doctors to have personally experienced discrimination at work
from a manager, team leader or other colleagues.?

*  BAME doctors are under-represented in consultant, clinical
director and medical director roles.®

*  BAME doctors were twice as likely to receive a complaint or be
referred to the GMC compared to their white colleagues.®

+  BAME staff at an NHS trust were told to use ‘Western names’.*

»  White doctors in London are six times more likely to be offered
jobs than black doctors*

In terms of the ‘Response’, my two elder siblings grew into a

corporate lawyer and a fast jet fighter pilot. | did not identify them as

role models, but they removed the perception of a glass ceiling,
they prevented boundaries entering my head, and they showed me
that there were no limits. The response was not intentional, but to
overwhelm all the negativity from the ‘Reality’, the vast majority of
people were brilliant! | made friends in college who | stood side by
side with and continue to do so after 30 years; one of them asked
me to be best man at his civil partnership. At university, whether it
be in the accommodation, on rugby, hockey or cricket pitches, in
lectures, in the bar, | never experienced any prejudice.

Groups of people made me realise it did not matter what | was.
| realised that good people accepted me for who | was, and for
those who did not, it was not my problem.

| joined an outdoor bootcamp for exercise. This was made up of
very different people, different backgrounds, different jobs, and that
made me quite conscious and anxious. It was one of the best things
| ever did. That diverse group of people embraced each other,
helped each other physically and mentally, built each other up and
gave each other huge amounts of confidence. Then a friend asked
me to be a godparent to their baby, investing more in who you are
than the colour of your skin. | met more people who gave me the
confidence to walk into any room and be proud of myself, be proud
of my experiences and be proud of my diversity.

| then met someone who enhanced that, who gelled that pride
and confidence together and brought a strength to it. Someone
who embraces and respects all that is good about sharing and
blending those cultures and created a family of diversity.

That is all personally, we spend a lot of time at work and those
statistics | outlined earlier are work related. | had a chance meeting
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with a consultant who took me under his wing as a junior doctor, he
took me to the point where | was ready to be a consultant, and now
works alongside me as a peer in the region. Along with certain
other colleagues and consultants, | knew that if | worked hard, if | hit
the expected standards, | would be fine, the colour of my skin was
never a question. All that counted to these people were my
professional and personal qualities.

Then | became a consultant and got to the point where |
realised that the best way of changing things is from the inside, to
get involved. So | applied for a role as Associate Medical Director
and was given the opportunity to lead. It was at this stage | further
developed that racial awareness. It developed into the fact that |
was aware | had a responsibility to help others, but | was clear | did
not want positive discrimination for myself or others. | wanted to be
in a room because | was a right person for the job. | did not want to
be in a room because | felt | was fulfilling an organisation’s target.
However, you cannot be what you cannot see.

These people created a ‘Response’ for me that was much
greater than those who created the ‘Reality’. | realised that my
differences were a strength. If an elderly Asian lady comes into a
consultation with me, | know that | can respond with the same
empathy and build the same rapport as if an elderly Yorkshire
gentleman comes in and starts his consultation with “Now then”.
My differences make me stronger.

So, is the ‘Result’ perfect? No, I'm still conscious when | walk
into certain situations, but | take the confidence, pride and strength
that has been given to me by others and | will demonstrate
behaviours that give nothing to the negative people. Overall, I'm ‘all
good'.

Diversity makes you stronger — as an individual, profession and
organisation. Our organisation’s workforce has to reflect the
population we care for. | hope this editorial will have helped some to
step into someone else’s shoes, made them curious, become an
ally and move the EDI dial. It is important to challenge yourself and
understand if you have privilege, how that has helped you, and how
that means you have a responsibility to help others.

Neither here, nor there, but all good. Bhasin N

Peggy MclIntosh described seeing her white privilege as an
invisible weightless backpack of special provisions, maps,
passports, codebooks, visas, clothes, tools and blank cheques.®
Despite what | have described above, | recognise | have privilege
and others continue to have a harder journey and different
experiences. My surgical journey will have been easier as a male;
| know I have not been conscious in certain environments where my
LGBTQ friends have felt uncomfortable, | know due to my accent,
clothes, interests, school and university | may be more ‘accepted’ in
certain environments than other Asian colleagues.

So, challenge yourself, do you have privilege? Understand if
you do, and help others who do not.

For those who these experiences have resonated with, and
hopefully feel seen, be confident, be proud, be strong, embrace
your differences, embrace your journey. Your differences are your
strength; go and become a role model, go and achieve, go and
excel.

Conflict of Interest: None.
Funding: None.
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The Commissioning for Quality and Innovation
(CQUIN) indicators for 2022/23 were recently
published by NHS England and for the first time
include a vascular indicator, the “Achievement of
revascularisation standards for lower limb
ischaemia”."! This is great news and will drive
quality improvement for patients with chronic
limb-threatening ischaemia (CLTI). In this editorial
we describe what this means for English NHS
organisations providing vascular services,
vascular clinicians and patients.

The Prescribed Specialised Services (PSS)
CQUIN framework is a pay-for-performance
scheme for English NHS Trusts. It supports
improvements in quality of care by linking a
proportion of the healthcare providers’ income to
the achievement of quality improvement goals in
clinical priority areas.? It was launched in the NHS
in England in 2013 but was suspended during the
pandemic. This year there are five PSS CQUIN
indicators that acute Trusts must adopt. The
baseline value for the CQUIN equates to 1.25%
of the fixed element of the expected annual
contract value, with each of the five indicators
worth 0.25%. If the CQUIN target is not met, the
CQUIN value will be deducted and reimbursed.
For an arterial centre, this penalty is estimated at
approximately £500,000 or more depending on
Trust size.

The “Achievement of revascularisation
standards for lower limb ischaemia” CQUIN
indicator is based on the Vascular Society of
Great Britain and Ireland Peripheral Arterial
Disease Quality Improvement Framework
(PAD-QIF) published in March 2019, which
recommends a timeframe of 5 days from referral
to the vascular team to revascularisation for
patients admitted urgently with CLTI.% This
indicator evaluates quality by measuring the
proportion of patients with CLTI that undergo

open, endovascular or hybrid revascularisation
within 5 days from non-elective admission to
vascular provider units.* Payment is determined
by reference to two thresholds (upper threshold
60%, lower threshold 40%). NHS organisations
will receive the full CQUIN value if 60% or more
of CLTI patients who are deemed suitable for
revascularisation are revascularised within 5 days
from admission and no payment will be earned if
this proportion is below 40%. Deductions will be
graduated if performance falls between the two
thresholds. Regional Specialised Commissioning
teams will monitor performance of providers using
Hospital Episode Statistics (HES) data and data
entry to the National Vascular Registry (NVR).

The CQUIN aims to drive improved levels of
data entry to NVR, which will be used to quality
assure the timeliness of revascularisation and
patient outcomes. This supports the Getting It
Right First Time (GIRFT) recommendation that
case ascertainment rates for lower limb
procedures should exceed 85%.° Therefore, if
comparison between NVR and HES data
demonstrates significant under-reporting, there is
the potential for commissioners, at their
discretion, to withhold or reduce payment. This
should ensure providers identify sufficient
resources (including administrative support) for
vascular services (both surgical and radiological)
to meet this target level of case ascertainment to
the NVR.

There has been conflicting evidence about the
effectiveness of pay-for-performance schemes to
improve processes and patient outcomes.®®
The CQUIN aims to improve quality of care by
measuring clinical processes, and assumes that
improvement in these metrics will result in
improvement in patient outcomes and a more
positive patient experience due to fewer delays.
Patients treated within 5 days have been

Key words: vascular procedures, pay-for-performance, chronic limb-threatening ischaemia,

peripheral arterial disease
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demonstrated to have shorter postoperative and overall hospital
stays in the recent NVR report,® and may experience fewer
complications. The positive effect of interventions such as
dedicated limb salvage clinics on patient outcomes such as
amputation-free survival has also been demonstrated.'® Additionally,
having a vascular CQUIN indicator focuses the attention of NHS
providers of vascular services and provides an opportunity for
clinicians to seek resources and support from their organisational
leadership, by highlighting the potential financial gains thanks to the
reduced length of stay and subsequent increased bed capacity, as
well as the financial incentive of the CQUIN itself.

Vascular units may need to reconfigure their pathways to
prioritise patients with CLTI and expedite patient review, imaging
and treatment in order to achieve the target. In this effort, they may
benefit from the experience of the early adopters participating in the
PAD-QIF, who have introduced a number of innovative solutions
that can serve as examples for other units." Vascular units are able
to identify their baseline performance, published in the 2021 NVR
report.?

The PAD-QIF timeframes are challenging and achieving them is
likely to require additional resources and a change in the delivery of
vascular services. However, we hope that the inclusion of the CLTI
indicator in the CQUIN framework will raise the profile of peripheral
arterial disease with NHS Executive teams. Furthermore, by
highlighting CLT! as a clinical priority, the CQUIN will encourage the
adoption of the 5-day target into clinical practice and lead to
improved patient outcomes and reduced amputation rates.
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Plain English Summary

Why we undertook the work: People in the UK are living longer with lots of medical conditions. This means
people aged over 90 are more likely to need vascular surgery for lack of blood supply to the legs. We wanted to
know what the results of surgery or keyhole procedures to improve blood supply are in these people.

What we did: We looked at people aged 90 and older who were admitted to one hospital with a severe lack of
blood supply to the leg, and had a surgical or keyhole procedure to improve it to try to save the leg. People
admitted between January 2010 and December 2017 had their medical records reviewed, and we looked at
how many of them were alive 30 days, 90 days and 1 year after their first procedure.

What we found: We looked back at the medical records of 99 patients. Their average age was 92. The 99
patients had 117 procedures between them, with 15 legs needing more than one procedure; 5.1% of people
died in the first 30 days after their procedure, 18.2% died in the 90 days after and 44.4% died in the year after.
If people came to hospital as an emergency, they were less likely to be alive at 1 year than someone coming in
as a planned admission

What this means: There is a high chance of someone aged 90 or older dying in the first year after a procedure
for a severe lack of blood supply to the leg, about the same as for patients who have an operation for a broken

hip. Our operations provide pain relief and an ability to retain independence, so we should continue to consider
them in people of this age.

Abstract

Background: With increasing age of the population, more patients over 90 years old are being
referred to vascular surgery with increasingly complex comorbidity. There are minimal data on
undertaking revascularisation at this extreme of age. This study therefore aims to evaluate the
outcomes of nonagenarians who underwent vascular surgical procedures for chronic limb-
threatening ischaemia.

Methods: A retrospective clinical record review was carried out of all patients aged 90 and
older with chronic limb-threatening ischaemia who presented to a tertiary centre between

January 2010 and December 2017 and underwent vascular surgical intervention. Primary
outcomes were mortality at 30 days, 90 days and 1 year.

Results: Ninety-nine patients were included. The median age was 92 years (IQR 90-94) and
median follow-up was 15 months (IQR 4-32). A total of 117 limbs were treated, with 15 limbs
requiring multiple procedures. Of the patients’ first procedures, 76 (76.8%) were endovascular,
14 (14.1%) open and 9 (9.1%) were major limb amputations. The 30-day, 90-day and 1-year
procedural mortality rates were 5.1%, 18.2% and 44.4%, respectively, with higher mortality for
emergency cases at 1 year (p=0.045).

Conclusions: Mortality for these procedures in patients aged over 90 is high, similar to patients
who undergo surgery for hip fracture. Given similar benefits for treatment in terms of pain relief
and ability to retain independence, patients in this age group should be considered for limb
salvage procedures.

Key words: vascular surgery, frailty, care of the elderly, open vascular surgery, emergency vascular surgery
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Introduction

The ageing population is growing. In 2020 there were 609,503 UK
residents aged 90 and over, an increase of more than 2.5 times in
the past 30 years.! Cardiovascular disease is a large contributor to
morbidity and mortality in this age group,? and consequently older
patients are being referred for vascular surgery evaluation.®

Given increasing comorbidities,® decision making in this population
becomes difficult. Risk stratifying scores such as V-POSSUM
(Physiological and Operative Severity Score for the enUmeration of
Mortality and morbidity) and V-POSSUM Cambridge scores have
not been validated in elderly patients.* This population carries an
increased perioperative and postoperative mortality for vascular
procedures, with a study by Saarinen et al evaluating outcomes in
patients with either chronic limb-threatening ischaemia or acute limb
ischaemia highlighting a 1-year survival rate of 50%.° It is important
that an accurate picture of risk is discussed with patients and their
advocates prior to any procedures carried out, as well as their
potential benefits.

Current guidance from the Vascular Society of Great Britain and
Ireland recommends early revascularisation for presentations of
chronic limb-threatening ischaemia in order to prevent limb loss.®
The Global Vascular Guidelines recommend offering
revascularisation to patients after taking into account their surgical
risk, level of ischaemia and how threatened their limb is.” Surgical
risk is difficult to assess. Average-risk and high-risk patients are
defined by estimated procedural and 2-year all-cause mortality, with
the list of predictors including age, chronic kidney disease, coronary
artery disease, congestive heart failure, diabetes mellitus, smoking,
cerebrovascular disease, tissue loss, body mass index, dementia
and functional status. However, the Global Vascular Guidelines
recommend no particular model to assess surgical risk.

The aim of this study was to evaluate outcomes of vascular
surgery for chronic limb-threatening ischaemia in nonagenarians, to
compare elective and emergency surgery, and open and
endovascular procedures. As the ageing population grows, this
information will help guide decision making, consent discussions
and risk stratification.

Methods
A retrospective notes review of patients aged 90 and older who
underwent revascularisation or major amputation following a
presentation with chronic limb-threatening ischaemia at one tertiary
vascular unit in the UK was carried out, with reporting according to
STROBE guidelines.® The study was registered with the local
Norfolk and Norwich University Hospital institutional audit
department to ensure all data collection was in line with local
committee ethical standards and, after review by the local R&D
department, the study was deemed exempt from ethical approval
owing to the minimal risk and non-identifiable nature of the study.
Patients were de-identified and analysed anonymously.

Patients admitted between January 2010 and December 2017
were included and the demographics and comorbidities of the

CLTI outcomes in nonagenarians. Atkins E et al

cohort were captured. These included age, sex, diabetes,
hypertension, chronic kidney disease, chronic obstructive
pulmonary disease, ischaemic heart disease, having had vascular
surgery in the past, stroke, heart failure and smoking history.
Chronic limb-threatening ischaemia was defined as rest pain or
tissue loss. The frailty score and Rutherford classification were also
calculated. Patients were identified through both surgical and
interventional radiology procedural databases and cross-referenced
with departmental governance data. Case notes, discharge
summaries and clinic notes were used for data collection. Deaths
were identified from patient records. Follow-up was completed in
April 2021.

The type of procedure was recorded and grouped as to
whether it was elective or emergency (defined as an outpatient or
inpatient pathway), and open or endovascular. Data were also
collected on their discharge destination and whether they returned
to the address from which they were admitted to hospital within 3
months. This was retrieved from the Trust’s Patient Administration
System. A ‘nursing home’ was defined as a care destination which
always has a qualified nurse on site whereas a ‘care home’ has
trained care assistants. Patients who require a nursing home have
increased care needs compared with those who require a care
home.

The decision to treat a patient in their 90s who presented with
chronic limb-threatening ischaemia was made by the admitting
vascular surgeon. An opinion from a consultant vascular
anaesthetist was sought prior to any open vascular surgical
procedure. Patients on an elective pathway were discussed at
weekly vascular multidisciplinary team (MDT) meetings; however,
MDT discussion for emergency admissions were variable
depending on day of admission. Patients who were deemed too
high risk for any procedure were managed conservatively. Input
from geriatricians was not routinely sought.

The primary outcome measured was mortality at 1 year.
Secondary outcomes included discharge destination, re-
interventions, amputation, and mortality at 30 and 90 days.

Data analysis

Statistical analysis was carried out using Kaplan—Meier curves to
calculate mortality, statistical significance being calculated using
Mantel-Cox log rank test and Fisher's exact test or x? test
depending on raw numbers. Descriptive statistics were
documented as percentages. For patients who had more than one
procedure in the follow-up period, the first procedure only was used
in mortality calculations. Statistical significance was defined as
p<0.05.

Study size was based on the number of cases undergoing the
procedure during the study duration and was not a calculated
sample size. Missing data were reported as such and statistical
analyses based on the number with data obtained. No matching of
cases or sensitivity analyses were possible due to the nature of the
study and sample size.
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Table 1 Study population demographics, comorbidities and
medications.

CLTI outcomes in nonagenarians. Atkins E et al

Table 2 Mortality at 30 days, 90 days and 1 year post-procedure.

