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Abstract

Patients with CLTI often face long delays from referral to the vascular surgery service
and hospital admission to revascularisation, and there is limited evidence on the effect
of these delays on patient outcomes. This thesis aims to identify factors associated with

delays to treatment in patients with CLTI and explore interventions to address them.

The first cohort study estimated that only 51% of patients admitted as emergencies with
CLTI have revascularisation within the recommended 5-days. Factors associated with
delayed revascularisation were older age, more comorbidities, presence of infection and
tissue loss, open procedures, and admission later in the week. The latter reflects how
services are organised and supports arguments for 7-day vascular service. A further
cohort study found that the delays from emergency admission to revascularisation were
independently associated with higher 1-year mortality in patients undergoing
revascularisation for CLTI with tissue loss but not in those with less severe forms of PAD,

and there was no evidence of an association between delay and major amputation.

Subsequently, a Quality Improvement Collaborative (QIC) between eleven vascular
centres was implemented to identify interventions that can reduce delays to
revascularisation. These interventions significantly increased the proportion of patients
revascularised within 5-days, and reduced the length of hospital stay and 30-day
readmission rate compared to baseline performance. The reduction in LOS and
readmission rate were significantly higher than in non-participating centres. A mixed
methods study of semi-structured interviews and an online survey with participating
clinicians identified factors that influenced the local uptake of changes and the success

of this vascular QIC.

Finally, the COVID-19 pandemic was an important contextual factor during the QIC.A
cohort study examining its effect found a 28% reduction in vascular lower limb activity
during the COVID-19 pandemic more marked for elective revascularisation procedures,

and increased mortality related to concomitant SARS-CoV-2 infection.
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Chapter 1. Introduction
1.1 Chronic Limb-Threatening Ischaemia — the problem and context

1.1.1 Epidemiology

Peripheral Arterial Disease (PAD) is a circulatory condition where blood flow is reduced
due to narrowing (stenosis) or blockage (occlusion) of the blood vessels. In some
contexts, the term is used for all arterial diseases other that those involving the aorta
and the coronary arteries, such as mesenteric, renal, upper limb, extracranial carotid
and vertebral artery disease®. However, in this thesis, the term PAD is used to describe
the condition affecting the arteries of the lower limbs, from common iliac to pedal. PAD
can be acute or chronic. Presence of severe symptoms for less than 2 weeks is
considered Acute Limb Ischaemia (ALl), which may present with pain, pallor,
poikilothermia, paraesthesia, paralysis or pulselessness, and is associated with limb loss
if not treated immediately?. PAD is considered chronic when symptom duration is longer
than 2 weeks. Patients can be asymptomatic, present with claudication, defined as pain
in the lower limbs on exertion that is relieved by rest, or have chronic limb-threatening

ischaemia (CLTI). CLTI is the most severe form of PAD and includes any patient with:

e rest pain with objective haemodynamic changes indicative of ischaemia (Ankle-
Brachial Pressure Index <0.40, ankle pressure <50 mmHg, toe pressure <30
mmHg, transcutaneous partial pressure of oxygen (TcPOz) <30 mmHg, flat

monophasic Doppler waveforms), or

e tissue loss, in the form of ulceration or gangrene3.

It is caused by atherosclerosis of the lower limb arteries, while trauma, emboli, ALI,
venous disease or non-atherosclerotic conditions, such as vasculitides and Buerger’s
disease are excluded from the definition3. The term CLTI replaced the previous term
“Critical Limb Ischaemia” often used in the cited literature, which was introduced in
1982 only for patients without diabetes?, and was further defined in the Trans-Atlantic
Inter-Society Consensus (TASC) in 2000 as a condition characterised by chronic
ischaemia with rest pain or ulcer necrosis and objective haemodynamic changes (ankle

pressure < 50-70 mmHg or toe pressure < 30-50 mmHg) that usually results in major
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amputation within 6 months if not treated®. The haemodynamic thresholds included in
that definition only focused on ischaemia and did not take into consideration other
aspects of the spectrum of the disease that can also lead to amputation, such as
neuropathy, infection and wound characteristics. These aspects are included in the new

broader CLTI definition and perfusion is considered in this context?.

Globally PAD affects 237 million people or 5.6% of the population aged over 25 years,
73% of which live in low and middle-income countries®. This number increased by 17%
between 2010 and 2015. In the United Kingdom (UK) in 2015, it was estimated that 3.2
million people or 6.9% of the population had PAD®. There is limited information about
the epidemiology of CLTI, but due to the increase in the prevalence of diabetes and life
expectancy that results in an aging comorbid population, the prevalence of CLTI has also
gradually increased over the years. A US study reported a mean prevalence of 1.3%
between 2003 and 2008, with 11% of patients with PAD progressing to CLTI’. In the UK
it has been estimated that CLTI affects 500 to 1000 patients per million annually and

costs £200 million to the National Health Service (NHS)2.

1.1.2 Risk factors

Risk factors for PAD and CLTl include individual habits, such as smoking, diet, sedentary
lifestyle, conditions such as diabetes, hypertension, dyslipidaemia, and chronic kidney

disease, and patient demographic characteristics such as older age® (Table 1).

Table 1 — Risk factors for development of PAD

Risk factor Odds ratio (OR), 95% ClI
Current smoking 2.82 (2.00-3.98)
Obesity 1.55 (1.23-1.96)
Diabetes 1.89 (1.68-2.13)
Hypertension 1.67 (1.50-1.86)
Dyslipidaemia 1.51 (1.02-2.24)
Chronic Kidney Disease 1.79 (1.03-3.12)
Older age (10-year increments) 1.55 (1.38-1.75)
Male gender 0.74 (0.61-0.91)

Based on data in a meta-analysis by Song et al.®
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Tobacco smoking is considered the most important modifiable risk factor for PAD. It
promotes atherosclerosis by inducing endothelial cell dysfunction, macrophage
differentiation into foam cells, smooth muscle cell proliferation and migration, and
extracellular matrix remodelling through an increase in oxidative stress and
inflammation®. Pack-years of tobacco smoking have a dose-response relationship with
the development of PAD, which is stronger compared to coronary artery disease and
stroke, and the effect on PAD persists for 30 years after smoking cessation as opposed
to 20 years in coronary disease!’. Compared to non-smokers, the risk of developing PAD
is 3 times higher for current smokers (odds ratio (OR) 3.08, 95% Confidence Interval (Cl)
2.56-3.69) and 1.8 times higher for ex-smokers (OR 1.76, 95% Cl 1.58-1.97), based on a
meta-analysis of 55 studies!. There is even evidence of the negative effect of exposure
to environmental tobacco smoke on the development of PAD in non-smokers!?. Smoking
has also been associated with higher risk of disease progression, major adverse
cardiovascular events (MACE)'3, delayed wound healing and re-occlusion of native
arteries after endovascular intervention for CLTI*#, respiratory and wound complications
and failure of bypass grafts after open revascularisation'>6, The Global Burden of
Diseases, Injuries, and Risk Factors Study (GBD) 2017 highlighted smoking as the 2™
highest risk factor for mortality and disability-adjusted life-years after hypertension,
with an increase in smoking-attributable deaths by 25% since 1990 and association with

17,000 deaths from PAD in 2017%7.