30-day 90-day 1-year

Demographics n (%) mortality mortality mortality
(N=99) Frequency (%) Frequency (%) Frequency (%)

Female 55 (55.6) Combined 5 (5.05) 18 (18.2) 44 (44.4)
Diabetes 23(232) Admission pathway
Hypertension 96 (6.6) Elective 0(0) 2 (6.06) 10 (30.3)
g:gd::rciatli|fsi§?i7|2tﬂ)nnc)lud|ng myocardial infarction, heart failure 56 (56.6) Emergency 5 (7.58) 16 (24.2) 34 (51.5)
Stroke/transient ischaemic attack 15 (15.2) P value 0.17 0.029 0.045
Previous vascular surgery 28 (28.3) Revascularisation procedure
Peripheral arterial disease 39 (39.4) Endovascular 5 (6.58) 14 (18.4) 32 (42.1)
Smoking history 19 (19.2) Open 0 (0) 4 (28.6) 9 (64.2)
Statin 43 (45.3) P value 1 047 0.13
Antihypertensive 62 (65.3)
Antiplatelet 65 (68.4)
Warfarin 16 (16.8) Median survival was higher following endovascular procedures than
B 15 (158) open surgery (1.29 years (IQR 0.37-3.17) vs 0.93 years (IQR

Results

Ninety-nine patients (44.4% male) who underwent 117 procedures
were identified. The median age was 92.4 years (IQR 90.9-94.6)
with a median follow-up of 1.24 years (IQR 0.37-3.17). A total of
101 limbs were treated, 67.5% of which were treated following
emergency admission. Patient comorbidities and medications are
shown in Table 1 and were commensurate with standard vascular
risk factors. Twenty-eight patients (28.3%) had previously
undergone vascular intervention. The Rutherford classification was
known for 94 patients: 43.6% had Rutherford stage 6, 41.5% had
stage 5, 10.6% stage 4 and 4.3% stage 3. Clinical frailty scores
were also calculated for 85 patients, with 15.3% scoring 7, 20.0%
scoring 6, 23.5% scoring 5, 28.2% scoring 4, 11.8% scoring 3 and
1.2% scoring 2.

Eighty-four limbs underwent a single intervention and 15 limbs
underwent a secondary procedure with one limb undergoing three
procedures. Primary procedures included 78 angioplasties, nine
femoral endarterectomies+angioplasty, five lower limb bypasses
and nine major limb amputations (above or below knee). Secondary
procedures included nine major limb amputations following
angioplasty, five repeat angioplasties, one femoral endarterectomy
post-angioplasty and one redo femoral endarterectomy.

The 30-day, 90-day and 1-year procedural mortality rates for all
patients were 5.1%, 18.2% and 44.4%, respectively (Table 2).
Median survival time was 1.23 (IQR 0.37-3.17) years. One-year
mortality rates for patients undergoing open surgical
revascularisation and angioplasty (excluding amputation) were
64.2% and 42.1%, respectively (p=0.13). These differences were
also non-significant at 30 and 90 days post-procedure (Table 2).

JOURNAL OF VASCULAR SOCIETIES GREAT BRITAIN & IRELAND

0.38-2.98)), but no significant difference between Kaplan—Meier
curves (Figure 1) was demonstrated on the Mantel-Cox log rank
test (p=0.9).

Mortality at 1 year following emergency cases was 51.5% whilst
that following elective cases was 30.3% (p=0.045). Table 2 shows
that the differences in mortality were not significant at 30 days
post-procedure but were significant at 90 days post-procedure
(p=0.029) and at 1 year. Median survival was higher following
elective procedures than following emergency surgery (2.04 years
(IQR 0.90-3.43) vs 0.86 years (IQR 0.29-3.08)), but no significant
difference between Kaplan—Meier curves (Figure 2) was
demonstrated on the Mantel-Cox log rank test (p=0.16).

Prior to the first admission, 13.1% of patients lived in a care
home, 77.8% in their own home, 2.0% in a nursing home and 7.1%
in sheltered housing. Three months following discharge 87 patients
were alive, of which 17.2% were in a care home, 71.3% in their own
home, 4.0% in a nursing home, 5.1% in sheltered housing and
1.0% in a hospice. This resulted in 94.3% of surviving patients
maintaining their preoperative level of independence at 3 months.

Of the 77 patients who were admitted to hospital from their own
home, all survived to discharge. Discharge destination was their
own home for 68 patients (88.3%), a care home for four patients
(5.19%), a rehabilitation placement for three patients (3.90%) and a
nursing home for two patients (2.60%). Seventy patients (90.9%)
were alive at 12 weeks, 66 (94.3%) of whom had returned to their
own home, three (4.29%) were living in a care home and one
patient (1.43%) was in a hospice.

Clinical frailty was analysed to determine whether increasing
frailty was associated with long-term survival. Kaplan-Meier
analysis and log-rank test showed a significant association
between increasing frailty scores and poorer survival (p=0.0005,
Figure 3).
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Figure 1 Kaplan-Meier curve showing survival for endovascular
versus open vascular surgical procedures.
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Figure 2 Kaplan-Meier curve showing survival for elective
versus emergency vascular surgical procedures.
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Figure 3 Kaplan—Meier curve showing survival depending on
clinical frailty score.
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Discussion

These data highlight the fact that patients at the extremes of age
are able to undergo vascular intervention, with the majority of
patients able to maintain their pre-existing level of independence.
With careful patient selection, patients over the age of 90 can return
to independent living with revascularisation and should not be
turned down for intervention based on age, but the risks and
benefits of intervention should be appropriately discussed.

As the number of nonagenarian patients referred to vascular
surgeons increases, it is important to identify those who would
benefit most from invasive vascular surgical procedures, which
often have significant risk attached. This assessment and
identification is challenging and requires close working with the
surgeon, anaesthetist and care of the elderly physician to optimise
patients perioperatively. Patient frailty is an independent risk factor
for poor outcomes in vascular surgery,® which is in accordance
with the findings of this study. Many tools to assess frailty exist,
and not all are validated in the surgical population. In addition, not
all patients with increased surgical risk will be frail and there is no
evidence to decline surgery based on a frailty score alone.®

The overall 30-day mortality rate for vascular surgery
procedures in nonagenarians, combining elective and emergency
operations over the study period, was 5.1%. This is comparable to
the literature on general surgery for patients aged 90 years or older,
with a 30-day mortality rate of 8.4% reported by Hosking et al'®
and 6.2% reported by Sudlow et al."" In the literature on vascular
surgery, the 30-day mortality rate for patients aged over 90
following combined elective and emergency procedures ranges
from 6.2% t0 12.7%."?

Mortality in our study cohort was not significantly increased at
30 days for emergency procedures compared with elective
procedures, but was at 90 days and one year. The lack of an early
significant difference is likely due to all of these cases having
chronic limb-threatening ischaemia and therefore undergoing
intervention within a short period of time from referral regardless of
mode of presentation. At 1 year, mortality reached 51.5% in
emergency cases and 30.3% in elective cases. These outcomes
are worse than in a younger cohort,' and as such underline the
importance of frank and honest conversations about expected
outcomes with patients and their advocates when making the
decision to perform a surgical intervention.

When comparing open procedures to endovascular
procedures, there was a higher mortality at 1 year for those
undergoing open surgery, which was not significant. It is also
important to note that all cases of open surgery had no
endovascular option, and as such it is not a like-for-like comparison.
These data suggest that an ‘endovascular first’ strategy may be
beneficial in the over-90s, especially with recent and ongoing
advances in what can be achieved via endovascular methods,
although clearly this is not possible in all cases. The mortality of
44.4% in all those undergoing interventions for chronic limb-
threatening ischaemia at 1 year is comparable to patients
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undergoing surgery for hip fracture, which has an associated 1-year
mortality rate of 25-50% in this age group.™' Given the similarities
in these patient cohorts, including poor functional status, pain and
reduced quality of life, a similar approach to treatment could be
considered as the benefits of limb salvage, mobility and pain relief in
both scenarios are considerable, so open surgery should remain an
option in selected patients.

It is exceedingly difficult to determine how much benefit one
individual will derive from a vascular surgical procedure, especially
in the context of high risk of harm. A woman aged 90 in England is
expected to live a further 4.61 years and a man 4.09 years,'® and
by the age of 92 (the median age of our study cohort), the life
expectancy is 3.94 further years for women and 3.5 for men. Our
results show a median life expectancy of 1.19 years for
nonagenarians fit enough to undergo vascular intervention, and the
decision-making process should thus take into account the limited
life expectancy for patients of this age.

It is evident from this study that the majority of patients over the
age of 90 were treated as an emergency. This may be due to a
reluctance of healthcare professionals to make a referral to tertiary
providers for patients in this age group, but it may also be due to
the perspective that vascular surgeons may adopt a more
conservative approach to patients in this age group when seen in
clinic compared with younger patients. In the context of emergency
presentation, particularly if the patient has intolerable pain or
significant tissue loss, the patient and their advocates may be
willing to accept a higher level of risk. There may also be
corresponding pressure on the surgeon to ‘do something’ when
faced by a patient in extremis.

Fewer than half of the study cohort were taking a statin and
over a quarter were not taking any antiplatelet or anticoagulant
medication. Previous research on best medical therapy in vascular
surgery patients has shown similarly limited cardiovascular risk
factor modification." This leads to an increased perioperative
cardiovascular risk, especially in the population with peripheral
vascular disease,'® and may have contributed to the high mortality
we have described. The harms of overprescribing have been a
recent focus of the UK Department of Health and Social Care, with
a review of the topic being commissioned in 2018."° Whilst there
is no standardised definition of polypharmacy, its prevalence is
increasing in older adults, along with its negative associations.?®
A meta-analysis of de-prescribing in older adults has shown that
mortality is not affected,?' but a specific subgroup analysis of
patients with peripheral vascular disease has not been carried out.
Clinician education on the benefits of secondary prevention in
peripheral vascular disease could be a potential solution to ensure
patients with cardiovascular risk factors are on appropriate
secondary prevention medications.

This study has several limitations. Data on those patients who
did not undergo intervention has not been obtained to provide a
comparative analysis, and this will likely include those with the
lowest preoperative functional status and worse outcomes.
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KEY MESSAGES

« Patients aged 90 or older who undergo vascular
surgery procedures for chronic limb-threatening
ischaemia have reasonable short-term outcomes.

« At one year there is a high mortality of >40% for these
patients, which is comparable to those in this age
group treated for hip fracture.

» Appropriate risk/benefit conversations must take place
with patients at the time of decision to treat.

» Both endovascular and open revascularisation should
be considered.

Information on pre- or post-morbid functional status or quality of life
was also not available, although discharge destination was used as
the next best outcome measure. The study period is long and
encompasses many advances in endovascular technology. These
may lead to better outcomes for endovascular procedures in the
current environment than we have described.

Conclusions

Mortality following vascular surgical interventions for chronic limb-
threatening ischaemia in patients aged 90 or over is high, with a
mortality rate of 44.4% at 1 year and a median life expectancy of
1.19 years in those deemed fit enough to undergo intervention.
These data are similar to those for patients over the age of 90
undergoing surgical interventions for hip fractures. Considering the
benefits of vascular surgery — including pain relief, retention of
functional status and ability to maintain independence — these
patients should be considered for limb salvage with both
endovascular and open revascularisation in appropriate patients.
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Plain English Summary

Why we undertook the work: Diabetes is estimated to affect over 5 million adults in the UK with a quarter
developing a foot ulcer in their lifetime. 80% of people having their foot or leg amputated do so due to
progressing diabetic foot ulcers. The associated cost to the NHS is around £1 billion per year. There are
currently several scoring systems to help identify patients with the highest risk of amputation, the most
commonly used being the Site, Ischaemia, Neuropathy, Bacterial infection and Depth (SINBAD) score. We
compared a newer staging system (Wound, Ischaemia, foot Infection; WIfl) with the SINBAD to see if it more
accurately predicts outcomes including amputation.

What we did: We reviewed the notes of patients who had been seen in our diabetic foot clinic over the 2 years
from 2016 to 2018. People who had had a blood pressure measurement taken in the toe on the foot of their foot
ulcer were eligible. We compared their eventual outcomes with their SINBAD score and their WIfl stage.

What we found: We found that WIfl stage 1-4 correlated better with time to healing, with stage 1 having the
shortest time and stage 4 having the longest time. This was not the case with SINBAD severity. We found that a
higher WIfl stage showed increased risk of foot/leg amputation at 1 year, whereas this did not change with
SINBAD severity.

What this means: The WIfl stage more accurately predicted time to healing and gave a better idea of which
patients will succumb to amputation at 1 year. This will help in several ways; it will allow patients to better
understand their disease as well as providing a common language for future research to discuss different types
of ulcers and their treatment.

Abstract

Background: The prevalence of diabetes is estimated to be over 5 million adults in the UK.
Diabetic foot care is estimated to cost the NHS ~£1 billion per annum, meaning that diabetic
foot ulcers (DFUs) are an increasing topic of discussion. It is estimated that reducing the
prevalence of DFUs by a third could save the NHS up to £250 million annually. The Society of
Vascular Surgery Wound, Ischaemia, foot Infection (WIfl) stage stratifies the risk of amputation
and benefit of revascularisation in patients with threatened lower limbs and has been
extensively validated in patients with chronic limb-threatening ischaemia, yet data on cohorts
with diabetic foot ulcers in the UK remain scarce. The aim of this project was to compare the
WIfl stage with the currently used Site, Ischaemia, Neuropathy, Bacterial infection and Depth
(SINBAD) score in order to stratify risk in patients with DFUs.

Methods: The electronic case record (ECR) of eligible cases was reviewed retrospectively
between February 2016 and March 2018. All patients with a recorded opening toe pressure
were included. SINBAD score was taken from an ECR proforma and WIfl stage was calculated
from ECR notes. The patients were followed up using electronic case notes.

Results: 119 patients with 129 foot wounds were included. WIfl stages predicted time to ulcer
healing (p=0.04) whereas the trend for SINBAD severity did not reach significance (p=0.08).
WIfl stages correlated with the proportion of patients with any minor/major ipsilateral lower limb
amputation at 1 year (p=0.03) and minor amputation at 1 year (p=0.04), whilst SINBAD
severity did not (p=0.95 and p=0.90, respectively).

Conclusions: WIfl more accurately predicts time to healing than SINBAD severity. WIfl
predicted amputation risk at 1 year but SINBAD did not. WIfl more accurately predicts risk of
minor amputation.

Key words: DFU, foot ulcer, diabetes mellitus, amputation, WIfl
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Introduction
Diabetic foot ulcers (DFUs) are a common complication of diabetes,
preceding over 80% of lower limb amputations in the UK." It is
estimated that by 2025 more than 5 million people will have diabetes
in the UK, with DFUs estimated to affect 25% of this population.'?

There are several validated DFU classification systems that aim
to provide risk stratification and enable comparisons of outcomes
between groups of patients.® Some systems address ischaemia to
varying degrees as a contributing factor to amputations but are
poor in reflecting other components that increase the risk of
amputation.®# Currently, the SINBAD (Site, Ischaemia, Neuropathy,
Bacterial infection and Depth) score is the most widely used in the
UK and is a key component of the National Diabetes Foot Care
Audit (NDFA), and has been well validated for wound healing and
risk of amputation.®

The Society for Vascular Surgery Wound, Ischaemia, foot
Infection (WIfl) classification system was designed to assist
stratification of amputation risk and benefit from revascularisation in
patients with a threatened lower extremity.* The WIfl system uses
wound, ischaemia and foot infection analogous to the tumour, node,
metastasis (TNM) staging system in cancer and has since been
established in several studies to correlate with wound healing time
and amputation in patients with chronic limb-threatening ischaemia
(CLT1),58 but its validity in cohorts of patients with DFUs is less well
established.310

Background

Why are DFUs a problem?

Diabetic foot care is estimated to cost the NHS £1 billion per
annum.' Further research has revealed the mean cost of managing
a single DFU over 12 months from initial presentation is £7,800,
rising to £8,800 per unhealed DFU and £16,900 per amputated
ulcer. DFUs significantly impact quality of life and survival. Data
published by Diabetes UK suggest that four in 10 people who have
a foot ulcer will die within 5 years and around half of those that
experience a major amputation will die within 2 years."
Improvements in wound care and lowering amputation rates
significantly reduces the disease burden on the NHS. It is estimated
that reducing the prevalence of DFUs by a third could save the NHS
up to £250 million annually.'? This highlights clear clinical and
economic benefits in improving outcomes.

Common DFU classification systems used in the UK include:
The University of Texas Diabetic Foot Ulcer classification system
(UT); PEDIS (Perfusion, Extent, Depth, Infection and Sensation)
and SINBAD, the latter of which is the most widely used in the
UK.34 More recently, WIfl has been introduced which may better
quantify risk of amputation and also guide need for
revascularisation.

The SINBAD score is used in the NDFA in the UK and has
been shown to correlate well with wound healing time in UK
populations.>' The SINBAD score is calculated as shown in Table 1.

WIfl scoring. Williams P et al

Table 1 The Site, Ischaemia, Neuropathy, Bacterial infection and
Depth (SINBAD) system for classifying foot ulcers

Category Definition SINBAD
score
Site Forefoot 0
Midfoot and hindfoot 1
Ischaemia Pedal blood flow intact: at least one palpable foot pulse 0
Clinical evidence of reduced pedal blood flow 1
Neuropathy Protective sensation intact 0
Protective sensation lost 1
Bacterial None 0
infection Present 1
Area Ulcer <1cm 0
Ulcer > 1cm 1
Depth Ulcer confined to skin and subcutaneous tissue 0
Ulcer reaching muscle, tendon or deeper 1
Total score /6

This table shows the SINBAD classification system adapted from Ince et al.>

A score of >3 signifies a high-risk ulcer. In a worldwide
population, risk stratification of ulcers is correlated with healing
time.® However, the SINBAD score does not give weight to the
major factors affecting limb loss and revascularisation. SINBAD fails
to account for the complex relationship between infection,
ischaemia and wound healing.