The prevalence of smoking has been falling in recent years, but the use of electronic
vaping cigarettes is becoming more common. There is a growing body of evidence that
vaping causes a temporary increase in blood pressure, heart rate and arterial stiffness,
has an adverse impact on oxidative stress and platelet function, and is associated with
increased risk of atrial fibrillation and myocardial infarction?®1°, These effects are less
severe than those of traditional tobacco combustion cigarettes, and electronic
cigarettes are more effective in helping smokers of traditional cigarettes quit compared
to nicotine replacement therapy?®. However, their long-term safety especially for
adolescents and young adults, and their association with the development of PAD still

remain unclear and further research is urgently needed on this topic??.

24



Nutritional intake also influences the development and progression of PAD. There is
evidence that the Mediterranean diet, which is rich in polyunsaturated fats from olive
oil, nuts and seeds, high amount of fibres and vegetables, and low intake of red and
processed meats, is associated with lower incidence of PAD??724, It is also protective
from other cardiovascular events and mortality, thanks to its anti-inflammatory and
antioxidant properties?. Specific food groups with protective properties against PAD
include legumes, dietary fibre, vegetable protein and nuts?2?4. Conversely, malnutrition
and sarcopenia have a negative effect on wound healing, major amputation risk and

incidence of major cardiovascular events and mortality in the CLTI population?®-28,

Additionally, increasing body mass index (BMI) was independently associated with
development of CLTI in a longitudinal study of 13,988 patients without PAD at baseline,
with obese patients having approximately 1.5 times higher risk of developing CLTI%.
Obese patients are also more likely to develop surgical site infection and respiratory
complications after revascularisation3. However, the “obesity survival paradox”,
according to which obese patients have significantly lower mortality compared to those
with normal weight, has also been observed in multiple studies and a large meta-analysis
of 5,735,578 individuals with PAD and CLTI regardless of age, gender and
comorbidities3734. Regarding exercise, there is evidence that the risk of hospitalisation
due to CLTI decreases as the amount and intensity of physical activity increases®®.
Supervised exercise programmes are beneficial and part of the treatment
armamentarium for patients with intermittent claudication®, but individuals with CLTI
cannot participate due to their reduced functional status, ischaemic pain and foot

wounds that limit their mobility.

Diabetes is the second most important risk factor for PAD and CLTI, with a reported OR
of 1.89 (95% CI 1.68-2.13)® and population attributable fraction of 14% (95% CI 10-19)%’.
The prevalence of PAD in patients with diabetes over 40 years of age has been reported
as 20%8, while 4.6% of patients with diabetes have a foot ulcer®. The global prevalence
of diabetes increased by 130% between 1990 and 2017 and maintains an upward
trend®’, therefore the association between CLTI and diabetes is of particular importance
for service planning. Patients with diabetes exhibit different symptoms and disease
morphology than non-diabetic PAD patients. For example, diabetes is associated more

25



strongly with femoro-popliteal and infrapopliteal atherosclerosis, while smoking and
hypertension mainly affect aorto-iliac and femoral vessels3®. It is worth noting that
diabetes affects both main trunk arteries such as the crural arteries (macroangiopathy)
as well as capillaries (microangiopathy), through increased inflammation, endothelial
cell dysfunction that accelerates atherosclerosis, changes in platelet function and
induction of a hypercoagulable state32. The associated motor neuropathy leads to foot
deformity and the sensory neuropathy reduces sensation, including pain, which in turn
delays the detection of ischaemia and ulcers. Finally, patients with diabetes are
susceptible to infections that can deteriorate rapidly, due to impaired immune function,
such as white blood cell function. Due to these characteristics, patients with PAD and
diabetes have more diffuse distal disease, are likely to develop ulcers and necrosis early
in the disease progression, experience delayed healing of their ulcers that often become
infected and have a higher risk of major amputation (Hazard Ratio (HR) 1.86, 95% ClI
1.37-2.53)+42, They also tend to have other conditions related with diabetes, such as
hypertension, hyperlipidaemia, ischaemic heart disease and renal disease. There is
conflicting evidence on the effect of diabetes on major amputation risk after
revascularisation for CLTI, as a US cohort study found no association*?, while a study
using Swedish registry data reported a positive association (HR 1.45, 95% Cl 1.32-1.60)*4.
However, poor glycaemic control has been associated with higher risk of restenosis (HR
1.49, 95% Cl 1.31-1.78) and more major adverse limb events (MALE) after infrapopliteal

revascularisation for CLTI*°.

Elevated blood pressure has also been associated with atherosclerosis and is a risk factor
for the development of PAD and CLTI (Table 1). The population-attributable fraction of
hypertension for PAD has been reported as 41% with a hazard ratio of 2.423’. In a study
examining the relationship between blood pressure thresholds and risk of CLTI,
individuals with systolic blood pressure (SBP) > 140 mmHg were 3 times more likely to
develop CLTI (adjusted HR 3.31, 95% Cl 1.89-5.80) and those with SBP 130-139 mmHg
were 2 times more likely (aHR 2.33, 95% ClI 1.27—-4.30), compared to normal SBP values
below 120 mmHg?®®. Additionally, patients with diastolic blood pressure (DBP) > 90
mmHg had 2.7 (95% Cl 1.38-5.27) times higher risk of CLTI*¢. Despite the detrimental

effect of hypertension on PAD, CLTI and other cardiovascular conditions, patients
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remain undertreated, with 50% presenting with uncontrolled blood pressure that may

accelerate disease progressiont’48,

Accumulation of apolipoprotein B-containing lipoproteins (low density and very low
density lipoproteins) in the subendothelial space of the arterial wall contributes to
atherosclerotic plague formation, therefore dyslipidaemia is a risk factor for PAD and
CLTI. High triglyceride levels and total cholesterol-to-high density lipoprotein cholesterol
(HDL-C) ratio have been associated with the development of PAD, while increased HDL-
C has a protective effect**=1. Interestingly, low-density lipoprotein cholesterol (LDL-C)
and total cholesterol are risk factors for coronary disease but less so for PAD®. It is
expected that novel lipid markers, such as the nuclear magnetic resonance-derived
measures of LDL particle concentration currently being developed may allow better risk

stratification for PAD*°.

Chronic Kidney Disease (CKD) is another independent risk factor for PAD and CLTI. This
causal relationship is triggered by several pathophysiological mechanisms, such as
changes in bone mineral metabolism, inflammation, and presence of uraemic toxins>2.
CKD-induced inflammation exacerbates vascular calcification and endothelial
dysfunction, while the uraemic toxins have prothrombotic properties and further
contribute to oxidative stress and inflammation. Simultaneously, the reduced
production of proangiogenic mediators in CKD inhibits angiogenesis, thus impairing the
development of a collateral vascular network that could reduce the severity of ischaemic
symptoms>3. The prevalence of PAD in patients with CKD is estimated to be 25-33%,
compared to 9% in people with normal renal function®3. A meta-analysis of 817,084
individuals found that deteriorating kidney function (CKD stage 3-5) was independently
associated with 1.2 to 2 times higher incidence of PAD compared to those without
kidney disease”*. On the other hand, in a cohort study of 460,591 patients from Canada
the prevalence of moderate to severe kidney disease (CKD stage 3-5) was 30% in the
PAD population compared to 10% in those without PAD>°. Combined presence of PAD
and CKD is associated with higher risk of cardiovascular events, lower limb
complications, amputations and mortality compared to PAD patients without CKD>%>>,
Similarly, a US study reported that 22.6% of over 2 million patients hospitalised with CLTI
had CKD. These patients were less likely to undergo revascularisation and had higher
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rates of in-hospital mortality (4.8% vs 2.5%, OR 2.01, 95% ClI 1.93-2.11) and major
amputation (OR 1.04, 95% Cl 1.02-1.07) compared to patients without CKD>®. The
difference in adverse outcomes between people with and without renal disease is even
more prominent after revascularisation, in terms of major cardiac events (5.2% vs. 2.5%;
adjusted OR 1.74, 95% Cl 1.40-2.16) and amputations (26.1% vs. 12.2%; aOR 1.33, 95%
Cl 1.19-1.50)°’. Haemodialysis is also an independent risk factor for lower limb
complications, as patients with CLTI on dialysis have 40% 1-year and 80% 5-year

mortality after revascularisation>>°8,

Increasing age is strongly associated with development of PAD (Table 1). Globally, the
prevalence of PAD is estimated as 3.6% in the 35-39 age group, compared to 6.6% in the
55-59, 12.9% in the 75-79 and 19.3% in the 85-89 age group® (Figure 1). The same study
found an interesting relationship between PAD prevalence with gender. The condition
was more frequent in women compared to men for age groups up to 70 years and in
men over 70 years (Figure 1)8. This finding is in contrast with previous literature
suggesting that women present with PAD on average 10 years later than men, due to
the vascular protective effect of oestrogen®. The greater number of women in the
population also means that there may be a higher total population burden of PAD in
women (123.6 million vs. 113 million in 2015)®, but women only account for 32-37% of
participants in most studies of revascularisation outcomes®. Multiple studies have also
found that women are older at the time of intervention, are more likely to present with
CLTI and less likely to receive guideline-recommended medications®®®!, Indicatively, a
large study from Germany reported that more men were hospitalised with CLTI than
women (57% vs 43%), men were younger, suffered more frequently from dyslipidaemia,
diabetes and ischaemic heart disease and were more likely to undergo revascularisation
procedures®?. Additionally, they had worse overall survival and amputation-free survival
during follow-up®2. Men with CLTI were also reported to have a higher mortality risk (HR
1.08, 95% Cl 1.05-1.10) in a recent systematic review®. However, the gender effect on
survival after revascularisation is uncertain with studies generating inconsistent results,

and further research is required in this area®.
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Figure 1 — Prevalence of PAD (%) by age and gender in high-income countries (HIC) and

low and middle-income countries (LMIC)

1.1.3 Diagnostic assessment

Clinical presentation of CLTI

The diagnostic process for CLTI starts with clinical evaluation through a careful history
and clinical examination, when a patient presents with relevant symptoms and signs.
Typical symptoms include calf pain when walking very short distances and at rest.
Patients usually describe pain in their forefoot that is worse at night or when raising the
leg and is relieved by dependency, which often results in them sleeping in a reclining
chair with their foot hanging down. In more advanced stages, patients can present with
gangrenous lesions or with ischaemic ulcers in the feet, especially when foot deformity,
diabetic neuropathy or altered biomechanics are present. Other symptoms that indicate
peripheral neuropathy are tingling sensation, burning pain, and numbness in the feet,
which increase the risk of ulcer formation in areas of abnormal pressure. It is also
important to ascertain the patient’'s comorbidities, cardiovascular risk factors,

medications, previous revascularisation attempts and functional ambulatory status.
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These factors may affect the decision-making process and treatment options suitable
for individual patients®*®>, For example, previous revascularisation procedures with vein
grafts may limit the choice of available conduits, while patients with poor functional
status have high risk of adverse events after revascularisation for CLTI and uncertain

benefit®®.

Signs of ischaemia that can be found during clinical examination include absence of
pulses, thin and hairless skin that is cool to touch, and increased capillary refill time (over
five seconds)®. Rubor on dependence and pallor on elevation, also known as sunset foot,
form a positive Buerger sign and indicate severe ischaemia®’. Conversely, erythema and
warmth that persists with elevation may be indicative of infection, ranging from cellulitis
to abscess. Palpation of the pulses (femoral, popliteal, dorsalis pedis and posterior tibial)
is an important diagnostic tool, because their absence may indicate the level of
atherosclerotic disease® . The feet and toes should also be checked for wounds, and
their size, depth and location should be noted, so they can be monitored after treatment
has commenced. Finally, the ulcer depth and bone involvement should be checked with
a probe-to-bone test, which has high sensitivity (87%, 95% Cl 75-93%) and specificity
(83%, 95% Cl 65-93%) for osteomyelitis’®.

Due to the multitude of other conditions that can resemble CLTI, such as Buerger’s
disease, vasculitides and collagen diseases, the clinical findings should be supported by
haemodynamic evaluation and if appropriate arterial imaging of the lower limbs. These

can support diagnosis and guide treatment planning.