The WIfl scoring system was initially developed for CLTI,
specifically in the diabetic patient.*7 It aimed to move away from
CLTI being defined by perfusion pressures alone.' WiIfl also aimed
to treat the ischaemic aspect of foot ulcers as a continuum.™ It is
calculated as shown in Table 2.

This then calculates a clinical stage which correlates to major
amputation risk and revascularisation benefit as shown in Table 3.7-'°

Given the limited data to validate WIfl in people with DFU,
particularly in the UK, this project aimed to compare healing time,
risk of amputation at 1 year and time free from amputation between
both the SINBAD and WIfl systems.

Objectives

The objective of this study was to compare the SINBAD and WIfl
classification systems in the risk stratification of DFUs. The primary
outcomes were comparison of the proportion of patients
undergoing amputation at 1 year between WIfl stages and high-risk
and low-risk severity groups for the SINBAD score, and comparison
of ulcer healing time between WIfl stages and SINBAD severity
groups. The secondary outcome measure was the proportion of
patients undergoing minor amputation between SINBAD severity
groups and WIfl stages.

Methods
The study was performed in a tertiary referral diabetes limb salvage
service (DLSS) at Leeds Teaching Hospitals NHS Trust. The study
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Table 2 Wound, Ischaemia, foot Infection (WIfl) scoring
classification system

WIfl scoring. Williams P et al

Table 3 Wound, Ischaemia, foot Infection (WIfl) clinical stage
associated with amputation risk and revascularisation benefit

Stage Major amputation risk at Revascularisation
Ulcer Gangrene score 1 year (estimated %) benefit score
No ulcer None 0 ! 23 Very low
Small shallow (subcutaneous) ~ None 1 2 8-9 Low
Deeper (tendon or muscle) Gangrenous changes to limited digits 2 3 25 Moderate
Extensive (extending to bone) Extensive gangrene 5 4 50 High

ABPI Toe pressure Ankle systolic pressure  score
>0.8 >60 mmHg >100 mmHg 0
0.79-0.6 40-50 mmHg 70-100 mmHg 1
0.59-0.4 30-39 mmHg 50-70 mmHg 2
<0.39 <30 mmHg <50 mmHg 3
Ulcer score
No signs or symptoms of infection 0
Local infection involving skin and subcutaneous

tissue only (<2 cm erythema) 1

Local infection involving deeper structures or with >2 cm erythema
(ie, osteomyelitis)

As above with SIRS response

This table shows the WIfl classification scoring system derived from Mills et al.*

was registered and approved by the local Caldicott guardian. All
patients with DFUs in the referral territory of the hospital are
encouraged to be referred to the DLSS service for assessment and
management. A DFU was defined as a break of the skin that
involves the epidermis and part of the dermis below the level of the
malleoli.™ At the time of the study, all patients were assessed with
pulse palpation and audible handheld Doppler signal at first visit,
along with 10G monofilament testing for neuropathy and ulcer
assessment. Patients with palpable pulses or multiphasic handheld
Doppler signals were deemed neuropathic and did not receive
perfusion assessment. Further vascular assessment with toe
pressures was only performed in the presence of peripheral artery
disease detected with pulse and handheld Doppler assessment, or
where the ulcer failed to reach a healing trajectory at 4 weeks. Toe
pressures were performed using a commercially available device
(Huntleigh, Dopplex ATP). The technique of toe pressure
assessment has been well validated in other research so was not
validated further in this study. Thus, the patients included in this
study are ‘harder to heal’ than all comers attending the DLSS clinic.
All ulcers were managed with ulcer bed debridement, dressings,
offloading footwear and management of infection if present. Healing
was defined as complete epithelialisation without discharge
maintained® as determined by the DLSS clinical team.

All patients with an opening toe pressure, diabetes and a foot
ulcer for more than 4 weeks duration presenting between February

JOURNAL OF VASCULAR SOCIETIES GREAT BRITAIN & IRELAND

This table shows the clinical stages calculated from the WIfl system and how the stages are
associated with amputation risk and revascularisation benefit.

Table 4 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

(all patients attending foot clinic with)

Death/loss to follow-up before
meeting one of the study end points

Validated toe pressure

Complete healing at any duration Non-diabetic foot pathology

identified at first contact

Need for minor/major
amputation at first visit to clinic

2016 and March 2018 were retrospectively analysed using
electronic case notes. The inclusion and exclusion criteria are
shown in Table 4.

The SINBAD score was taken from the NDFA proforma of the
case notes and the WIfl stage was calculated from data in the
clinical records.

Statistics

The SPSS statistical package IBM SPSS Statistics for Windows,
Version 25.0 (IBM Corp, Armonk, New York, USA) was used to
perform all analyses. Differences in proportions were performed
using a ¥° test, as were the comparisons for any amputation at 1
year and minor amputation. Due to the small number of major
amputations, Fisher’s exact test was used to compare proportions.
HbA,. was normally distributed and compared using one-way
ANOVA. Time to event analyses were created using Kaplan—Meier
survival curves with Cox regression. Time to event analyses
followed patients up to 120 weeks for wound healing.

Risk stratification

In order to allow effective comparison between the two scoring
systems and address the small number of patients within the higher
number of groupings in the SINBAD score, we stratified the
population into high severity and low severity groups based on their
SINBAD score.® Scores of 0-2 were defined as low severity and
scores of 3-6 were defined as high severity. With respect to WIfl
stage, patients were grouped based on their stage at

presentation.
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Table 5 Patient demographics and co-morbidities

Variable  Overall ~ WIfl 1 WIfl 2 WIfl 3 WIfl 4 P value
n=129 n=43 n=13 n=41 n=32
Male 79 (66%) 30 (70%) 6 (46%) 23 (58%) 20 (61%) NS
IHD 56 (47%) 24 (56%) 4 (31%) 15(37.5%) 13 (39%) NS
CVA 19 (16%) 6 (14%) 2 (15%) 6 (15%) 5(15%) NS
HTN 63 (53%) 21 (49%) 7 (54%) 20 (50%) 15 (45%) NS
CKD 21 (18%) 6 (14%)  3(23%) 8 (20%) 4(12%) NS
PAD 38(32%) 9(21%) 3 (23%) 12 (30%) 14 (42%) NS
Smoking 78 (66%) 26 (60%) 5(38%) 24 (60%) 23 (70%) NS
history
MeantSE  64.8#1.9 68.3t3.2 56.4:6.3 60.7+3 67.1+41 NS
HbA1¢ (<3)

CKD, chronic kidney disease; CVA, cerebrovascular accident; HTN, hypertension;
IHD, ischaemic heart disease; PAD, peripheral artery disease; WIfl, Wound, Ischaemia,
foot Infection.

Results
The study included 119 patients with 129 DFUs, with a mean age of
72+12 years and a male to female distribution of 66% vs 34%; 33%
(n=43) of ulcers were WIfl stage 1, 10% (n=13) stage 2, 32%
(n=41) stage 3 and 25% (n=32) stage 4 at presentation. The
SINBAD score put 3% (n=4) in stage 0, 6% (n=8) in stage 1, 31%
(n=40) in stage 2, 38% (n=50) in stage 3, 14% (n=18) in stage 4
and 7% (n=9) in stage 5.

The rates of ischaemic heart disease, cerebrovascular
accident, hypertension, chronic kidney disease and HbA levels
were evenly distributed between WIfl stages (Table 5).

Time to ulcer healing

WIfl stage was associated with a significant increase in time to ulcer
healing from stage 1 to stage 4 (p=0.04; Figure 1). Whilst a similar
trend was seen with SINBAD severity, this did not reach
significance (p=0.08; Figure 2).

Amputation at 1 year

There were 30 amputations during the 1-year period with seven
being major, defined as any amputation at a level higher than the
ankle. The remaining 23 were minor amputations. For the analysis
on any (combined major or minor) amputation at 1 year, patients
undergoing major and minor amputation on the same limb were
considered as one amputation event.

There was an increasing proportion of patients undergoing any
amputation within 1 year with increasing WIfl stage (p=0.03) whilst
there was no correlation with SINBAD (p=0.095). There was a trend
towards an increased rate of major amputation with increased Wifl
stage which failed to reach statistical significance (p=0.09), whilst
the increase in proportion of patients undergoing minor amputation
with increase in WIfl stage was significant (p=0.04). There was no
clear differentiation of any category of amputation with change in
SINBAD severity (Table 6; Figures 3 and 4).

WIfl scoring. Williams P et al

Figure 1 Time to ulcer healing with Wound, Ischaemia, foot
Infection (WIfl) stage.
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Figure 2 Time to ulcer healing with Site, Ischaemia, Neuropathy,
Bacterial infection and Depth (SINBAD) severity.
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Discussion

The Society for Vascular Surgery WIfl stage has been shown to
correlate well with healing time and amputation risk in a mixed
cohort of patients with CLTI. It has previously been shown to
correlate well with time to ulcer healing in a homogenous DFU
population in the USA.° Here we report the first UK-based data to
show that WIfl stage both correlates with time to wound healing and
predicts amputation at 1 year in a DFU population. This is in
keeping with the wider literature when applied to more
heterogeneous populations.

The major amputation rate for our institution was 0% for both
stage 1 and 2, 8% at stage 3 and 12% at stage 4. This is in
contrast to the initial WIfl study in 2015 where a considerably wider
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Table 6 Proportion of amputations

WIfl 1 WIfl2  WIfl3 WIfl4  Low-risk  High-risk
n=43 n=13 n=40 n=33 SINBAD  SINBAD
(0-2) (3-6)
n=52 n=77
Combined 4(9%) 2 (15%) 9 (23%) 12 (36%) 11 (21%) 16 (21%)
major/minor
amputations
Major 0(0%) 0(0%) 3(8%) 4(12%) 3 (6%) 4 (5%)
amputations
Minor 4(9%) 2 (15%) 6 (15%) 11(33%) 9 (17%) 14 (18%)
amputations

SINBAD, Site, Ischaemia, Neuropathy, Bacterial infection and Depth; WIfl, Wound, Ischaemia,
foot Infection.

variation in amputation rates was seen across WIfl scores (from 0%
at stage 1 to 64% at stage 4).° Earlier studies have found
amputation rates up to 90% in stage 4 patients.” Our findings are
more in keeping with Robinson et al who studied a pure DFU
cohort.? The difference in results is likely due to a combination of
two factors: differences in patient population and the ethos of the
DLSS. Firstly, Zhan et al studied patients with CTLI which is a
narrower and more severe spectrum of presentation than the data
presented in this study. All of their patients were considered to have
threatened limbs whilst our population included less severe disease.
This would account for their higher rate of major amputation,
especially in the highest risk groups. Second, the DLSS at our
institution uses a multidisciplinary team approach to address not
just the ulcer at hand but other systemic exacerbating or causative
factors. Internationally this approach has been shown to reduce
numbers of major amputations in DFU populations compared with
care being delivered by vascular surgeons alone.®

Although we did not report a significant difference in major
amputation rates between WIfl stages, there was a trend towards
major amputation in the higher stages. Taking this in the context of
the wider literature,®° this likely represents type 2 error given the
small number of major amputations taking place in this cohort. We
also report a significant correlation between WIfl score and minor
amputation at any time (p=0.04). This is the first time this has been
observed using the WIfl score in a DFU population, with the low-risk
group having an 11% risk whilst the high-risk group had a 30% risk.
For the purpose of this study, we defined minor amputation as any
amputation below the ankle. These data could act as a baseline
measurement for community teams trying to reduce the morbidity
caused by DFUs in future studies.

We took the opportunity to compare the WIfl staging against the
SINBAD score, which is currently the most widely used
classification in the UK. Our findings would suggest that the WiIfl
stage is valid in a pure DFU cohort but, further to this, it is better at
predicting outcomes than the SINBAD score in a cohort of patients
with hard to heal DFUs in a specialist clinic. However, it should be
recognised that 69% of ulcers in this study were evenly distributed
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Figure 3 Time free from any amputation with Wound, Ischaemia,
foot Infection (WIfl) stage.
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Figure 4 Time free from any amputation with Site, Ischaemia,
Neuropathy, Bacterial infection and Depth (SINBAD) severity.
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between SINBAD scores 2 and 3, and the lack of a wide
distribution of the ulcers across the range of SINBAD scores may in
part account for the reduced differentiation in clinical outcomes
associated with SINBAD severity in this study. The SINBAD score
has proved to be a useful tool in evaluating DFUs, but where regular
and consistent access to expert DLSS exists, the more objective
measures required for WIfl should be undertaken to give better and
more reliable prognostic information to patients and to better
identify those patients who would benefit from early
revascularisation.

There are limitations to this study. It is retrospective and
therefore at risk of selection and observer bias. The study only
includes those patients who had an objective measure of perfusion
pressure and has therefore sub-selected a population who are likely
to have harder to heal ulcers than the general population attending
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KEY MESSAGES

* In a cohort of patients with DFU, WIfl stage correlates
with risk of any amputation at 1 year whilst SINBAD
severity does not.

»  WIfl stage correlates with minor amputations over time
whilst SINBAD severity does not.

»  WIfl stage shows better correlation with time to ulcer
healing than SINBAD severity.

our clinic. Therefore, there needs to be some caution about the
generalisability of these data, although it would be expected that
the differentiation between low- and high-risk patients would be
greater for both classification systems in a full patient cohort which
would have a higher proportion of low-risk ulcers and better
associated outcomes. There is inter-rater variability in WIfl and
SINBAD in that the former was recorded retrospectively and the
latter calculated prospectively by different clinicians using
retrospective data. The absolute number of major amputations
was small (n=7), which could affect the reliability of the
measurements. However, our outcome is in keeping with the
wider literature.®

Conclusion

This is the first study in a UK diabetic foot cohort to show that Wifl
stage correlates with increased risk of amputation at 1 year. It also
shows that WIfl better predicts time to healing than the SINBAD
score. Despite the limitations of this study, it has shown the WiIfl
stage to be a valid tool for risk stratification in patients with a DFU in
a UK population and should be widely adopted to the benefit of
patients. The next stage in research would be a larger prospective
cohort study examining outcomes and correlating them with the
scoring system at presentation and eventual resolution of disease.
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Plain English Summary

Why we undertook the work: Carotid endarterectomy (CEA) is a surgery performed to reduce the risk of stroke
by clearing clot-causing debris out of one of the main arteries responsible for bringing blood to the brain. The
timing of CEA is critical in patients who have already had a stroke or a mini-stroke. The best evidence indicates
CEA should be done within two weeks to minimise the risk of patients going on to have another, potentially
larger, stroke. However, getting the surgery done inside this short window is difficult for multiple reasons.

What we did: We reviewed the electronic medical records of consecutive patients who underwent CEA at our
hospital after having a stroke or a mini-stroke between January 2017 and December 2019. We looked at how
many patients had their surgery within two weeks of their symptoms starting, and at the reasons why some
surgeries got delayed.

What we found: One-hundred and twenty-four individual patients were included in the study. We found that just
over half of all patients had their surgery within 14 days of their first symptom. Patients who experienced typical
stroke signs, as described in the ‘Face Arms Speech Time’ (FAST) mnemonic, were more likely to have their
surgery in time; this is largely because they came to hospital sooner. Furthermore, patients who came directly to
our hospital, compared with smaller district hospitals without vascular surgeons, were more likely to have their
surgery on time.

What this means: Our study shows the number of patients getting their CEA within 14 days at our hospital is
comparable to national figures from the UK and Australia. Despite this, a significant number of patients waited
over 14 days for surgery. To improve access to timely surgery, systems between hospitals need to be put in
place to prioritise these patients. The 14-day target should be mandated as part of the national stroke
management strategy.

Abstract

Introduction: Carotid endarterectomy (CEA) is the accepted treatment for stroke risk reduction
in patients with symptomatic 50-99% carotid artery stenosis. Best practice guidelines
recommend surgery be performed within 14 days of index symptoms to achieve maximum
benefit; however, achieving this target can be difficult. Late presentation and presentation to
hospitals without onsite vascular capabilities are two recurring reasons for delayed CEA across
the literature.

Methods: All symptomatic CEAs performed between January 2017 and December 2019 were
retrospectively extracted from an electronic institutional database and analysed to determine
the proportion of CEAs meeting benchmark targets and to assess factors contributing to
delays.

Results: A total of 124 CEAs were performed for 62 strokes and 62 transient ischaemic
attacks (TIAs); 71.8% (n=89) were male and the median (range) age was 71.0 years (43-88).
The median delay between initial symptom and CEA was 14 days (range 1-183). Sixty-six
patients (55%) had surgery within 14 days of the index symptom. Patients presenting with
‘Face Arms Speech Time’ (FAST) symptoms were significantly more likely to undergo timely
CEA, largely due to earlier presentation to hospital (p=0.021, OR 2.563, 95% CI 1.143 to
5.747). Presentation directly to a tertiary vascular centre was significantly associated with
CEA within 14 days compared with referrals from external hospitals (p=0.002), with a

median symptom-to-surgery interval of 12.0 days and 25.0 days, respectively (p=0.001)
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Conclusions: Our results are comparable to UK and Australian national audits, although a
significant number of CEAs fell outside the 14-day target. Protected pathways between
referring hospitals and vascular centres are needed to ensure all patients have equal access to
urgent CEA. Designating CEA within 14 days as a key performance indicator for stroke
management will hopefully incentivise hospitals to expedite this high-risk cohort. Furthermore,
re-auditing with an emphasis on patients turned down for intervention due to recurrent events
while awaiting CEA may further highlight the need to prioritise symptomatic carotids.