Haemodynamic tests

Bedside haemodynamic tests to evaluate the presence and severity of CLTI are
recommended as first line diagnostic investigations. These include the ankle-brachial
pressure index (ABPI), toe-brachial pressure index (TBPI), ankle pressure (AP) and toe
pressure (TP) measurements, and continuous wave Doppler (CWD)’* (Table 2). The ABPI
is calculated as the ratio of the highest systolic blood pressure in the ankle (dorsalis pedis
and posterior tibial arteries) and the highest systolic blood pressure in the brachial
arteries using a sphygmomanometer cuff and a Doppler probe with the patient supine’?.

ABPI values below 0.9 are considered diagnostic for PAD, below 0.4 diagnostic for CLTI,
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and over 1.4 are considered inaccurate and alternative assessment methods should be
used’?. It is also possible to perform post-exercise ABPI measurements, which have
greater sensitivity than resting ABPI (88% vs 64%, respectively)’3. Even though ABPI and
AP tests are easy to perform, their findings may be less reliable in people with diabetes
and CKD, due to the heavy medial arterial calcification that renders the arteries

incompressible and give falsely elevated ankle pressures’’>.

In these cases, TP, TBPI and toe waveforms are preferred, because digital arteries are
often spared from atherosclerosis. TP is measured by placing a mini-cuff around the first
toe and return of flow is detected using photoplethysmography or continuous wave
Doppler. TBPI is calculated as the ratio of toe systolic blood pressure to brachial systolic
blood pressure. In a large meta-analysis, measurement of ABPI detected stenosis of 50%
or more with a 61% (95% Cl 55-69%) sensitivity and 92% (95% Cl 89-95%) specificity,
while for TBPI sensitivity was 81% (95% Cl 70-94%) and specificity 77% (95% Cl 66-90)7°.
Seven direct comparative studies of the two modalities showed that TBPI had higher
sensitivity (82% vs 52%) and overall diagnostic accuracy (diagnostic OR 16.4 vs 11.0)
compared to ABPI, but lower specificity (77% vs 94%)7°.

Monophasic and low amplitude waveforms obtained using CWD also indicate severe
ischaemia compared to normal triphasic waveforms, but are harder to interpret. In a
recent systematic review of bedside tests for PAD, loss of the triphasic signal during CWD
performed best at ruling-out PAD compared to ABPI, TBPI and TP measurements, while

the other methods were better at diagnosing the disease’%.

Finally, transcutaneous oximetry is a newer method that assesses tissue perfusion by
measuring the transcutaneous partial pressure of oxygen (TcPO;) in the distal limb using
electrodes and comparing it to a reference value. It is not affected by calcification, but
it is time consuming and may have limited accuracy when oedema and infection are
present3. This method can predict wound healing in patients with CLTI with moderate
sensitivity (72%, 95% Cl 61-81%) and good specificity (86%, 95% Cl 68-95%)’’. TcPO; <
10 mmHg has also been found to predict major amputation in patients with CLTI (OR

2.3,95% Cl 1.5-3.5)78,
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Haemodynamic values used to diagnose CLTI are presented in Table 2. Based on a
systematic review published in 2020, TP =30 mmHg, TcPO2 225 mmHg and skin
perfusion pressure 240 mmHg were the most useful tests at predicting the probability
of healing of diabetic foot ulcers, while AP <50 mmHg, ABPI< 0.5, TP <30 mmHg, and

TcPO2 < 25 mmHg were associated with increased probability of major amputation”®.

Table 2 — Haemodynamic values that represent normal perfusion and manifestations

of CLTI
Haemodynamic test Normal values Rest pain Tissue loss
ABPI >0.9 <04
AP <50 mmHg <70 mmHg
TBPI >0.7 <0.3
TP <30 mmHg <50 mmHg
TcPO, > 60 mmHg <20 mmHg <40 mmHg

Duplex ultrasound (DUS)

The main limitation of the previously discussed bedside haemodynamic tests is that they
do not provide information about the anatomic characteristics and location of the
atherosclerotic lesions, therefore imaging is required to determine the extent and
severity of disease. Duplex ultrasound is recommended as the first-line imaging modality
by national and international guidelines®#. It has important benefits over other imaging
methods, as it allows both evaluation of plague morphology in calcified vessels and
haemodynamic measurements, such as flow volume and velocity, without the use of
contrast or ionising radiation. It can be used to ascertain the patency of the
infrapopliteal and pedal vessels, but examination may be hindered by the presence of
leg ulcers, and it may be hard to visualise the aorta and iliac arteries, due to body habitus
and bowel gas®. It is also a dynamic test that depends on the skill of the operator and
very few images can be saved, so the operating clinician is mainly guided by the imaging
report. Duplex ultrasound can also be used to assess graft or stent patency following
revascularisation and during follow-up to detect “at risk” grafts or native artery re-
stenoses®?83,
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Computed Tomography Angiography (CTA)

For aorto-iliac lesions, cross-sectional imaging in the form of CTA has advantages over
DUS. CTA is fast, less operator dependent, and usually available in- and out-of-hours.
CTA provides a wealth of information about the anatomic distribution of the arterial
disease and severity of stenoses®*. Images can be reconstructed and viewed in multiple
planes, which is helpful when planning an intervention. A systematic review and meta-
analysis reported 95% (95% Cl 92-97%) sensitivity and 96% (95% Cl 93-97%) specificity
of CTA to detect more than 50% stenosis or occlusion compared to classic angiography?®°.
However, it involves exposure to radiation and administration of iodinated contrast,
which may be contraindicated in patients with renal disease, acutely unwell or
dehydrated patients due to the risk of contrast-induced Acute Kidney Injury (AKI)®.
Additionally, imaging of crural vessels may be suboptimal, due to the artefact from

heavy calcification in small vessels®4.