Key words: carotid endarterectomy, symptomatic carotid stenosis, stroke management,
key performance indicators

Introduction
Carotid endarterectomy (CEA) for symptomatic stenosis is most
effective when performed close to the index event.’2 To reduce the
risk of further neurological events, the best practice guidelines
issued by several international vascular societies all recommend that
CEA be performed within 14 days of the initial symptoms.®#
However, meeting this target can prove difficult without dedicated
resources.>® Multiple studies have shown that later presentation to
an acute hospital and increased numbers of medical practitioners
involved in the patient journey cause delays between symptoms and
surgery.®'© Conversely, hospitals with streamlined referral pathways
or transient ischaemic attack (TIA) clinics with protected access to
diagnostic imaging and vascular surgeons consistently report
shorter intervals from presentation to CEA.""4

At present in Ireland there are no national guidelines enforcing
the timing of CEA for symptomatic stenosis; CEA within 14 days of
an ischaemic event is not an audited key performance indicator
(KPI) for stroke management and vascular surgery procedural data
is not recorded in a centralised database. As such, the available
data on how Irish patients with symptomatic carotid disease
compare with international best practice is limited. Based on
published figures from two other urban vascular units, we estimate
50-67% of Irish patients with symptomatic carotid disease undergo
CEA within 14 days."'6 This is comparable to 60% of cases
meeting the target reported in the UK National Vascular Registry
2019 Annual Report and 56% in the 2018 Australasian Vascular
Audit Public Report.'”18

We report a three-year review of all symptomatic CEAs
performed at a single urban university hospital with a large
catchment area for tertiary vascular referrals. The aim was to
determine how many patients met the benchmark 14-day target
for CEA and to determine factors contributing to delays.

Methods

This was a single-centre retrospective case series of consecutive
CEAs for symptomatic stenosis at a university-affiliated tertiary
referral hospital between 1 January 2017 and 31 December 2019.
During the study period, 192 CEAs were performed. All
asymptomatic cases (n=66) and two symptomatic cases who were
inpatients at the time of the index event were excluded. In total, the
study included 124 patients.

Symptomatic carotid artery stenosis has previously been
defined by the Society for Vascular Surgery’s reporting standards
for carotid interventions.™ The degree of stenosis was determined
using the North American Symptomatic Carotid Endarterectomy
Trial (NASCET) duplex criteria, where 50-99% was considered
significant.?® The decision to operate was largely based on duplex
findings and preoperative CT angiograms were almost exclusively
ordered by stroke physicians as part of a ‘FAST Call’ stroke protocol
in radiology. When preoperative CT angiography was equivocal,
duplex ultrasound performed by a vascular physiologist at the
vascular centre was used to make the final decision. For this study,
the index symptom was defined as the first neurological event, not
the most recent event or the event that prompted the patient to
seek medical attention.

The study centre has an immediate catchment area of
approximately 185,000 urban adults. The vascular department is
the dedicated referral centre for the three satellite hospitals within
the hospital group. Established referral pathways for CEA include
in-house consultations from the stroke service, who operate a
weekday rapid-access TIA clinic; direct referral from a consultant
physician within the hospital group; and indirect referral to the
vascular laboratory for carotid duplex ultrasound. Further referrals
were also received from the ophthalmology service, general
practitioners and consultant physicians outside the hospital group.
All procedures were performed at the vascular centre under
general anaesthetic by one of three consultant vascular surgeons.
The vast majority of cases were performed on one of the three-
weekly scheduled vascular theatre lists, with occasional use of the
shared emergency theatre facilities. All patients were initially
recovered in the High Dependency Unit, as per local protocol.

Data collection and patient selection criteria

Creation of a local database for CEA was approved by the
institution’s ethics committee. All patients who underwent CEA
between January 2017 and December 2019 were identified from
electronic theatre logs and retrospectively entered into the
database. Demographic characteristics, comorbidities, smoking
status and carotid imaging were documented. Defined timepoints
along the patient journey from symptom onset to surgery were
recorded (see Figure 1). For patients referred from external
hospitals, date of outpatient appointment and/or transfer to the
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Figure 1 Graphical representation of the major clinical milestones along the patient journey from symptom onset to carotid surgery.

Date of Date of
Symptom transfer to
Onset Mater Hospital

vascular centre were also recorded. Medical records were

Table 1 Tabulation of patient demographics, risk factors,

examined for documented causes of surgical delays. presenting symptoms and preoperative imaging.
Outcomes n %
Outcomes were reported as per the standards published by the Median (range) age (years) 71.0 (43-88)
Society for Vascular Surgery.’® The primary outcome was the Viale 89 18
overall percentage of symptomatic CEAs performed within the ,
recommended 14-day timeframe. Secondary outcomes included Hypertension % i
. . . Hyperlipidaemia 65 524
the median time from symptoms to surgery by referral site and
30-day mortality, stroke and morbidity rates. DIEIBEES TGl g e
Previous TIA+CVA 25 20.2
Statistical analysis Peripheral arterial disease 16 12.9
All data was analysed using Statistical Package for the Social Smoking history (activexex-smokers) 60+24 69.8+27.9
Sciences (SPSS) software Version 24.0 (IBM Corp, Armonk, New Neurological event
York, USA). Normally distributed continuous data was expressed as Stroke 62 50
mean + standard deviation (SD), while median (range) was used to TIA 34 274
describe abnormally distributed continuous data. Categorical Amaurosis fugax 28 22.6
variables were presented as count and percent. Time intervals were Thrombolysis for acute ischaemic stroke (n=62) 15 24.2%
characterised using median (range) days. Chi-square tests and Presenting Symptoms
odds ratio were used to analyse categorical variables. The Mann— Any ‘FAST' symptom* 88 7.0
Whitney U test and Kruskal-Wallis test were used to analyse - Limb paraesthesia/weakness/paresis 72 58.5
non-parametric data. The level of statistical significance for null - Facial asymmetry 23 18.5
hypothesis testing was p<0.05. - Speech pathology 33 26.6
Ocular symptoms 42 33.9
Results Atypical 4 3.2
CT angiography carotids 7 62.1
Demographic characteristics and presenting symptoms % Stenosis symptomatic side (Duplex)
Demographics, risk factors, imaging and clinical symptoms are 90-99% 28 228
summarised in Table 1. Fifty percent (n=62) of the cohort had an 80-90% 35 285
acute infarct on neuroimaging. Seventy percent (n=88) had at least 70-80% 30 244
one presenting symptom described in the ‘Face Arm Speech Time’ 50-69% 30 24.4
(FAST) mnemonic. Twenty-eight patients (22.5%) presented with
isolated ocular symptoms, while a further 14 patients had both
amaurosis fugax and cerebral hemispheric symptoms. Table 2 Tabulation of route of referral to the tertiary vascular
centre, either to the emergency department or directly to the
Referral source to the tertiary vascular centre stroke or vascular service by an external hospital.
The route of referral to the vascular centre is shown in Table 2. Route to referral to the tertiary vascular centre (n=124) noo%
Seventy-three patients (59%) presented directly to the vascular
centre, while the remaining 51 patients (41%) initially presented to Self-referral to vascular centre emergency department (ED) 0 24
an external hospital. The source of vascular surgery referral is Referred by general practitioner to vascular centre ED 30 24
shown in Table 3. Of the 51 external referrals, 15 patients were Referred by medical outpatients at vascular centre 13 11
transferred to the vascular centre under the stroke service, who Referred by external hospital 51 41

subsequently made an in-house vascular referral. The remaining
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Table 3 Tabulation of routes of referral to vascular surgery 36 external patients were referred directly to the vascular service
service at the tertiary referral centre. by an outside hospital.

Source of referral to vascular service (n=124) S t to CEA ting the 14-dav t t
ymptoms to - meeting the -aay targe

0,
i, b Time from index symptom to surgery was available for 123 patients.
S Sy 89 70 Fifty-four percent l(n:66/ 123) of patients had their CEA W|th|n the
v ———— | > - 14-day target period, 78% (n=96/123) had surgery within 14 days
] of presentation to any hospital and 84% (n=103/123) within 14
O O ! g days of review by a vascular surgeon. However, 27.6% (n=34/123)
Referral from ophthalmology service at vascular centre 6 6.5

waited at least 28 days between the index event and CEA. The
median interval between symptom onset and CEA was 14 days
(range 2-183).

Table 4 Breakdown of time (median days) between onset of

neurological event and presentation to an acute hospital by Delays between symptom onset and acute hospital
presenting symptoms and site of referral. A Kruskall-Wallis test presentation
was used to determine statistical significance between median The median delay between symptom onset and hospital

delays for three non-parametric variables and Mann-Whitney
U tests were used to assess significance between two
non-parametric variables.

presentation was 2 days (range 0-180). Forty-six patients (37.4%)
sought medical attention on the day of the index symptom. Table 4
shows how symptom type impacted pre-hospital delays. Patients

Interval between symptom onset and acute hospital presentation (n=123) with ‘FAST’ symptoms were significantly more likely to present to an
n Median (range) days P value acute hospital in a timely fashion (p<0.001). There was no
significant difference in time from symptoms to hospital
Total 123 2 (0-180) presentation between internal and external referrals (p=0.165).
Neurological event
Stroke 62 0 (0-30)

Delays between hospital admission and surgery

maurosis T gi 2 1((2;??23 ) <0001 The hospital to which patients initially presented significantly
TAST 3 impacted the timing of CEA. Aimost two-thirds of patients (62.5%,
Yes SIS 88 1 (0-66) n=55/88) who presented directly to the vascular centre underwent
No 5 11 (0-180) <0.001 CEA within 14 days compared with 31% of patients (n=11/35)
Ocular symptoms referred from external hospitals (OR 3.63, 95% Cl 1.58 to 8.37,
Yes M 13 (0-180) 0001 p=0.002). The median symptoms-to-surgery interval was 12 days
No 82 1(0-38) : for vascular centre presentations and 25 days for presentations to

external hospitals (p=0.001). Figure 2 demonstrates how external
referrals persistently encountered significantly longer delays at
various discrete milestones along the journey from symptoms to

. . surgery. The median wait between vascular centre admission to
Of note, some patients had multiple reasons for delayed gery.

intervention. The initial cause for significant delay is reflected CEAwas 5 days (range 0-19). The majority of CEAs were
here. scheduled on an elective vascular list (n=115, 93.5%). Table 5

outlines the primary cause for delayed CEA across the cohort.

Table 5 Tabulation of documented reasons for delay to surgery.

Reason for delay (n=58)

% Perioperative complications and mortality

The 30-day stroke and mortality rates were 4.0% (n=5) and 1.6%
(n=2), respectively. Both deaths were due to major perioperative

2 strokes and occurred on the third postoperative day. Four patients
: (3.2%) had postoperative neck haematomas requiring re-

g exploration in theatre. Six patients (4.8%) had a transient nerve
3

3

3

Initial presentation to medical services >14 days after symptom onset 25

Patient abroad at time of symptom onset

Patient attending stroke rehabilitation

Patient DNA to clinic or initially declined surgery

TIA not initially suspected palsy postoperatively, including two recurrent laryngeal and four

hypoglossal traction injuries.

Initial imaging incongruous/suggestive of occlusion

Delay in referral to vascular surgery

Delay in transferring patient/admission to vascular centre 10 Discussion

Waiting for next available vascular list 6 Best practice guidelines clearly recommend that CEA for
symptomatic carotid artery stenosis be performed within 14 days of
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Figure 2 Graphical representation of delays (median days) between discrete time periods along the patient journey from symptoms to
CEA, broken down into internal (from within the Mater Hospital) and external (from external hospitals) referrals to the vascular service.

30
*0.001

25
25+

20

154

Median Days between Time Points

* indicates statistical significance detemined by Mann-Whitney U tests

. Internal referrals

[l External referrals

54
0 " " :
Symptoms to Symptoms to Symptoms to Acute hospital Acute hospital Acute hospital Vascular
CEA acute hospital Mater Hospital admission to admission to admission to contact to
admission admission carotid duplex US vascular contact CEA CEA
Patient Journey

the initial ischaemic event, when the risk of further cerebrovascular
accident is highest.?" Over three years in our unit, 54% (n=66/123)
of symptomatic carotids met this target. Although outside the scope
of this paper, general advice is that CEA within 48 hours of TIA is
safe.?? In our cohort only one of 62 CEAs (1.6%) met this target;
however, only eight patients presented to hospital expediently
enough for TIA within 48 hours to be feasible. While this study
treads on well-travelled ground by investigating delays to CEA, the
specific strengths and weaknesses of the Irish healthcare system in
managing this high-risk patient cohort have not been fully explored
or addressed.

Pre-hospital delays

Consistent with the existing literature, the two main factors
contributing to delays identified in this paper were late presentation
to hospital by patients and the protracted referral process between
external hospitals and the vascular centre.”® The speed of
presentation was affected by symptom type. ‘FAST positive’ patients
had a significantly shorter interval between symptom onset and
hospital presentation than patients with ocular symptoms (1 vs 12
days, p<0.001).56.142324 Similarly, the initial site of presentation was
pivotal to achieving timely CEA. Direct presentation to a tertiary
hospital with onsite diagnostic and surgical facilities — a ‘one-stop
stroke shop’ — was significantly associated with a shorter
symptoms-to-CEA interval compared with patients referred in from
an outpatient setting or from satellite hospitals without a vascular
capability.610-121424-29 |n our cohort, 62% (n=55/89) of patients who
presented directly to the vascular centre underwent CEA within 14
days compared with 31% (n=11/35) of patients who initially
presented to an external hospital (p=0.002).
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External referrals encountered significant hospital-dependent
delays

The median delay from symptoms to CEA was 9 days for direct
presentations to the vascular centre compared with 25 days for
external referrals (p=0.001). There was no significant difference in
pre-hospital delays between the two cohorts (p=0.165). However,
the limited access to diagnostic imaging in external hospitals has
the knock-on effect of delayed identification of suitable candidates
for CEA, thereby delaying vascular consultation. Patients
subsequently deemed appropriate for surgical intervention had an
additional wait for transfer to the vascular centre. Bed availability
and local infection control policies often obstructed expeditated
transfer between hospitals, reflected by a median delay of 8 days
(range 0-27) between external hospital presentation and vascular
centre admission. Once admitted to the vascular centre, theatre
logistics accounted for 10% (n=6/58) of delays. As the vast majority
of cases (92.7%, n=115) were performed on elective lists with a
dedicated vascular anaesthetist, CEAs were competing against
similarly urgent aortic and lower limb cases and could not always be
prioritised.

‘Symptoms to surgery’ as key performance indicator for
stroke management

The sources of delay identified in our study are not unique to the
Irish setting. To drive sustained improvement, accurate national
data on the current state of service provision and active
participation from all the relevant stakeholders is necessary. To
achieve these goals, the 14-day target from symptoms to CEA
should be formalised as a KPI for stroke management across all
Irish hospitals and a national carotid registry should be established
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to facilitate regular audit of all participating vascular units. These
steps are essential to creating streamlined referral pathways to
adequately resourced tertiary vascular units. Further lessons can
be learnt from the management of hip fractures in Ireland, a
comparable time-critical surgical pathology. Repair within 48 hours
for all medically fit patients is an evidence-based Health Service
Executive-mandated KPI, and the Irish Hip Fracture Standards are
audited annually through the Irish Hip Fracture Database.* To
facilitate these meeting this target, a number of hospitals have
created multi-disciplinary ‘hip fracture pathways’ with dedicated
beds. A similar approach to symptomatic carotids is needed, with
ring-fenced beds in receiving vascular centres and prioritised
theatre access with weekly protected ‘vascular emergency’
sessions separate from elective lists.

Challenges with delayed diagnostic imaging for external
referrals

As the decision to proceed with CEA at our centre was largely
based on duplex ultrasound, ensuring the findings are reliable is
paramount. We noted that obtaining a carotid duplex took
significantly longer in external hospitals, with a median wait of 6
days between presentation and imaging. The scarcity of qualified
personnel to perform specialist carotid imaging creates a critical
bottleneck in the referral chain and presents a challenging resource
management issue. There are not enough vascular physiologists
nor is there sufficient workload to create a post in every hospital. To
navigate this, one hospital within the group funds a vascular
physiologist in our laboratory in exchange for expediated access;
however, the workload generated by a tertiary vascular centre is too
significant to extend this facility to all hospitals within the referral
group. In centres without a vascular laboratory, vascular ultrasound
can be performed by consultant radiologists. However, this requires
the radiologist to be comfortable reporting carotid duplexes and
consistent in their findings. Interestingly, having a CT angiogram
made no difference in time to vascular contact or time to CEA for
external referrals, as such introducing cross-sectional imaging for
all cases of suspected carotid stenosis as a means of reducing
delays would likely be an inefficient use of resources, as well as
unnecessarily exposing patients to radiation. Potentially, a solution
to reduce delays is to support radiologists and sonographers to
perform carotid duplex locally though training and an initial period of
performing a second quality assurance duplex at the vascular
centre to corroborate the findings. It will be interesting to re-audit
this target in a post-COVID landscape as the restrictions in patient
movement between centres created by the pandemic have pushed
hospitals to become more self-sufficient.