Magnetic Resonance Angiography (MRA)

MRA is also a non-invasive imaging modality often used as an alternative to CTA. Its
advantages over CTA include the lack of radiation and use of gadolinium instead of
iodinated contrast, which is safer for patients with impaired renal function. This
modality allows visualisation of the entire lower limb arterial tree without degrading
from arterial calcification and is recommended by the National Institute for Health and
Care Excellence (NICE) guidelines as the second line investigation after Duplex
ultrasound®. A meta-analysis of studies comparing MRA with digital subtraction
angiography in PAD reported sensitivity of 95% (95% Cl 92-96%) and specificity of 96%
(95% Cl 94-97%) for MRA¥. Its main limitation is the long image capture time and the
limited availability of MRA slots especially out of hours, which are of particular
importance in CLTIl, where timely diagnosis and treatment is crucial. Moreover, it may
not be well tolerated by patients with claustrophobia, while patients with older non-MRI
compatible implanted devices such as pacemakers and defibrillators cannot be scanned.
Finally, gadolinium-based contrast agents have been associated with risk of nephrogenic
systemic fibrosis in patients with renal disease®. To mitigate this risk, non-contrast MRA

techniques have been developed, which are highly accurate (sensitivity 88%, 95% Cl 85-
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91%; specificity 94%, 95% Cl 92-96%) and can be used in patients with renal failure or

contrast allergy, but are not currently widely adopted in the NHS®.
Digital Subtraction Angiography (DSA)

DSA is still considered the gold standard for evaluating the lower limb arterial
circulation, especially for infrapopliteal vessels, and is usually performed when
revascularisation is considered. It allows the visualisation of the extent of the arterial
disease from the aorta to the foot and provides information about collateral circulation.
However, it is an invasive procedure with possible access site complications, and
exposure to ionising radiation. Due to the iodinated contrast, it also carries the risk of
contrast-induced nephropathy in patients with impaired renal function®. CO,
angiography has been used as an alternative in patients at risk of renal injury or with

contrast allergy, but image quality is inferior and it is not widely available in all centres®*.
PAD and CLTI Classifications

Several classification systems have been developed to grade arterial disease severity
based on signs and symptoms at presentation, haemodynamic criteria, and anatomic
location of the disease. Their purpose is to aid communication between healthcare
professionals and guide clinical decision-making as prognostic tools, estimating the risk
of amputation and mortality and potential benefit from revascularisation. The
classification used throughout this thesis is the Fontaine classification, developed by
Fontaine et al in 1954, which is based on patient symptoms®? (Table 3). The Rutherford
classification, developed in 1986 and updated in 1997, is similarly guided by patient
symptoms but has additional objective criteria of ischaemia in terms of ankle or toe
pressures®3, These two classification systems do not provide accurate risk stratification,
because they focus on perfusion characteristics without considering the extent of tissue
loss and the presence of infection, which influence prognosis in CLTI especially in
patients with diabetes®*. Infection can worsen the underlying ischaemia, as the resulting
inflammation, swelling and abscess formation increase the tissue pressure and require
higher capillary/arterial pressure to maintain the pressure gradient and achieve tissue
oxygenation. Bacteria may cause tissue necrosis and destroy the arteriole network,

which further exacerbates ischaemia.
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To address these limitations, the Society for Vascular Surgery (SVS) developed the
Wound, Ischaemia and foot Infection (WIfl) classification in 2014, which characterises
lower limb lesions in terms of the wound characteristics (size, location, type [ulcer or
necrosis]), the degree of ischaemia (using objective haemodynamic measurements), and
the presence and severity of infection (localised or systemic), which are the main factors
leading to amputation®. Each component is graded on a spectrum from zero (none) to
three (severe), and the resulting combination has been assigned one of four clinical
stages of amputation risk (1-Very low, 2-Low, 3-Moderate, 4-High) through a Delphi
consensus process®. The global vascular guidelines recommend the use of the WISl
classification system in all patients presenting with CLTI, as it can be used to predict
amputation risk and wound healing®. According to a recent systematic review and meta-
analysis, the estimated risk of 1-year major amputation in CLTI patients was 0% for WIfl
stage |, 8% (95% Cl 3-21%) for stage Il, 11% (95% Cl 6-19%) for stage Ill, and 38% (95%
Cl 21-58%) for stage IV, but the overall level of evidence of the included studies was
low®®. Other studies have demonstrated that WIfl is independently associated with
wound healing in diabetic foot ulcers (WIfl 4 vs 1 HR 0.44, 95% Cl 0.33-0.59, WIfl 4 vs 3
HR 0.77, 95% Cl 0.67-0.88)°7%8, and 2-year mortality risk in CLTI patients undergoing
endovascular revascularisation (HR 1.18, 95% Cl 1.01-1.38)%°. The WIfI classification can
also be used to identify patients that would benefit from revascularisation, as patients
in the questionable benefit cohort often required amputation despite revascularisation,
possibly due to the wound size or infection burden)°%19%, Finally, WIfl restaging at 1-
and 6- months after revascularisation is also recommended, as it has been associated

with amputation-free survival and may identify patients at increased risk of limb loss1°2.

Separate classification systems have been developed for diabetic foot ulcers (DFU)3.
The Meggitt-Wagner classification was described in 1976 and graded wound depth and
gangrene on a scale from zero to five, but did not include a haemodynamic component
to differentiate ischaemic from infective gangrene, and did not separate bone from soft
tissue infection®. Similarly, the University of Texas classification provided a matrix to
grade ulcer depth and the presence or absence of infection and ischaemia (ankle-
brachial index < 0.8), but did not consider gangrene and did not grade the severity of

ischaemia and infection!®. More recently, the Infectious Diseases Society of America
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(IDSA) and the International Working Group on the Diabetic Foot (IWGDF) developed a
system with four grades solely to describe the severity of infection in DFUs, which has
been validated as risk prediction tool for hospitalisation, major and minor
amputationi®107 The most widely used tool currently in the UK is the Site, Ischaemia,
Neuropathy, Bacterial infection and Depth (SINBAD) classification, which is easy to use,
as it does not require measurements with specialist equipment, includes all the
important factors that may delay would healing and has high inter-observer reliability°8.
To clear the confusion around the multitude of DFU classification systems currently in
use, the IWGDF recommended in its 2019 guidelines three classifications depending on
context and purpose: SINBAD for communication among health professionals and audit,
WIfl for assessment of perfusion and benefit of revascularisation, and IDSA/IWGDF for

assessment of infection?7,

Finally, the Global Limb Anatomic Staging System (GLASS) has been proposed in the 2019
global vascular guidelines as a classification system for the anatomic pattern of
infrainguinal arterial disease in CLTI3. The anatomic stage in GLASS (I —IIl) correlates with
the technical complexity of revascularisation of the “target arterial path” that achieves
pulsatile in-line flow to the foot (Table 4). It is determined by combining the femoro-
popliteal disease grade (0-4) and the infrapopliteal disease grade (0-4), which are based
on length of disease, location, and level of occlusion, and increase by one if there is
severe calcification (>50% of circumference). There are additional categories for aorto-
iliac (stage |, Il) and infra-malleolar arteries (PO, P1, P2). GLASS stage | represents low
complexity disease with less than 10% technical failure and over 70% 1-year estimated
limb patency, while stage Ill is high complexity disease with more than 20% technical
failure and less than 50% 1-year limb patency3. GLASS is superior to previous anatomic
classification schemes such as TASC Il, because it accounts for the presence of multilevel
lesions encountered from the aorta to the foot, whereas previous ones focused on
location and severity of individual arterial lesions'%. However, the grades have complex
definitions and require detailed angiographic imaging, which may not be available for all
patients. Additionally, it is less suitable for open surgical interventions, as it does not
take into account the bypass conduit or the quality of distal run-off. In the first validation