Limitations of study

The main limitation of this study is its retrospective nature. In
particular, we noticed that the occurrence of further neurological
symptoms while awaiting CEA was poorly documented. The only
readily accessible objective records of subsequent embolic events

Delays to CEA in an Irish vascular centre. Foley MP et al

KEY MESSAGES

» Aretrospective audit was undertaken of 124
consecutive symptomatic CEAs performed between
January 2017 and December 2019 at an Irish urban
university hospital.

*  54% (n=66) of patients underwent CEA within 14 days
of the initial embolic event.

« Consistent with the existing literature, delayed patient
presentation to an acute hospital and initial
presentation to an external hospital without vascular
capabilities were the main causes of delayed CEA.

*  We believe mandating the 14-day target for
symptomatic CEA as a national key performance
indicator for stroke management is needed to secure
adequate resources for this time-sensitive pathology.

for review were requests for further neurological imaging on the
shared National Integrated Medical Imaging System (NIMIS).
However, this likely would not capture TIAs and thus
underestimates the number of patients having recurrent events.
Furthermore, as the data was drawn from theatre records and not
electronic consult requests, we were unable to capture patients
who were potentially referred for CEA but ultimately turned down for
surgery. Admittedly, these limitations weaken the impetus to drive
service improvement as there is insufficient data to demonstrate
that the reported delays had a negative impact on patient
outcomes. Certainly, expanding a second prospective audit cycle to
encompass outcomes from all patients referred to the vascular
service for consideration of CEA would provide valuable additional
data.

Conclusions

Just over half the patients referred to our vascular unit with
symptomatic carotid disease underwent surgery within the
recommended 14-day timeframe. Delays in patient presentation
and delays associated with inter-hospital referrals were the two
most significant factors associated with missing this target. Specific
pathways between satellite hospitals and vascular centres need to
be developed to expediate the treatment of symptomatic carotids,
in particular expanding access to local diagnostics and protected
theatre space. While the scope of this review did not include
patients referred for CEA who ultimately did not undergo surgery,

it highlights the need for further research in this area of stroke care
provision in Ireland.
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Plain English Summary

Why we undertook the work: The UK National Institute for Health and Care Excellence published guidance for
unruptured abdominal aortic aneurysms (AAA) recommending vascular specialists “offer open surgical repair
unless it is contraindicated because of their abdominal co-pathology and/or medical comorbidities”. Uptake of
open AAA repair has since increased in the UK. This has been preceded by over a decade of worldwide
endovascular enthusiasm.

What we did: This study reviewed safety outcomes of open aortic surgeries with vascular surgical trainees as the
primary operator using retrospective analysis of prospectively accrued data.

What we found: We demonstrate that open aortic surgical training can be provided safely with trainees as
primary operator.

What this means: This is paramount for preserving open aortic surgical skills for the vascular surgeons of the
future.

Abstract

Objective: To review safety outcomes of open aortic surgeries with vascular surgical trainees
as the primary operator.

Methods: A retrospective analysis of prospectively accrued data was performed using our
departmental database, electronic patient records and the National Vascular Registry for all
elective open abdominal aortic aneurysms (AAA) (juxtarenal and infrarenal) repairs over 2
years between 1 January 2017 and 31 December 2018. Data on primary operator, training
level, number of surgeons, assistant training level, operation time, duration of ITU and hospital
stay, 30-day mortality, 1-year mortality and complications were obtained.

Results: During the study period 83 elective open AAA repairs were carried out. The primary
operator was a trainee in 46% (n=38) and a consultant in 54% (n=45). For trainees and
consultants, median operation time was 178 min vs 215 min (p=0.036), duration of ITU stay
was 1.5 days vs 2 days (p=0.270), duration of hospital stay was 5.6 days vs 6.8 days
(p=0.037), 30-day mortality was 0.0% vs 2.2% (p=0.932) and 1-year mortality was 0.0% vs
2.2% (p=0.932), respectively.

Conclusions: Safe surgical outcomes for open AAA repair can be achieved with vascular
surgical trainees as primary operators.

Key words: abdominal aortic aneurysm; open aortic repair; endovascular repair

Introduction

Over the last two decades the popularity of
endovascular abdominal aortic aneurysm (AAA)
repair (EVAR) has meant that vascular units have
begun to express concerns regarding the ability
of vascular trainees to acquire open aortic
surgical skills. In the USA, EVAR usage has been
reported to be >80% in some units.'? Trainees’
exposure to open AAA repair has fallen and

providing training for open repair is a particular
challenge." UK, US and European data show a
worryingly low level of exposure to open repair —
in some instances rates of open repair have
dropped by 80% during the last decade.® In the
UK, a 2016 survey of vascular trainees showed
only 5% of respondents had performed >15 open
repairs per year and 50% had done <5 open
repairs per year.® This is echoed by predictive
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modelling using US national databases which demonstrate a
dramatic decline in exposure to open repair amongst vascular
trainees.?

In the last few years the vascular community has been
presented with compelling evidence regarding the failure of
Endovascular Aneurysm Sealing System and the inferior long-term
durability of EVAR versus open repair. In the UK, the publication of
the National Institute for Health and Care Excellence (NICE)
guidance on unruptured AAA is strongly weighted towards open
repair.

In the UK, National Vascular Registry (NVR) annual reports
show that concerns over the durability of EVAR may be coming to
fruition; percentages of EVAR and open surgery for elective AAA
repair were 68% and 32% in 2017 but changed to 63% and 37%
in 2018 respectively. This indicates a potential increasing need for
surgeons with open aortic skills.

Regardless of local practices, acquisition and future retention of
open aortic skills is paramount for the vascular community
worldwide. Simulation training for EVAR is widely available and
effective, but realistic simulation for open repair is more difficult to
provide with any proven transference of skills to the operating
theatre. Exposure to live cases likely remains the best training
available and each opportunity should be maximised with safety as
a priority. This is perhaps best achieved in specialist centres, since
a recent international observational study of open repairs showed
that an annual centre volume of 13-16 open repairs is associated
with the most significant mortality risk reduction.®

We present data which examines whether vascular trainees can
safely perform supervised open AAA repair as the primary operator.
Outcomes are compared against cases where consultant surgeons
were the primary operator.

Methods

All elective open juxtarenal and infrarenal AAA repairs performed
at Oxford University Hospitals NHS Foundation Trust between

1 January 2017 and 31 December 2018 were identified from three
prospective databases. These were a local departmental database,
a hospital-wide electronic patient record database and the NVR —
a national clinic audit commissioned by the Health Quality
Improvement Partnership. All patients gave prospective consent to
be included in the local departmental database and the NVR.

Research ethics committee approval was not required for this
study as per the UK Health Research Authority Decision tool.” The
local Clinical Research and Trials Governance study classification
meeting panel additionally classified this study under service review
activity.

Case identification and data analysis was performed
retrospectively. For each case the following data points were
collected: primary operator (consultant surgeon vs vascular
trainee), 30-day mortality, 1-year mortality, major complications,
operation time, duration of ITU and hospital stay, number of
consultant surgeons present, additional non-consultant assistant
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present, American Society of Anaesthesiology (ASA) grade and
baseline co-morbidities.

The surgeon, consultant or trainee was labelled ‘primary
operator’ if they performed a minimum of the exposure of the aorta
and the proximal aortic anastomosis. This information was recorded
prospectively on the local departmental database according to a
locally agreed protocol. Cases with a consultant surgeon as the
primary operator were compared with cases where a trainee
surgeon was the primary operator. Primary outcome measures
were taken as 30-day mortality and 1-year mortality. Secondary
outcome measures were duration of ITU stay, duration of hospital
stay, major complication rate and operation time.

For categorical data (30-day mortality, 1-year mortality, major
complications), a x? test was used to perform statistical analysis.
For non-categorical data (duration of ITU stay, duration of hospital
stay, operation time), a Shapiro-Wilk test was used to assess if data
were normally distributed. All non-categorical data were non-
normally distributed so a Mann—Whitney U test was used for
analysis. A statistical significance level of p<0.05 was used. The
statistical software used was OriginPro (OriginLab, 2016).

Using the Clavien—-Dindo classification, any complication
between grade Il (complication requiring pharmacological treatment
e.g. pneumonia) and grade V (life-threatening complications) was
included as a ‘major complication’.

Baseline co-morbidities were recorded as per NVR categories:
none, diabetes, hypertension, ischaemic heart disease (IHD),
chronic lung disease, chronic heart failure (CHF), stroke, cancer,
chronic renal disease and lower limb arterial disease. These were
then subclassified into cardio-respiratory disease (IHD, lung disease
or CHF) and hypertension, and the presence or absence of these
were compared. Additionally, ASA grade was recorded and
compared for each group.

Results

Baseline characteristics

There was no significant difference in age, gender, baseline co-
morbidities or ASA grade between patients operated on by a
consultant surgeon and those with a vascular trainee as primary
operator (Table 1).

Study results

Of 83 elective open AAA repairs, the primary operator was a
consultant in 54% (n=45) and a trainee in 46% (n=38). The study
centre had an adjusted in-hospital mortality rate for elective AAA
repair of 1.4% for the year 2017 and of 1.3% for 2018. This was
lower than the national average published rates of in-hospital
mortality, which was 3.2% in 2017 and 2018 according to the NVR
Annual Report 2018/2019.89

Primary outcome measures
There was no statistical difference in 30-day mortality or 1-year
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Table 1 Baseline characteristics: age, sex, co-morbidities and
ASA grade.

Consultant surgeon Vascular trainee P value
as primary operator as primary operator
(n=45) (n=38)
Age, years (median) 70.7 7.2 0.896
Sex, M/F (%) 43/45 (94/6%) 33/38 (87/13%) 0.302
Co-morbidities
Cardiorespiratory,
n (%) (excluding 23/45 (51%) 18/38 (47%) 0.810
hypertension)
Hypertension, n (%)  33/45 (73%) 29/38 (76%) 0.635
ASA grade 0.859
1 2 2
2 9 7
3 32 28
4 2 1
ASA, American Society of Anaesthesiology.
Table 2 Primary and secondary outcome measures.
Consultant surgeon Vascular trainee P value
as primary operator as primary operator
(n=45) (n=38)
Primary outcome measures
30-day mortality (%)  2.2% 0.0% 0.932
1-year mortality (%)  2.2% 0.0% 0.932
Secondary outcome measures
Major complications, 7 (15.6%) 0 (0%) 0.032
n (%)
Mean operation time, ~ 215 (60-375) 178 (90-270) 0.036
(min), n (range)
Mean duration of ITU, 2 (1-17) 1.5 (1-3) 0.270
stay (days), n (range)
Mean duration of 6.8 (3-25) 5.6 (3-11) 0.037

hospital stay (days),
n (range)

mortality for patients operated on by a consultant surgeon or a
trainee surgeon (2.2% and 0.0%, respectively, p=0.9), as shown in
Table 2.

Secondary outcome measures

Mean operation time was shorter for cases performed by a trainee
surgeon (178 min) than for those performed by a consultant
surgeon (215 min) (p=0.036). The rate of major complications was
higher in patients who had a consultant as primary operator than in
those who had a trainee as primary operator (15.6% vs 0.0%,

Safe open aortic surgical outcomes are achievable with trainees as the primary operator. Nortley MC et al

Table 3 Further characteristics: complexity.

Consultant surgeon Vascular trainee P value
as primary operator as primary operator
(n=45) (n=38)
Additional consultant 12/45 0/38 0.002
surgeon present, n/N
Additional trainee
present, n/N (%) 23/45 (51%) 15/38 (39%) 0.401
Juxtarenal AAA, n/N (%) 11/34 (24%) 5/33 (13%) 0.212
Straight tube graft/ 3213 29/9 0.490

bifurcated graft

AAA, abdominal aortic aneurysm.

Table 4 Dual consultant operations.

<2 years’ experience as a
consultant surgeon

3 juxtarenal AAAs

2-5 years’ experience as a
consultant surgeon

2x semi-urgent large >8 cm
juxtarenal AAAS
2x inflammatory juxtarenal AAAS

10-15 years’ experience as a
consultant surgeon

1x aortoiliac aneurysm

1x juxtarenal AAA

1x patient request to have surgery
against MDT advice outcome

>15 years’ experience as a
consultant surgeon

1x complex aneurysmal disease in
young Marfan’s patient
1x juxtarenal AAA

AAA, abdominal aortic aneurysm.

p=0.03). There was no difference in the duration of ITU stay but
overall hospital stay was longer in patients who had a consultant
surgeon perform their surgery (6.8 days vs 5.6 days, p=0.002), as
shown in Table 2.

Further characteristics and complexity
Out of a total of 83 elective open repairs, 12 (14%) had two
consultant surgeons present with a consultant surgeon as primary
operator. Where a trainee surgeon was the primary operator (46%),
they were uniformly supervised by a single consultant surgeon. As
shown in Table 3, there was no difference in the frequency at which
an additional trainee was present for either group. There was no
apparent difference in the frequency of juxtarenal repairs or
bifurcated graft repairs in the consultant group compared with the
trainee group.

Of the 12 open repairs with two consultant surgeons present,
these were examined in more detail regarding case complexity and
attending seniority. Further details are outlined in Table 4.

Discussion
All trainees operating within this study would have completed a
minimum of two ‘foundation years’ of training followed by two ‘core
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surgical training’ years. In the UK, surgical trainees then progress to
a 6-year specialist surgical training programme. Trainees within this
study would have been within years 1-6 of specialist vascular
surgical training. A consultant surgeon was always present — either
scrubbed into the operation or in the same theatre room. The level
of independence was tailored to the seniority and experience of the
trainee and at the discretion of the supervising consultant surgeon.
All operative planning and intraoperative decision making were
discussed with the supervising consultant surgeon.

Our results suggest that open repair can safely be performed
by trainees as primary operator when cases are selected carefully
and appropriately. Primary outcome measures of 30-day and 1-year
mortality were comparable. All complications occurred within the
consultant group. This and a shorter operation time and duration of
hospital stay in the trainee group may reflect selection of the easier
cases assigned to the trainees. However, it is likely that trainees
also had the advantage of an experienced consultant surgeon
assisting them throughout the open repair, which likely reduces
operative time. Whilst the results did not reach statistical
significance, consultants performed more juxtarenal open repairs
than the trainees (24% vs 13%).

It is acknowledged that this study primarily examines the
technical safety of trainees being primary operator. The degree of
operative planning and intraoperative decision making by the
trainee is difficult to define and measure within the realms of this
study, and will have varied with the seniority of the trainee.

There was a second consultant present in theatre in
significantly more consultant cases (27%) than trainee cases (0%),
which again reflects increased case complexity (see Table 4). All
trainee cases were supervised by a single consultant surgeon.

Underlying co-morbidity does not seem to have played a part in
case selection as there were no significant differences in baseline
co-morbidities or ASA between the two groups. The number of tube
versus bifurcated graft repairs was the same between the trainee
and consultant groups.

A recent US study analysed data from a major US vascular
centre which indicated that, whilst numbers of EVAR and
fenestrated EVAR (FEVAR) had remained stable, the numbers of
open repair in this major centre had increased over recent years —
presumably through quaternary referrals.® Regardless, the same
study reported that “on average, graduating vascular surgery
trainees performed 23.1 open repairs before graduation (range
19-26)" — more than the reported US national average of 1-3.2
The UK vascular training guidelines have recently changed. It was
previously stipulated a minimum number of 10 open repairs
performed at level 4 is required to obtain the certificate for
completion of training. Level 4 was defined as “able to perform
the procedure fluently and without guidance or intervention” and
“able to anticipate, avoid and/or deal with any common
problems/complications”. This changed in August 2021 with an
outcomes-based “multi-consultant report” system for set training
domains. A total of 10 open repairs are now required showing
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KEY MESSAGES

* Inthe UK a 2016 survey of vascular trainees showed
only 5% of respondents had performed > 15 open
repairs per year and 50% had performed <5 open
repairs per year.

» Preservation of open aortic surgical skills remains
paramount for the future of vascular surgery in the UK
and worldwide.

» This study demonstrates that safe surgical outcomes
for open AAA repair can be achieved with vascular
surgical trainees as primary operator.

progression to a minimum of four open repairs at level 4. Level 4
has a new definition: “that expected of a new consultant” with the
previous level 4 definition now defined as level 5. To achieve this,
each training opportunity for open repair must be maximised.

The authors of the US study suggested centralisation of open
repair to centres of excellence in open repair, with trainees
completing specialist placements as a strategy to preserve open
repair training nationally.™ In the UK, vascular services are currently
modelled on a ‘hub and spoke’ regional service system. The current
centre is in the top third nationally in terms of volume of AAA
repairs.5?

An alternative approach is a training strategy where single
cases are shared between trainees.'® Indeed, in the current study
centre, open repair is considered in ‘training stages’ whereby a
trainee can incrementally progress from closure, exposure, distal
anastomoses, proximal anastomosis and whole procedure. The
final training stage allows the trainee to perform the whole
procedure with the assistance of a more junior trainee with the
attending trainer unscrubbed but within theatre. Towards the end of
their training, more senior trainees are also assisted by their
consultant trainers in performing open repair in stable patients with
ruptured AAAs. Whilst this is not necessarily a new or unique
approach to training, in recent years trainees have had increasingly
limited exposure to open repair, particularly as the primary
operator.® This strategy may help to maximise training
opportunities, particularly if open training becomes centralised.

Overall, the current study demonstrates that safe surgical
outcomes for open AAA repair can be achieved with vascular
trainees as primary operators when cases are selected
appropriately. Preservation of open aortic surgical skills remains
paramount for the future of vascular surgery in the UK and
worldwide. We propose trainees as primary operators for open
repair as a training model, within the context of an incremental
training plan, as a strategy for preserving open aortic surgical skills
for the vascular surgeons of the future.

This research has been used in presentations at the Vascular Society Annual
Scientific Meeting, Manchester, England, September 2021 and the 35th ESVS
Hybrid Annual Meeting, Rotterdam, Netherlands, September 2021.
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Plain English Summary

Why we are undertaking the research: We currently do not know how well medical students are taught about
vascular disease. This includes diseases that may cause pain on walking due to reduced blood flow to the legs
(peripheral arterial disease), strokes due to narrowed artery in the neck (carotid stenosis), or even problems
affecting your veins (varicose veins). This means that patients with vascular diseases could potentially be better
managed by new doctors if we improve how they are taught.

What we aim to do: This study allows us to work out which areas of vascular medicine teaching require
improvement, and then raise awareness of this in the vascular community and within medical schools.

Key words: education, vascular disease, undergraduate

Trial registration: MREC 21-015 - Vascular Education in Undergraduate Medicine (VENUM). Granted 7/12/12

Background

Peripheral arterial disease (PAD) is most
commonly an atherosclerotic condition affecting
the lower limbs, which usually manifests as muscle
pain during exertion.” The gold standard of PAD
diagnosis, an ankle brachial pressure index (ABPI)
of <0.9, can be done at the bedside." PAD affects
up to 5% of patients aged 60-69 years, increasing
to over 20% of those aged over 80 years, and is
notoriously medically undertreated compared with
other cardiovascular diseases such as myocardial
infarction or stroke.'? A 2018 retrospective
observational cohort study of patients from The
Health Improvement Network (THIN) using data
from 11 million UK primary care patients found
that a large proportion of PAD patients did not
receive their recommended secondary
prevention.® PAD has often been reported as a
‘missed opportunity’ for cardiovascular reduction,
as PAD patients (n=34,160) had significantly less
uptake of statins, antiplatelets and angiotensin-
converting enzyme inhibitors compared with their
coronary artery disease counterparts (n=9,570) in
a large Danish cohort study.* While vascular
surgery teaching encompasses not just patients
with PAD, it is difficult to determine whether these
findings relate to the education of medical
students or beyond into postgraduate training.
VENUM (Vascular Education iN Undergraduate

JOURNAL OF VASCULAR SOCIETIES GREAT BRITAIN & IRELAND

Medicine) hopes to establish the perceptions of
medical students about their vascular
undergraduate curricula.

Vascular undergraduate teaching of UK
medical students has been poorly evaluated.®
A recent international scoping review identified
only two UK studies: one in 2019 with only 11
participants and a grey literature abstract in 2015
which claimed that a quarter of Swansea medical
students reported having no vascular teaching.®
A single-centre study at the University of Toronto
found that Canadian medical students had
sub-optimal knowledge of PAD compared with
coronary artery disease.® Another study evaluating
vascular surgery education in Greek medical
schools concluded that the lack of vascular
surgery teaching in undergraduate medical
curricula led to inadequate early diagnosis and
treatment of vascular diseases in primary care.”
The need for a vascular surgery programme as
part of undergraduate teaching was asserted.”
Currently, there are no national studies of the
provision of vascular surgery education within UK
medical undergraduate curricula.

Lack of exposure to the vascular surgery
speciality through clinical placements, projects or
clinical teaching arguably results in fewer students
wishing to pursue a career in vascular surgery
compared with specialties which receive greater
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exposure in the undergraduate curriculum. Equally, this lack of
exposure and training will also significantly impact the overall care of
patients with vascular disease across many medical and surgical
specialities. Indeed, there is a particular concern that primary care
clinicians have very limited exposure and training in vascular surgery
and its associated conditions. This is a major problem on a national
scale for patient care as the responsibility for the medical care of the
patients is primarily placed on primary care by National Institute for
Health and Care Excellence (NICE) guidelines. For example, PAD
patients presenting with intermittent claudication are expected to be
treated in primary care without referral to secondary care vascular
surgery.® Primary care clinicians often have the best opportunity to
aggressively manage the risk factors that so often lead to vascular
pathology. The demand for vascular surgery specialists is increasing
and is entirely predictable given the rise in the burden of
cardiovascular disease.® The Vascular Society workforce planning
survey in 2018 predicted an increase in general and vascular
surgery workforce requirements by 67% by 2029.°

Previously, vascular conditions such as PAD have not attracted
much national attention compared with myocardial infarction,
cerebrovascular disease or malignancies. However, vascular
pathologies such as PAD have higher morbidity and mortality rates
compared with patients who have coronary artery disease alone. ™

It is therefore of paramount importance to increase the body of
evidence in this area. VENUM has the potential to highlight areas for
improvement in the training and education of the next generation of
clinicians and surgeons who will be managing this highly challenging
and co-morbid patient cohort.

Aims

» Establish the provision of undergraduate vascular teaching
through the experiences of final year medical students and
newly graduated doctors.

»  Explore the perceived confidence of students in performing
vascular examinations.

» Report student perceptions of a career in vascular surgery.

» Report student uptake of vascular research, vascular
mentorship and intention to pursue vascular surgery.

»  Compare vascular and cardiovascular knowledge base of
students.

» Disseminate new knowledge regionally to medical schools and
to the national vascular community.

Proposed methodology

During the 2021/2022 academic year, medical students in the final
year of UK medical schools will be invited to complete a 10-minute
survey. Foundation Year 1 (FY1) trainee doctors across the UK will
also be invited to complete the survey based on their graduating
medical school. The students’ exposure to vascular teaching during
their time in medical school will be assessed. Students not in their
final year will be excluded to avoid bias introduced due to the
difference in timing of vascular teaching between medical schools.

VENUM Protocol. Sucharitkul P et al

Surveys will be conducted on JISC survey software under a
collaborative authorship model, where medical student and doctor
leads will be asked to recruit their fellow peers via social media or
over email. Research leads must recruit 15 participants to be eligible
for collaborative authorship status. The study design has been
heavily influenced by that used by the British Urology Researchers in
Surgical Training (BURST) committee in the “UroLogical tEAching in
bRitish medical schools Nationally” (LEARN) study'" and by the
interventional radiologists in the “An evaluation of learning and
exposure to the undergraduate Interventional Radiology curriculum”
(ELIXIR) study.' A key difference is that our study has been ethically
approved to use the methods described.

Ethical considerations

Ethical approval has been obtained from: Leeds School of Medicine
Research Ethics Committee MREC 21-015 - Vascular Education in
Undergraduate Medicine (VENUM). Granted 7/12/2012. University
of Leeds. No monetary incentive was required for this this study. To
ensure students’ time is effectively spent, the answers to the
multiple-choice questions have been provided where students can
view the survey as a free revision resource. Furthermore, it is
possible for individuals to complete the survey more than once;
however, medical students will be reminded of the General Medical
Council probity guidance on entry to the survey.'

Recruitment

The survey draft was conceived and revised by the VENUM
multidisciplinary team until no further improvements could be made
internally. The aim was for the survey to take no more than 10
minutes. The prototype survey will be validated on a small number of
fifth year medical students at the University of Leeds. This will be
predominantly done through the University’s Medicine Society’s
mailing list (those who have previously consented to be emailed
opportunities and surveys) and social media. Participants of the
prototype survey will be encouraged to contact the research team if
they experience any issues completing the survey or have additional
feedback. The preliminary surveys will then be reviewed and any
changes necessary will be made to the survey before further
dissemination.

Following survey validation and refinement, medical student and
foundation year doctor leads will be recruited through social media
channels and through the national vascular trainee association,
Rouleaux Club. Rouleaux Club has a monthly newsletter which goes
out to vascular-interested medical students and doctors who have
consented to receive opportunities in vascular surgery. We aim to
recruit medical students from all 34 established medical schools.
Medical schools with no final year students for the 2021/2022
academic year (University of Sunderland, St Andrews, Universities
of Kent and Canterbury Christ Church, University of Lincoln, Edge
Hill University, Brunel Medical School, Aston University Medical
School and Ulster University) will be excluded. Anglia Ruskin
Medical School is the exception to this rule, where students will be
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surveyed in their 4th year (no final year students). These may be
separated from the main results if the findings significantly differ from
the final year students.

The medical student and foundation doctor leads will each have
a unique code, which will identify which participants they have
recruited into the vascular study. The research leads will be given
certificates and PubMed indexed collaborative authorship status if
they have successfully recruited more than 15 participants. A
second round of dissemination of the survey may be necessary if
there is a lack of responses from particular medical schools.

Surveys will be conducted by JISC software under a
collaborative authorship model, where the research leads will be
encouraged to send the survey link to their peers; but only if they are
able to send the survey to their entire year group at once either by
email or over social media. This ensures that the link is not simply
sent to just vascular orientated medical students, nor that it is sent
only to the research lead’s peer group. The survey will be open for
three months to allow two rounds of recruitment, where participants
will be able to withdraw their responses two weeks after the survey
closes. Thirty participants from each medical school will be recruited
initially before rolling out to foundation deaneries; this would make
our initial target of 1,020 participants. In total, 77 medical student
leads have expressed interest in becoming a survey lead, of which
all 34 medical schools are represented. From this, it is expected that
the results will have complete geographical representation in the UK.

Primary outcome measure

1. The proportion of vascular topics covered by medical schools
across the UK as recalled by medical students and foundation
doctors.

Secondary outcome measures

1. The recalled amount of time spent on vascular surgery clinical
placements.

2. The recalled amount of lecture-based teaching, practical
teaching, vascular examinations and anatomical teaching.

3. The recalled number of vascular-based OCSE stations.

4. The recalled number of vascular examinations performed on
patients and the number of ABPIs observed in practice.

5. The proportion of vascular research activities by medical
students.

6. The proportion of vascular mentorship during medical school.

7. Student perceptions of a career in vascular surgery.

8. The confidence of foundation year doctors in managing vascular
surgery patients.

9. The perceived confidence of students undertaking ABPIs,
vascular histories and examinations.

10. The number of extra self-selected vascular modules undertaken
by medical students.

11. The proportion of students who would consider a foundation
rotation in vascular surgery or a career in vascular surgery.
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Data analysis

Quantitative analysis will consist of a geospatial map of the participating
34 medical schools and a graphical analysis for each of the primary
and secondary outcomes. Data will be analysed in IBM SPSS Statistics
Statistical software™ and graphs will be synthesised using Origin 2020b."
Qualitative analysis will consist of thematic analysis for participant
perceptions of vascular surgery. The responses will be coded into
themes that emerge from the data. These will then be rep-resented
in an organised table with anonymous quotes from the students.

Limitations

The study has limitations which have been mitigated by critical
ethical analysis. The predominant limitation of this study is survey
participant bias, with those students who are most interested in
vascular-related specialities being more likely to complete the
survey. This may mean that non-vascular-focused students feel that
the survey is irrelevant. This is a component of many speciality
surveys and can only be mitigated by adequate signposting. In
VENUM, students are provided the answers to the knowledge-based
multiple choice questions which is aimed to help their revision, which
should make the survey appealing to all students. ‘Peer-group bias’
has been reduced by the study design whereby research leads must
send the survey link to the entire year group at once.

Recall bias is unavoidable in this student-led study but should be
minimised by obtaining a large sample size from each university,
hence the multiple research leads from each institution. Moreover,
students are able to complete the survey more than once. However,
on entering the survey, they will be reminded of their professional
duty of candour to the General Medical Council.” This is a
dis-advantage of the JISC survey software. Using a paid survey
software such as ‘REDCap’ would overcome this, but would also
require significant funding.'® There is a minor risk of research leads
fabricating responses to gain authorship, but this risk is expected to
be small as research leads are only expected to collect 15
respondents. If this did occur there is a chance it could affect the
validity of the data, thus the surveys will be screened for
respondents who have answered chaotically, and these will be
removed from the study results. Before the study period, the
research leads will also be reminded of their duty of candour.'

Dissemination

The study results will be presented at the Vascular Societies’ Annual
Scientific meeting in 2022 and published in a peer-reviewed journal.
Research leads may also be able to present the VENUM findings
regionally at their own medical schools and relevant peer speciality
conferences such as cardiology and general practice.

Potential research benefits

»  Student-focused understanding of the current undergraduate
vascular curricula.

* Make recommendations for medical schools to implement to
enhance learning.
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KEY MESSAGES

» Vascular undergraduate education has been poorly
researched, with only two UK studies having been
previously reported.

»  We outline a protocol to establish the baseline of
current vascular undergraduate education of medical
students in the UK.

» We hope to highlight the issues of vascular education
and make recommendations to improve vascular
education, student perceptions and increase
mentorship opportunities.

*  Provide medical students with more vascular surgery role
models.

»  Better care for patients living with vascular diseases in the long
term under all specialities.

» Better understanding of vascular disease across specialities in
the long term by improving the curriculum.

» Improve medical students’ perceptions of a career in vascular
surgery by understanding their current perceptions.

Potential research risks

» Lowrisk study, as all aspects can be carried out remotely.

» Potential risk of adding to survey burden of medical students and
foundation year doctors.

* Increases the pressure on medical schools to pool more
resources in vascular disease into an already packed curriculum.

Perspectives of patients living with vascular disease

"As a patient with multi-site vascular issues, | feel that the
project is absolutely necessary before real change in the
collective mindset of the medical profession can happen.
Hopetully, it will also draw attention of this much neglected
condition to curricula compilers and course leaders.
Education in PAD is important for patients, but if our GPs
and emergency care doctors are not aware of our vascular
problems, how can we possibly form a relationship where
trust in the treatment is key?”

“One of my group ended up with an amputation after
critical limb ischaemia was initially misdiagnosed in A&E and
the ensuing delay made it impossible to save his foot. This
was not patient ignorance, just an overworked and under-
educated junior doctor.”

“Thirdly, we all felt that the standard norm for PAD
patients, male, over 70, overweight and smokers, leads
many GPs to overlook a PAD diagnosis in people who fall
outside of this norm. Education would save a lot of suffering
and delay to a lot of people.”
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Plain English Summary

Why we are undertaking the research: Peripheral artery disease is a common problem where the blood
vessels in the legs are narrowed by fatty deposits. Supervised exercise programmes are recommended to help
treat this condition, as they can reduce leg pain and improve fithess. However, not many people are able to
access these programmes typically because of barriers including travel burdens, time constraints or other
commitments. As an alternative, researchers are developing home-based programmes which do not require
people to travel to centres for their sessions. In the UK and to the author’s knowledge, there are not many well
researched home-based programmes available for people living with peripheral artery disease.

What we aim to do: We plan to undertake a study to see how feasible our home-based programme is. People
with peripheral artery disease will either be asked to continue with their normal routine or will be prescribed an
exercise programme, with an activity watch to monitor physical activity. This programme will include increasing
the number of steps walked each day, an exercise circuit (twice a week) and a telephone support call with a
member of the research team to discuss their progress or lack of progress. Questionnaire responses, blood
samples, walking ability, muscle strength and the amount of daily exercise will be compared between the two
groups at the start of the 12-week programme, at the end, and 12 weeks after the programme has finished.
By doing this study, we will be able to refine our home-based exercise programme so that it can be tested on a
larger scale to see if it is @ good option for people with peripheral artery disease who may not be able to attend
a supervised exercise programme.

Key words: peripheral artery disease, intermittent claudication, home-based exercise, walking,
circuit training

Trial registration: ClinicalTrials.gov, NCT05059899. Registered on 17 September 2021

Introduction
Peripheral artery disease (PAD) refers to the
progressive occlusion of the arteries supplying the
lower limbs' and affects over an estimated 236
million people worldwide.? Sustained ischaemia to
the lower limbs, resulting in an oxygen
supply/demand imbalance, can lead to a
symptomatic presentation of PAD, characterised
by exertional cramp-like leg pain known as
intermittent claudication (IC).2

Current guidelines recommend supervised
centre-based exercise therapy (SET) to improve
walking performance and quality of life in those
with 1C.4+¢ UK-based guidelines suggest exercise

there is a growing interest in home-based
exercise programmes (HBEP). However, a
recent UK-based survey found that only 48% of
vascular services were able to offer SET, and of
these only 30% provided any home exercise
advice (alongside existing SET services), in the
form of verbal recommendations, exercise
booklets and pedometers.” This issue has been
heightened during the COVID-19 pandemic, as
sites delivering SET have had to provide home-
based alternatives or face cancelling services

to quickly transition into HBEPs without the
experience and a limited evidence base,

completely. These services were therefore forced

to the point of maximal claudication pain.* Despite
all the evidence for the effectiveness of SET,
access, adherence and uptake is poor because of
travel burdens, time commitments and lack of
motivation.”®

To improve accessibility and participation,

highlighting the importance of developing HBEPs
for UK patients.” A recent systematic review has
shown HBEPs to be a safe option for people with
IC, with an all-cause adverse event rate of one per
36,953 patient-hours.®

HBEP interventions vary considerably in
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relation to frequency, modality, location (inside the home, outdoors

in the community or in leisure centres)'® and level of support

provided. Technology used to remotely monitor progress, such as
wearable activity trackers, has been shown to increase the efficacy
of HBEPs, equivalent to that of SET."" Some programmes mimic

SET in a home setting while others, including UK-based studies,

aim to increase daily physical activity with step goals or generic

walking advice. '8
An example of a structured prescription of home-based

exercise includes walking at a self-selected pace three days per

week for 20-45 minutes over 12 weeks.'* Adherence was
monitored with a step activity monitor, resulting in significant
improvements in walking performance. An example of a step-based
programme had participants use a Fitbit to increase physical
activity by 2500 steps per day over baseline for one month,
increasing to 3750 and 5000 for months 2 and 3, respectively.'?