study published in 2020, GLASS stage was strongly associated with amputation-free
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survival (HR 1.37,95% Cl1 1.01-1.85), limb salvage (HR 1.96, 1.12-3.43), and freedom from
MALE (HR 1.49, 1.04-1.87) following endovascular interventions but not after bypass**©.
Two further studies had mixed results, therefore further research is required to evaluate

this classification as prognostic and decision tool!1%112,

Table 3 — Fontaine and Rutherford classifications for chronic limb ischaemia

Fontaine classification Rutherford classification
Stage | Asymptomatic 0 Asymptomatic
Stage I Mild claudication 1 Mild claudication
Stage IIA  Claudication distance >200m | 2 Moderate claudication
Stage lIB Claudication distance <200m | 3  Severe claudication
Stage lll Rest pain 4  Rest pain

Minor tissue loss (non-healing
ulcer, focal gangrene)

Stage IV Necrosis and/or gangrene Major tissue loss (extending

6 above transmetatarsal level,
functional foot not salvageable)

CLTI

Table 4 — GLASS stage (I-Ill), determined by combining the femoro-popliteal and

infrapopliteal grade

Femoro-popliteal Infrapopliteal grade

grade 0 1 2 3 4
4 1] Il 1] 1] 1]
3 I I I 1 11
2 I I I Il 11
1 [ [ I I 1l
0 I [ Il 11
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1.1.4 Management

The aim of treatment in CLTl is to relieve ischaemic pain, preserve a functional limb, help
with wound healing, reduce the risk of major cardiovascular adverse events, improve
quality of life, and prolong survival. To decide on the most appropriate treatment, the
patient’s periprocedural risk, benefit from the intervention and life expectancy should
be considered along with the anatomic pattern of disease and the risk of limb loss based
on presence of ischaemia, infection, and tissue loss. Therapeutic approaches for patients
with CLTI include medical treatment with cardiovascular risk factor modification, and
revascularisation in the form of open surgery, endovascular, or hybrid interventions.
When revascularisation is not possible or advisable, options are mostly limited to
primary amputation or palliative management with symptom control. Failure of the
revascularisation procedures over time by re-occlusion of the vessels or delay in

treatment may also lead to amputation. National'!® and European'!*

guidelines outline
the optimal management of patients with CLTI based on current research evidence, but

they sometimes do not translate into everyday medical practice!®.
Cardiovascular risk factor modification

Cardiovascular mortality is 3 to 5 times higher in patients with CLTI compared to the
general population, reaching 11% at 1-year and 29% at 5-years in a Dutch study!!®. Risk
factor modification aims to reduce cardiovascular morbidity and mortality in patients
with PAD and can be performed through lifestyle changes (smoking cessation, exercise,
diet) and pharmacological treatment. Specifically, antithrombotic and lipid-lowering
medications are considered best medical therapy and form part of the primary and
secondary prevention of PAD, while control of blood pressure and glycaemic control in
people with diabetes are also strongly recommended?®. Adherence to these guideline-
recommended therapies can decrease MACE (HR 0.64, 95% ClI 0.45-0.89), MALE (HR
0.55, 95% Cl 0.37-0.83), and mortality (HR 0.56, 95% Cl 0.38-0.82) in patients with PAD,

compared to patients who do not receive all of them*?'’.

Smoking cessation is the most important lifestyle change for patients with CLTI,
associated with significantly lower risk of all-cause mortality in patients with PAD and

other cardiovascular risk factors!3*8, Various national and international CLTI guidelines
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recommend that active smokers receive counselling, behavioural modification therapy
or pharmacotherapy, such as nicotine replacement therapy (NRT), bupropion,
varenicline and cytisine, at the time of diagnosis with PAD or CLTI and at every
subsequent medical review!32, Nevertheless, a study evaluating adherence to
guideline-recommended therapy in three countries reported that only 72% of patients
with PAD received smoking cessation counselling''®>. A Cochrane network meta-analysis
of 267 trials concluded that pharmacologic interventions for smoking cessation were
effective in the general population of smokers!'®. However, a recent meta-analysis of six
randomised controlled trials (RCTs) found that smoking cessation programmes
comprising of physician advice, behavioural counselling and NRT were not effective in

helping people with PAD to quit smoking (risk ratio (RR) 1.48, 95% Cl 0.84-2.61)%°,

In addition to advice about lifestyle changes, all patients with CLTI should receive an
antiplatelet agent to prevent cardiovascular events according to guidelines, and various
studies have explored the optimal treatment regime for this population®3*21, Even
though studies in the 90s showed the efficacy of Aspirin in reducing cardiovascular
events'?27124 3 meta-analysis of 18 studies comparing Aspirin with placebo in patients
with PAD found that Aspirin had no effect on cardiovascular mortality or myocardial
infarction and only conferred decreased risk of non-fatal stroke!?>. Regarding the
effectiveness of Clopidogrel, the CAPRIE RCT found that treatment with Clopidogrel was
associated with 23.8% (95% Cl 8.9-36.2%) relative reduction in risk of ischaemic stroke,
myocardial infarction and vascular death compared to Aspirin in the PAD group'?®, while
the EUCLID RCT concluded that Ticagrelor was not superior to Clopidogrel in reduction
of cardiovascular events or major bleeding®?’. More recently, a meta-analysis of 49 RCTs
reported that Aspirin, Vorapaxar, Cilostazol, and Picotamide were ineffective in reducing
MACE, while a significant reduction was observed with Ticagrelor plus Aspirin,
Clopidogrel (RR 0.72, 95% ClI 0.58-0.91), Ticlopidine, and Clopidogrel plus Aspirin.
Ticlopidine and Clopidogrel plus Aspirin significantly increased the risk of bleeding,
therefore Clopidogrel was considered the option with the most favourable benefit-harm
profile?8, Summarising all the available evidence on the efficacy of antiplatelets in
patients with PAD, an umbrella review of 28 meta-analyses published in 2020 concluded

that antiplatelet monotherapy showed benefit only in reducing non-fatal strokes in
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asymptomatic patients with PAD, while it reduced cardiovascular death (RR 0.78, 95%
Cl 0.63-0.96) and increased the risk of major bleeding in symptomatic patients (RR 1.7,
95% Cl 1.22-2.45)?°. Moreover, two large RCTs explored the combination of Aspirin with
the direct oral anticoagulant Rivaroxaban in PAD30131 patients with symptomatic lower
limb PAD randomised to low-dose Rivaroxaban plus Aspirin in the COMPASS study had
26% lower relative risk of MACE (HR 0.74, 95% Cl 0.58-0.92) and 45% lower relative risk
of MALE, including major amputation (HR 0.55, 95% CI 0.35-0.85), compared with
patients in the Aspirin group, with a 61% increase in the relative risk of major bleeding
(HR 1.61, 95% Cl 1.12-2.31)139132 Based on this evidence, the CLTI Global vascular
guidelines and PAD NICE guidelines recommend the use of Clopidogrel as antiplatelet
monotherapy in these patients, and encourage the consideration of low-dose Aspirin
plus Rivaroxaban (2.5 mg twice daily)3. No studies have compared Clopidogrel with the

Aspirin-Rivaroxaban combination yet.

In addition to cardiovascular risk reduction, antithrombotic medications are beneficial
after revascularisation procedures. Evidence from a network meta-analysis suggests
that dual antiplatelet therapy (DAPT) after revascularization significantly reduces major
amputations compared to Aspirin alone (RR 0.68, 95% Cl 0.46-0.99), but has a slightly
higher risk of major bleeding'?®. DAPT is also independently associated with higher
amputation-free survival after endovascular revascularisation in patients with CLTI*.
Additionally, an umbrella meta-analysis reported improved prosthetic bypass graft
patency (RR 1.47, 95% Cl 1.08-2.02) but higher risk of major bleeding with DAPT after
intervention, highlighting that more evidence is needed for the use of DAPT after
endovascular intervention!?®. Comparably, low dose Aspirin plus Rivaroxaban reduced
cardiovascular and limb adverse events (acute limb ischaemia, major amputation,
myocardial infarction, ischaemic stroke or cardiovascular death) after revascularisation
compared to Aspirin monotherapy (HR 0.85, 95% ClI 0.76-0.96) in the VOYAGER PAD
study, albeit with increased risk of major bleeding (HR 1.42, 95% Cl 1.10-1.84)3%
Therefore, the global vascular guidelines weakly recommend DAPT with Clopidogrel and
Aspirin in patients who have a prosthetic bypass graft for 6-24 months and in those who
have undergone endovascular intervention for at least 1 month, while all other patients

should continue long-term on a single antiplatelet3.
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Lipid-lowering medications have also been shown to reduce the risk of all-cause and
cardiovascular mortality in CLTI. The global vascular guidelines recommend moderate to
high intensity statin therapy in patients with CLTI, to reduce all-cause and cardiovascular
mortality3, and the European Society of Cardiology guidelines recommend specific
targets of below 1.8 mmol/L for LDL-C or reduction by 50% or more if baseline LDL-C is
1.8-3.5 mmol/Lt. The recommendations were partly based on the UK Heart Protection
Study, which reported that compared to placebo, patients with PAD receiving 40mg of
Simvastatin daily had 22% (95% Cl 15-29) relative risk reduction in major vascular
events!33, A meta-analysis of 2 RCTs and 22 observational studies also found that statin
therapy was associated with lower all-cause mortality (HR 0.74, 95% CI 0.70-0.78), MACE
(HR 0.78, 95% Cl 0.65-0.93) and amputations (HR 0.74, 95% Cl 0.62-0.89) compared to
no statin in PAD patients'34, A further systematic review of 19 studies including only CLTI
patients reported a lower risk of major amputation (HR 0.75, 95% CI 0.59-0.95), MACE
(HR 0.50, 95% CI 0.39-0.66) and all-cause mortality (HR 0.62, 95% Cl 0.52-0.75) for statin
compared to no statin therapy**°. Comparison of the two systematic reviews indicates
a greater effect of statins in the CLTI group, which has also been observed when statin

therapy is initiated after the revascularisation procedure®3®,

Additionally, statin therapy seems to have a dose-response effect on cardiovascular risk
reduction®?®’. Adherence to the recommended high-intensity statin dose in patients <75
years old and moderate-intensity statin in older patients undergoing revascularisation
for CLTI has been associated with lower mortality (HR 0.77, 95% Cl 0.60-0.99) and lower
adverse limb events (HR 0.71, 95% Cl 0.51-0.97) compared to those not on the
recommended dose'32. These results are supported by a meta-analysis of PAD patients,
according to which high dose statin resulted in lower risk of all-cause mortality (HR 0.74,
95% Cl 0.62-0.89) and major amputation (HR 0.78, 0.69-0.90) compared to low or
moderate dose statin!34. The main side effect of statin therapy is muscle aching, which
can be mitigated by reducing the dose to the maximum tolerated and adding a non-
statin lipid-lowering drug. Newer medications that reduce the LDL-C have also recently
been assessed in RCTs, most notably the proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors!3®140, A therapeutic agent of this category, Evolocumab, was

associated with a 27% (9.5% vs 13%) relative risk reduction in MACE (HR 0.73, 95% ClI
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0.59-0.91, for cardiovascular death, myocardial infarction, stroke) in PAD patients
already on a statin compared to statin monotherapy in the FOURIER RCT!4!, As PCSK9
inhibitors are very expensive compared to statins, an Australian study evaluated their
cost-effectiveness and reported an absolute risk reduction of 6.1% (95% Cl 2.0-9.3) in
MACE and 13.7% (95% Cl 4.3-21.5) in MALE in the CLTI population, compared to 3.2%
and 5.3% in claudicants respectively, concluding that they are likely cost-effective in