Improvements were seen in walking performance and

cardiorespiratory fitness. However, simply promoting an increase in

step count or physical activity is not sufficient. Results from the LITE
trial showed walking performance improved more by sustained
individual bouts of physical activity rather than just increased total
activity.'® Further, progressing activity with a blanket step goal for all
participants (such as an additional 1000 steps) does not account
for individual differences. Therefore, in addition to increasing daily
activity, more structured individualised walking programmes are
required.

In addition to walking, resistance training may also improve
functional ability; however, to our knowledge, only one study has
assessed this as part of a HBEP Incorporating resistance training
into a walking programme may improve strength and balance whilst
also increasing adherence by providing variety, both of which may
translate to tangible functional improvements and gains in quality of
life. There is therefore potential for a HBEP that utilises all three of
these elements: increasing physical activity behavior with a step
goal, while providing structured exercise prescription that includes
walking to induce claudication pain and resistance exercises. The
WALKSTRONG protocol was therefore developed taking this into
consideration.

Before a definitive randomised controlled trial (RCT) can assess
the clinical and cost effectiveness of our HBEP, the intervention
must first be refined. Therefore, the aims of the present feasibility
study are to:

1. Assess the feasibility of conducting a RCT of community
walking and home-based circuit training in people with IC.

2. Measure recruitment and attrition rates.

Measure protocol adherence and safety.

4. Conduct semi-structured interviews with intervention
completers, drop-outs and decliners to assess acceptability,
facilitators and barriers.

5. Explore changes in walking performance, functional ability,
quality of life and markers of systemic inflammation and
vascular remodelling.

w
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Methods
Study design
WALKSTRONG is a prospective assessor blind randomised
controlled feasibility study. Thirty adults over the age of 18 years
with IC will be randomly assigned to either a 12-week home-based
exercise intervention or a usual care control group. This protocol
adheres to the Standard Protocol ltems: Recommendations for
Interventional Trials (SPIRIT) guidelines.?’

The study design is illustrated in Figure 1.

Study setting

The study is being undertaken at the Centre for Exercise & Health,
Coventry in collaboration with University Hospitals Coventry &
Warwickshire (UHCW). The study will take place from January
2022 to July 2024 and is sponsored by Coventry University.
Funding to deliver the RCT is provided as part of a PhD scholarship
for the principal researcher (AW) from Coventry University.

Study registration and ethical approval

Ethical approval was granted by the local research ethics
committee (Coventry & Warwickshire REC: 21/WM/0208) on

14 December 2021 and the study will be conducted in accordance
with the Declaration of Helsinki 1975. The study was prospectively
registered on ClinicalTrials.gov (NCT05059899).

Inclusion and exclusion criteria

Participants with a confirmed diagnosis of IC will be recruited. The

inclusion and exclusion criteria are listed below:

Inclusion criteria

* >18years of age.

* Ankle/brachial index (ABPI) <0.9 at rest or a drop of 20 mmHg
after exercise testing.

» Ability to walk independently without walking aids.

» English speaking.

Exclusion criteria

» Unable to provide informed consent.

*  Walking impairment for a reason that is not related to PAD.

»  Critical limb-threatening ischaemia or asymptomatic PAD.

» Active cancer treatment.

»  Severe mental or physical limitations precluding participation
safely in the home environment as defined by American College
of Sport Medicine.??

* Unstable angina.

* Recent myocardial infarction (within the previous month).

Study procedures

Patients who are potentially eligible will be referred to the research
team by the clinical care team, having been initiated on best
medical treatment by the referring clinician. If eligible, potential
participants will be provided with a WALKSTRONG information
sheet and be contacted to assess willingness to participate. Those
who decide to participate will attend a baseline visit to confirm
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Figure 1

Protocol flow diagram.
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3 month outcome assessment
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eligibility and provide informed consent. On completion of the
baseline visit, participants will be randomised into the intervention
or control group. Participants will be informed that they are free to
withdraw from the trial at any time without providing a reason. If a
participant’s circumstances change such that they become
ineligible to participate, the principal investigator reserves the right
to withdraw the participant from the programme. Participants will
exit the trial if they finish the intervention and complete outcome
assessments at 12 and 24 weeks, or if they request to withdraw,
or die.

Randomisation

Participants will be randomised in a 1:1 ratio using random
permuted blocks via a secure computerised randomisation
programme, maintaining allocation sequence concealment

JOURNAL OF VASCULAR SOCIETIES GREAT BRITAIN & IRELAND

(Sealed Envelope: https://www.sealedenvelope.com). Participants
will be randomised following baseline assessment. At subsequent
visits, data will be collected by a different assessor who will be
unaware of group allocation.

Control group

Participants allocated to the control group will not be given any
intervention and will receive standard care which will include
smoking cessation support and basic unstructured exercise advice
by providing them with a leaflet from the British Heart Foundation.
This includes information on the benefits of being physically active,
what counts as activity, and how much physical activity should be
undertaken each week. To ensure equity between participants,
following the completion of the trial, those in the control group will
be offered a Fitbit watch and the opportunity to complete the HBEP.
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Exercise intervention

Participants assigned to the HBEP will be given a Fitbit Charge 4
activity monitor (https://www.fitbit.com) free of charge and will be
required to download the Fitbit app using a study-specific email
address provided to them. They will be asked to use the Fitbit to
reach a personalised daily step goal, at their own pace, which will
be determined based on baseline daily step count (measured over
one week with an accelerometer). They will be initially asked to
increase their daily step count by 10% above what they achieved at
baseline. They will also be provided with a set of circuit exercises to
be completed in their home twice per week, lasting approximately
45 minutes — as many UK centres prescribe exercise 1-2 days a
week and a minimum of two resistance sessions a week is
recommended.”?3 This will involve a light warm-up period of 10
minutes including rhythmic pulse raising movements, joint
mobilisation and passive stretches. This will be followed by a circuit,
separated into six stations of resistance exercises. These include
shoulder press, calf raise, wall press, sit-to-stand, bent over row
and lunges, interspersing upper and lower body exercises. The aim
is to complete two minutes at each station at 11-14 on the Borg
scale of perceived exertion. Each station is separated by walking on
the spot at an intensity to induce severe claudication pain for two
minutes (but may be longer if severe pain is not reached in this
time). The circuit will be followed by a 10-minute light cool down.
Participants will be asked to record each circuit workout using an
exercise logbook, noting the number or repetitions and weights
used as well as leg pain during each walking bout.

The exercise intervention was designed based on current best
practice guidelines for the management of PAD,**® evidence from
previous research' and informal public and patient involvement
(PPI) discussions (see Appendix 1 online at www.jvsgbi.com).
Findings from PPI discussions were that patients were keen to have
a home-based alternative to SET, were interested in using an
activity watch to visualise improvements, were happy to complete
resistance exercise if given appropriate instructions and that
check-ins should be biweekly.

Researchers will monitor the compliance of participants with
their daily step goal by accessing their Fitbit data weekly. Every two
weeks, participants will be contacted by telephone, providing an
opportunity to discuss any issues or questions. Daily step count,
exercise intensity and frequency will be discussed, with a mutual
decision being made on progression or regression.

Outcome measures

Primary outcomes

The primary outcomes for this study are feasibility and acceptability,
assessed via recruitment, attrition, adherence to the protocol,
adverse events and participant feedback.

Recruitment: calculated by dividing the number of eligible
candidates by the number who consent to participate.

Attrition: established as discontinuation of the intervention and loss
to follow-up.

WALKSTRONG. Waddell A et a/

Adherence: assessed by monitoring logbook entries for the exercise
sessions and recorded physical activity data will assess an
individual's engagement with the intervention. This will include the
percentage of step goals achieved, percentage of circuit sessions
completed, partially completed and percentage completed at the
required intensity. Where possible, reasons for drop out will be
recorded to assess the suitability of the protocol.

Adverse events: reported in accordance with the principles of
Good Clinical Practice, with the relatedness of the event to the
intervention being assessed by the research team in collaboration
with the clinical care team. Serious adverse events will be reported
to the relevant ethics committee and sponsor. In the event of harm
arising to participants as a result of study management, design or
conduct, Coventry University insurance and indemnity policies will
apply.

Acceptability: assessed by conducting semi-structured interviews.
Participants who have completed the trial, as well as those who
drop out or decline to take part, will be offered the opportunity to
take part in a semi-structured interview either in person, over the
telephone or via video conference with a member of the research
team. With permission from participants, conversations will be
audio recorded and transcribed verbatim. The interviews will be
conducted using a topic guide to have consistency across all
participants; however, they will be flexible to allow for discussion.
Interviews will explore participants’ opinions and experiences with
the exercise programme, and any criticisms or factors that limited
or enabled participation. Interviews will last approximately 30-60
minutes.

Secondary outcomes
Pain-free and maximal walking distance: This will be determined via a
6-minute walk test and graded treadmill test. The 6-minute walk test
will be conducted in accordance with the guidelines from the
American Thoracic Society.?* This involves a 30 m course indoors,
along a flat surface. The course will be marked every 3 metres with
cones at each end. After the patient has rested, they will be
instructed to walk as far as they can within the time limit, receiving
standardised encouragement every minute. Participants can stop
walking during the test for rest; however, the timer will not be
stopped. Speed gates will be placed at each end of the course to
measure walking speed.

The graded treadmill test (Gardner protocol) involves walking at
a constant speed of 2 mph, at a 0% incline grade, which increases
by 2% every 2 minutes. Participants will be instructed to indicate
when claudication pain begins, giving pain-free walking distance
(metres), and when claudication pain becomes too severe to
continue walking, giving maximal walking distance (metres).?
Adequate time will be provided between each test to ensure
recovery.
Grip strength: Participants will be asked to hold an isometric
dynamometer in their hand, with the handle being adjusted so that
the base rests in the heel of their palm. Participants should be
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seated, resting their arm on the chair arm. When they are ready,
they will be asked to squeeze the dynamometer with maximal effort
for 5 seconds. The test will be repeated three times on each hand
with full recovery between each effort, recording the greatest value,
as described by the Southampton protocol and American Society
of Hand Therapists.?

Physical activity behaviour: determined by giving participants a
research grade accelerometer (ActiGraph GT3X) to wear for one
week. Participants will be asked to go about their normal activity
and should wear the device continuously, only removing it when
washing or sleeping. The ActiGraph GT3X is a reliable, gold
standard accelerometer for measuring physical activity in adults
under free-living conditions.?’

Quiality of life: will be recorded by assessing responses to three
questionnaires. Disease-specific quality of life will be measured
using the VascuQol questionnaire, a validated and standardised
intermittent claudication-specific questionnaire.?® The 36 Item Short
Form survey will also be used. It is a well validated, generic health
status questionnaire which provides a score on eight domains of
health: bodily pain, mental health, vitality, physical and social
functioning, physical and emotional roles and general health.?®
Answers to the EQ-5D-5L questionnaire will also be collected.®0!
Blood sampling: blood will be drawn from participants at each visit
by a member of the research team trained in venepuncture using
standardised operating procedures. Blood samples will be

Table 1 Participant schedule of enrolment, interventions and assessme

WALKSTRONG. Waddell A et a/

centrifuged and serum aliquoted and stored at —-80°C until they are
analysed. Assays will be performed by a member of the research
team at Coventry University. Markers of systemic inflammation and
vascular remodelling will be measured via serum C-reactive protein,
interleukin-6, tumour necrosis factor-alpha and vascular endothelial
growth factor using an enzyme-linked immunosorbent assay with
each sample measured in duplicate.

An overview of the participant pathway through the study is
shown in Table 1.

Sample size

As this is a feasibility trial, a power calculation was not completed.
A general recommendation for feasibility studies is to include at
least 30 participants, and it has been suggested that samples
between 24 and 50 are sufficient to calculate a standard deviation
of an outcome that can then be entered into a formal power
calculation for a full-scale RCT.3>-34

Data collection, storage, management and monitoring

Data will be collected by the principal investigator and other named
and trained co-investigators at all time points. Data will be
anonymised and given a study code. All other data will be stored
securely at The Centre for Exercise and Health and/or saved on
encrypted computer drives. Only members of the research team
will have access to the dataset. Data will be securely archived after

nts

STUDY PERIOD

Enrolment | Allocation Post-allocation

Close-out

TIME POINT —1wk 0 2 wk

4 wk
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L dR ¢
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x| X| X| X[ X | X

Blood samples
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study closure and stored for up to 5 years, after which it will be
destroyed. All data will be stored and managed according to
Coventry University’s confidentiality and data protection policies.
No formal data monitoring committee will be formed. The study will
be regularly monitored by the research team members, led by the
chief investigator (AH), throughout the study period.

Data analysis

All quantitative statistics will be presented as mean + standard
deviation (SD) unless otherwise stated. Participant data will be
analysed in accordance with the intention-to-treat model, analysing
according to the group to which they were randomised, regardless
of the intervention they received.

Descriptive statistics will be used to describe the two groups at
baseline, being assessed for normality via the Shapiro-Wilks test.
To assess heterogeneity of the randomised groups, outcomes will
be compared using independent t-tests or Wilcoxon signed-rank
tests. All statistical analysis will be undertaken using IBM SPSS
Statistics software.

Exploratory analysis

Data for walking performance, functional ability, physical activity,
blood samples and quality of life will be assessed at baseline,

week 12 and week 24. Presuming data are normally distributed,
differences between means will be assessed using a mixed model
repeated measures ANOVA with group allocation as the between-
subject factor and time as the within-subject factor. Data will be
analysed to assure they meet the assumptions of an ANOVA test
and post hoc analysis will be undertaken on significant differences
between group means. Partial eta squared will be reported as effect
size. Statistical significance will be inferred if p<0.05. Results of all
analyses will be interpreted and reported with the knowledge that
the study is a feasibility trial that has not undergone a formal sample
size calculation, and so is exploratory.

Qualitative data obtained during the semi-structured interviews
will be managed and analysed using the qualitative software
package (NVIVO). Qualitative data will be analysed using thematic
analysis.® This is an inductive and iterative approach, in which
themes will be derived from the data and agreed by the researchers
following triangulation. Collection and analysis of the data will occur
simultaneously.®

Dissemination of study findings

Trial participants will be provided with a summary of the results of
the study. We will seek to publish results in reputable peer-reviewed
journals and present the findings at relevant conferences. The
results of the study and participant or sponsor information will not
be passed on to any third party without gaining participant and
sponsor consent.

Discussion
Supervised exercise alongside optimisation of best medical

WALKSTRONG. Waddell A et a/

KEY MESSAGES

* Interest in home-based exercise programmes for
people with PAD is growing to account for the poor
utilisation of supervised exercise.

»  We plan to assess the feasibility of a home-based
exercise programme which involves an exercise circuit
and promotes an increase in physical activity.

«  This will allow us to refine the programme to investigate
its effectiveness on a larger scale which, if successful,
will provide an alternative option for people with PAD
unable to access supervised exercise.

treatment and reduction of risk factors (ie, smoking) is currently
first-line treatment for people with IC.° There has been a surge in
research investigating the effectiveness of home-based alternatives
to account for the underutilisation and lack of availability of SET in
clinical practice. Typically, these programmes follow a similar
structure to SET, with intermittent walking to the onset of moderate
to maximal claudication pain, 3-5 days per week, progressively
increasing the duration.'*” There is also growing interest in
programmes that promote daily physical activity. To account for the
lack of supervision, in-person or virtual check-ins are frequently
implemented to discuss progress and alter intensity.

WALKSTRONG aims to investigate the feasibility of
implementing a 12-week exercise intervention that encourages
increases in physical activity behaviour and undertaking a home-
based exercise circuit in people with IC. This will allow for the
refinement of the protocol which can be used in a fully powered
RCT to assess the effect of the programme on walking
performance. The WALKSTRONG study is unique as it aims to
incorporate home-based resistance training exercises with
structured walking. Additionally, an increase in daily steps as a
percentage of baseline rather than as a set number of steps will be
implemented to promote physical activity. The programme aims to
expand the ability of healthcare systems to provide a remote
exercise programme to those unwilling or unable to take part in
SET. A limitation is that there may be some socioeconomic bias in
sample selection, as a smartphone will be needed to synchronise
with the activity monitor to provide step data.

Trial status: Protocol version 2.0; 5 October 2021. Recruitment beginning
February 2022 until required numbers are reached.
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Abstract

Chronic limb-threatening ischaemia (CLTI),
defined as significant peripheral arterial disease
causing ischaemic rest pain and/or tissue loss, is
associated with a high amputation and mortality
rate. Avoiding amputation in CLT! is crucial and
restoration of blood flow is usually achieved using
endovascular or open surgical revascularisation.
However, significant occlusion of the distal limb
vasculature may result in ‘no option” CLTI, where
there are no available target vessels for
angioplasty or bypass. An emerging procedure to
treat patients with ‘no option” CLTl is distal venous
arterialisation (DVA). This involves using the distal
venous system as a conduit for arterial blood to
revascularise the lower limb. This report describes
a patient presenting with ‘no option” CLTI who
underwent limb-saving treatment with DVA. The
case highlights how worsening clinical outcomes
may occur despite technical success of DVA. It
also emphasises complications of the procedure.
Finally, the evidence base surrounding DVA for
CLTl'is examined.

Key words: peripheral arterial disease, chronic
limb-threatening ischaemia, distal venous
arterialisation, limb salvage

Introduction

Peripheral arterial disease (PAD), which causes
narrowing or occlusion of the arteries and
reduced blood flow to the affected limb, affects
13% of the western population over 50 years old."
As PAD progresses and becomes severe, it can
result in critical limb-threatening ischaemia (CLTI).
This is characterised by ischaemic rest pain
and/or tissue loss in the form of non-healing ulcer
or gangrene.?

It is estimated that at 1 year following
presentation with CLTI, 25% of patients will die
and 30% will undergo amputation.® The mean
5-year care cost for patients with CLTl is
estimated at 46,281€, and every above-knee

amputation increases care costs by 25,692¢€.
Therefore, the long-term care costs to the
National Health Service (NHS) following CLTI are
considerable.*

Depending on the severity at presentation,
initial management of CLTI involves pain and
pressure relief, antiplatelet therapy, antimicrobial
therapy and wound care.® Revascularisation
through endovascular or open approach is often
urgently pursued, aiming to restore blood flow to
the affected limb, improve wound healing,
preserve limb function and mobility, and avoid
amputation. Unfortunately, some patients exhibit
severe forms of PAD, extending below the ankle
with significant occlusion of the distal limb
arteries. This could result in a phenomenon called
‘no option” CLTI or ‘desert foot’, where there is no
suitable vessel for endovascular angioplasty,
stenting or even open bypass surgery.5®1t is
estimated that 14-20% of patients fall into this
category of ‘no option” CLTI, and their prognosis is
usually poor.®

An exciting potential option used as a last
resort to restore blood flow to the foot in patients
with ‘no option’” CLTl is distal venous arterialisation
(DVA). It involves creating a connection between
the tibial artery and vein, diverting arterial blood
into the venous system to perfuse the distal lower
limb.”1%"" Halstead and Vaughan first proposed
using the venous bed as a conduit to perfuse the
peripheries in 1912."° Open surgery was then first
used in the 1970s, with case reports describing
anastomosis of an arterialised great saphenous
vein to the dorsal venous arch of the foot.” Since
then, there has been a move to percutaneous
approaches for DVA. Here we present a case of a
patient who presented with ‘no option” CLTI and
successfully underwent limb-saving treatment
with percutaneous DVA.

Case history
A 54-year-old man had an 8-month history of

increasing pain on the right foot, redness of the
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Figure 1 Clinical progression of the patient’s right foot. (A, B) Pre-distal venous arterialisation (DVA). (C, D) Three weeks post-DVA.

(E, F) Eight months post-DVA.

medial aspect of the right calf with gangrene of the right second
toe. He was a previous smoker (30-pack year history) and has

type 2 diabetes mellitus with diabetic retinopathy, hypertension,
asthma and thalassaemia. His current medication included
metformin 500 mg, atorvastatin, ramipril as well as a Clenil Modulite
inhaler, and his HbA1c was 5.2%. He had a long-standing history of
PAD with previous right third toe amputation and multiple previous
attempted angioplasties, including both antegrade femoral access
and retrograde pedal access.

On examination, the right leg was cool peripherally, with pallor
of the digits, and both erythema and mild pitting oedema of the
forefoot and lower calf. The right second toe was necrotic and
black, with dusky discolouration on the dorsal aspect of the foot
(Figure 1A and B). On the right leg, the femoral and popliteal pulses
were palpable. Examination of the right dorsalis pedal (DP) and
posterior tibial (PT) arteries with a hand-held doppler ultrasound
revealed damped monophasic waveforms. Toe pressure
measurement was 18 mmHg on the right and 43 mmHg on the left.
Overall, his presentation was consistent with Rutherford category 5
CLTI with a Wound, Ischaemia and foot Infection (WIfl) stage 4.

An arterial ultrasound duplex scan of the right leg demonstrated
calcification and occlusion of the anterior tibial artery (ATA) and
peroneal artery (PA), as well as distal stenoses in the PT artery.
Initial management included continuation of his antiplatelet,
antihypertensive, antidiabetic and statin therapy, with addition of
antibiotics (intravenous co-amoxiclav and oral metronidazole) for
right foot infection. A right leg angiogram revealed a patent
superficial femoral artery and popliteal artery, but the distal ATA was
heavily calcified and occluded (Figure 2A). The occluded ATA was
treated with angioplasty using a 3 mm balloon. Occlusions were
also found in PT and DP arteries, but these could not be traversed.
On arterial ultrasound duplex, there was no distal artery that was a
suitable target for open bypass surgery. Arteriovenous imaging
ascertained a Global Limb Anatomic Staging System (GLASS)
stage lll. Because of the failure of endovascular treatment and
impossibility of open bypass, the patient was considered for DVA.

The DVA procedure was performed at the major vascular
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centre in our network. This procedure was pre-approved by the
Trust Technologies Advisory Group Committee and was performed
under anaesthetic by an experienced vascular and endovascular
surgeon and interventional radiologist. Patients are carefully
consented and are made aware that the procedure is novel and
long-term outcomes are currently unknown. The DVA procedure
was carried out as follows: the PT artery and posterior tibial vein
(PTV) were cannulated. The proximal PT artery was dilated with
angioplasty and an outback re-entry device was used to create a
fistula from the proximal artery into the vein (Figure 2B). Stents were
placed across the arteriovenous fistula (Papyrus Biotronik 4x26
mm, Viabahn 5x100 mm). The PTV was then aggressively
venoplastied to optimise blood to flow into the foot (Figure 2C). All
significant valves in the PTV were rendered incompetent with
balloon venoplasty (standard 5x100 mm, Angiosculpt 6x100 mm
balloons). During the operation thrombus formed in the stent but
was removed via mechanical thrombectomy.

Postoperatively, the patient initially had no complaints of pain.
On examination, the right foot was pink and warm with a strong
palpable thrill present in the venous arch of the foot. Three days
post-DVA, right leg arterial duplex demonstrated the PT artery to
PTV fistula was patent, indicating a technically successful
procedure. However, 4 days post-DVA increasing pain and
erythema were noted in the patient’s right leg. This resulted in
further angioplasty of the fistula outflow vein with a 5 mm balloon,
improving the flow of the distal arch veins seen on angiography
(Figure 2D). Following this, the pain improved and the patient was
discharged to his home 3 days later.

At 3-week follow-up a well demarcated spreading necrosis on
the plantar surface of the right foot was observed (Figure 1C, D).
The calf of the patient was erythematous and he reported tiredness.
At this point the foot was still deemed at risk of ischaemia and thus
below-knee amputation was still an option.

The patient was regularly followed up in a weekly
multidisciplinary diabetic foot clinic, ensuring regular debridement of
necrotic tissue and regular review of antibiotic therapy. A ‘watch
and wait’ approach was adopted and, eventually, no further
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Figure 2 Right leg infra-popliteal angiogram and intraoperative imaging. (A) Pedal vessels pre-distal venous arterialisation (DVA) after
multiple angioplasty attempts. (B) Outback re-entry device and balloon for forming arteriovenous fistula. (C) Stent in position and
venoplasty. (D) DVA 4 days post formation. (E) Matured DVA 3 months post formation.

S

operative procedures were needed. Over the next months the
remaining toes gradually autoamputated leaving behind healthy
granulation tissue (Figure 1E, F). The right PT venous pulse
remained palpable with good doppler signal, and follow-up right leg
arterial duplex demonstrated continued patency of the
arteriovenous fistula. He reported feeling well in himself and denied
significant pain in the right foot. Ultimately, the vitality of the mid and
hindfoot had been preserved and below-knee amputation had
successfully been avoided. This highlights that, in spite of technical
success, DVA may not initially improve clinical outcomes with
eventual worsening of gangrene before improvement.

In terms of functional improvement, the patient went from
requiring a wheelchair for most activities to having completely
independent mobility and being able to drive in a car and return to
work.

The patient provided written informed consent for his case to be
written up as a case study.

Discussion

The crux of a successful DVA is dedication to ensuring that
excellent flow is achieved around the venous foot arch. This
requires endovascular disruption of all venous valves and potentially
embolisation of any large collateral veins that would divert blood
away from the distal forefoot. This patient demonstrates that, if this
occurs successfully, DVA can be used to avoid amputation, improve
wound healing and improve quality of life in patients with ‘no option’
CLTI. Although this is a new and novel technigue, initial subclinical
deterioration in tissue loss has been recognised and we can

Bl

confirm this in our case series so far. This is likely to be due to the
sudden haemodynamic changes caused by the formation of the
DVA. Immediately after formation the arterialised vein can
potentially ‘steal’ blood flow from the distal forefoot and digits as it is
a high-flow fistula without any maturation. As the vein arterialises
and matures, the microcirculation to the foot starts to be
pressurised by this new vessel with oxygenated blood being driven
in reverse through the venules and arterioles. The foot often swells
and looks erythematous for 3-6 weeks post intervention and then
this process subsides. Nonetheless, careful use of regular
multidisciplinary foot clinic review and staged debridement ensures
wound healing eventually occurs.

Outcomes of systematic reviews and retrospective studies
assessing DVA for CLTI

Reports of DVA as a treatment option for ‘no option’ CLTI have only
emerged in the last two decades, mostly in the form of case reports
and retrospective cohort studies. Summarising the observations of
16 retrospective cohort studies looking at a total of 768 patients
undergoing DVA for CLTI, Schreve et al reported a mean 1-year
limb salvage rate of 75% (95% CI 70% to 80%)."" Limb salvage is
defined as the percentage of subjects free from above ankle
amputation of the affected limb. Other outcomes included 30-day
hospital mortality, which ranged from 0% to 10%, and overall
survival, ranging from 54% to 100%. The post-surgery patency of
venous arterialisations, usually measured using duplex ultrasound
in the days following surgery, has been reported as 66-72%.""
More recently, the largest retrospective cohort study to date
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assessed 32 patients with Rutherford category 5 or 6 ‘no option’
CLTI receiving DVA with a Limflow device.™ It reported a 97%
technical success rate, with limb salvage rates 86.8% at 6 months,
79.8% at 12 months and 79.8% at 24 months. Notably, there was
also a statistically significant increase in transcutaneous oxygen
pressure (TcPO2) from 14.5+12.7 mm Hg before surgery to
56.1+11.9 mm Hg 2 years after DVA. TcPO2 measurements
demonstrate perfusion status in the microvasculature of the foot
and are a direct predictor of wound healing.''

Complications of DVA identified in retrospective studies include
postoperative oedema, thrombosis (as was the case in this patient’s
surgery), major cardiac events, bleeding and infection.'?® Perhaps
the most significant flaw of DVA is the loss of DVA primary patency.
Lu et al reported that, in 144 patients undergoing DVA, after 1 year
DVA patency was only 46% (95% Cl 39% to 53%)."® Likewise,
others report a reintervention rate due to loss of primary patency of
65%.'? Furthermore, whilst major amputation occurrence is
reduced through DVA intervention, notably among those going on
to require amputation, angiography demonstrates no occlusion of
the DVA in 75% of cases.'? Duplex imaging of the DVA every 6-8
weeks for the first 6 months post procedure is important due to the
risk of developing venous valve stenoses or neointimal hyperplasia
at the distal stent transition which may require expedited
reintervention to maintain DVA patency.

Limitations of retrospective cohort studies assessing DVA

for CLTI

Since only retrospective observational cohort studies are currently
available to assess DVA for CLTI, publication bias is a major issue in
the field as positive results following DVA are more likely to be
published. Given how rarely DVA is performed, the numbers of
participants reported in individual studies are very low. There is a
lack of randomised controlled trials comparing DVA with other
limb-saving procedures for CLTI (endovascular and bypass surgery)
due to the ‘last resort’ nature of the procedure. Designing a
randomised controlled trial to ascertain the success of DVA is
complicated; given its novelty and associated learning curve, it is
difficult to accurately compare it with established procedures for
CLTI — namely, surgical bypass and endovascular intervention.
Other experimental non-surgical treatment options for ‘no option’
CLTI patients exist — for example, spinal cord stimulation, lumbar
sympathectomy, pharmacotherapy (prostanoids, vasoactive drugs)
or stem cell therapy.® Future studies could aim to compare DVA
with these approaches. Alternatively, one could compare patients
having DVA with those who go on to have amputation without
consideration for DVA using outcomes such as survival, physical
function and quality of life.

In addition, there is a lack of standardisation among cohort
studies in terms of outcome measures: many studies fail to report
on one or more of patient reported outcomes such as subjective
rest pain resolution or improvement in carrying out activities of daily
living, precise haemodynamic outcomes with measurements such
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as ankle brachial pressure index (ABPI) or TcPO2, or anatomical
reporting in terms of patency seen on duplex or angiography. The
outcome of ‘above ankle amputation-free survival’ does not take
into account varying degrees of amputation above the ankle, which
could vary in impact on the patient’s quality of life. Given in our case
there was often a discrepancy between patient reports of pain, the
technical success of DVA formation shown on angiography and the
assessment level of necrosis visible on the foot, we suggest a
detailed assessment of outcomes following DVA should be
undertaken to include subjective (patient reported pain and other
symptoms), haemodynamic and anatomical outcomes. A validated
recommended core outcome set for CLTI studies would be
invaluable.

Furthermore, patients who undergo DVA for CLTI are
heterogeneous. It is difficult to undertake a nuanced subgroup
analysis factoring in, for example, the extent of diabetes
management or WIfl and GLASS classification, all of which
influence amputation-free survival and overall mortality, given the
small number of patients undergoing the procedure. As DVA
becomes more routine, more evidence will emerge to facilitate a
refined understanding of exactly which categories of CLTI DVA is
most effective for.

Future directions
The PROMISE Il trial (ClinicalTrials.gov identifier NCT03970538) is
currently assessing the safety and efficacy of DVA using the
LimFlow device for ‘no option’ CLTI in 120 participants based in the
USA."® Outcomes include major amputation-free survival, primary
and secondary patency and wound healing. Of note, the incidence
of contrast-induced nephropathy will also be assessed, which is
missing from most reports."'21% The technique used in our centre
is similar to the LimFlow device, but potentially cost saving as it is
performed with standard endovascular access, wires and devices.

In order to effectively provide a robust evidence base for DVA,
ideally PROMISE II' will address several limitations of the existing
literature. Firstly, it should report multiple outcomes such as
subjective patient-reported measures, functional assessment of
patient mobility as well as precise haemodynamic measures such
as ABPI and TcPO2. Furthermore, patients in the trial should be
followed up with regular arteriovenous imaging to determine
DVA patency and determine which factors could be linked to
re-occlusion and loss of patency, as this appears to be the main
drawback of the procedure.'”'® Finally, trials could account for
subject heterogeneity by stratifying patients into different
subgroups. Assessing these subgroups separately will enable the
creation of a model that predicts for whom DVA would be most
effective and appropriate. The PREVENT lll risk score has already
been established for estimating amputation-free survival in patients
with CLTI undergoing infrainguinal bypass — a similar risk score
could be established here."”

We propose that, in conjunction with PROMISE II, centres
performing DVA should carefully monitor the incidence of
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KEY MESSAGES

+ DVAis a promising intervention for patients with ‘no
option” CLTI improving wound healing, avoiding
amputation and improving patient mobility.

»  Complications of DVA include thrombus formation
within the DVA as well as a loss of patency in the graft
requiring re-intervention.

+ Initial worsening necrosis may be observed despite
DVA graft patency, but given regular multidisciplinary
foot clinic review with debridement, healing will occur.

intraoperative complications, follow up long-term patency and link
these to functional assessments of patient mobility and quality of life
(eg, using SF-36 questionnaires). This will facilitate a holistic
assessment of the role of DVA in improving the lives of a complex
group of patients with multiple co-morbidities.

Conclusion

For patients with ‘no option” CLTI, amputation has traditionally been
likely. Ultimately, this patient demonstrates that DVA is a promising
option for patients with ‘no option’ CLTI, avoiding amputation,
improving wound healing and patient mobility. Notably, this case
highlights two important complications of DVA: thrombus formation
and re-intervention to maintain patency. These are key areas that
need to be addressed in this continuously developing area of
vascular surgery. Furthermore, initial temporary extension of
forefoot necrosis is often observed after successful DVA formation.
With off-loading, regular foot clinic review and staged debridement
we have found this stabilises and excellent granulation tissue
formation and wound healing eventually occurs. Our case suggests
that, in patients in whom a DVA remains patent for at least 8-12
weeks, healing and avoidance of major amputation is possible.
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