CLTI42,

Control of blood pressure is also highlighted by international guidelines as important for
cardiovascular risk factor modification. Two RCTs, the SPRINT and ACCORD studies, have
compared more intensive (SBP < 120 mmHg) with standard (SBP < 140 mmHg) blood
pressure control in patients at high risk for cardiovascular events with and without
diabetes, respectively'#3144, The SPRINT study group reported significantly lower MACE
(myocardial infarction, stroke, acute coronary syndromes, heart failure and
cardiovascular death, HR 0.73, 95% Cl 0.63-0.86) and all-cause mortality (HR 0.75, 95%
C1 0.61-0.92) in the intensive control group, while ACCORD found no difference in MACE
between groups (HR 0.88, 95% Cl 0.73-1.06). Notably, both studies had significantly
higher rate of serious adverse events attributed to antihypertensive therapy such as
hypotension, syncope, and AKI, in the intensive control group**144 Additionally, a
recent Cochrane systematic review of 7 RCTs in people with previous myocardial
infarction, angina, stroke and PAD did not find a significant difference in all-cause
mortality, cardiovascular mortality or MACE between people with hypertension treated
to a lower (SBP/DBP 135/85 mmHg) compared to standard (140-160/90-100 mmHg)
blood pressure target!*®. These studies were not PAD-specific, but a recent cohort study
of patients with PAD also suggested that patients with SBP lower than 120 mmHg had
higher risk of MACE (myocardial infarction, stroke, cardiovascular death) compared to
patients with SBP 121-140 mmHg (aHR 1.36, 95% Cl 1.08-1.72)%®, These findings are
supported by a sub-analysis of the INternational VErapamil-SR/Trandolapril STudy
(INVEST) RCT, which reported a J-shaped relationship between SBP and the composite
outcome death/myocardial infarction/stroke in patients with PAD, with greater risk in
patients with SBP above 145 mmHg and below 130 mmHg that was not observed in the

non-PAD group'*’. Even though these studies did not specifically refer to the CLTI
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population, there is equivocal evidence about intensive blood pressure control in PAD
and the recommended target levels currently are less than 140 mmHg for systolic and

less than 90 mmHg for diastolic blood pressure®3.

Selected guidelines specifically recommend the use of angiotensin-converting enzyme
inhibitors (ACEI) and angiotensin receptor blockers (ARB) as first-line antihypertensive
medications, but calcium channel blockers and beta blockers have also been used to
lower blood pressure in people with PAD>?!, The HOPE study is the only RCT reporting
outcomes of an antihypertensive on a PAD population and found that administration of
Ramipril reduced the risk of MACE (HR 0.75, 95% Cl 0.61-0.92) compared to placebo*,
Additionally, two observational cohort studies found lower mortality (HR 0.70, 95% Cl
0.57-0.86) with ACEI/ARB in patients with CLTI undergoing revascularisation, while there
are conflicting results about the effect of ACEls on major amputation and re-intervention
rates after revascularisation!4*-1>2, Finally, two systematic reviews reported that there
was no negative effect from beta-blockers and other anti-hypertensive agents on ABPI
and intermittent claudication symptoms®>3%>% Further research is required on the effect

of anti-hypertensive medications on patients with CLTI.

Poor perioperative glycaemic control (haemoglobin Alc > 7%) has also been associated
with higher risk of major cardiovascular and limb events including major amputation?>>-

158 increased mortality!>®

, and higher incidence of restenosis after revascularisation in
people with PAD*, even though some studies have not found this association in patients
with CLTI*®715%160 Cyrrently, the recommended target haemoglobin Alc is less than 7%,
with the global vascular guidelines suggesting Metformin as first line treatment3. Other
options include sodium-glucose co-transporter 2 (SGLT-2) inhibitors, dipeptidyl
peptidase-4 inhibitors, and insulin. Empagliflozin in particular, an SGLT-2 inhibitor, has
been associated with reduced cardiovascular (HR 0.57, 95% Cl 0.37-0.88) and all-cause
mortality (HR 0.62, 95% Cl 0.44-0.88) in patients with PAD®?, but there is evidence of
increased risk of amputation (OR 1.89, 95% ClI 1.37-2.60) with Canagliflozin, another

medication of this class, which should be avoided in this patient group6163,
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Revascularisation

Revascularisation strategies include open surgery, endovascular interventions, and
hybrid procedures, the latter being a combination of the two approaches. Their aim is
to restore pulsatile in-line flow to the foot. More than 7,600 open surgical or hybrid and
16,000 endovascular revascularisation procedures are performed in the UK every
year'®, Open surgery usually consists of a bypass with or without endarterectomy or
endarterectomy alone. Endarterectomy involves removal of the intima and media layers
of the diseased arterial wall along with the atherosclerotic plaque and closure of the
artery with a patch, usually made of bovine pericardium or vein'®. A bypass can be
performed to treat long segments of diseased arteries by joining the proximal (inflow)
and distal (outflow) healthy arteries with a graft. The common femoral and superficial
femoral arteries are the most common inflow vessels. Residual disease in the inflow
vessels reduces flow in the graft and may lead to graft occlusion. Therefore, in case of
iliac or femoral inflow disease, these should be treated prior to or during the bypass
procedure with endovascular techniques or endarterectomy®®, The outflow artery
should provide continuous runoff to the foot and should also be free of disease to ensure

the long-term patency of the graft.

The choice of conduit is of critical importance for the success and durability of the
bypass. Autogenous vein is the first choice graft, especially for infrapopliteal outflow
target vessels, and availability of a suitable vein should be explored through Duplex vein
mapping prior to the procedure3. The great saphenous vein (GSV) of the ipsilateral limb
is the most frequently used conduit. When it is not available because it has already been
used for a coronary bypass or previous lower limb bypass, has been obliterated during
varicose vein surgery or is inadequate, other options include the GSV of the contralateral
limb, small saphenous veins, and the cephalic or basilic vein of the upper limbs, that can
be spliced to provide a longer graft'®>. Vein grafts can be used in situ, non-reversed
translocated or reversed, with non-reversed or in-situ grafts requiring careful lysis of the

vein valves with a valvulotomel®.

Synthetic grafts are made of Dacron or
polytetrafluoroethylene (PTFE) and there is some evidence suggesting that Dacron
grafts are superior to PTFE for femoral to above-knee bypass in terms of secondary
patency'®®!7  Vein and prosthetic grafts have been compared in a Cochrane meta-
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analysis of 19 RCTs that showed better primary patency rates for vein grafts (OR 0.47,

95% Cl 0.28-0.80)'%7, as well as a large meta-analysis'®®

and retrospective studies that
demonstrated lower 1-year major amputation rate (11%, 95% Cl 9-13; vs 24%, 95% ClI
14-42) and higher patency®®~"! and limb salvage rates'’>’3 for GSV compared to non-
autogenous grafts. However, there are arguments that the choice of postoperative

antithrombotic therapy may also play a role in prosthetic graft patency’4.

Endovascular interventions for chronic disease consist of plain balloon angioplasty
(PBA), drug-coated balloon angioplasty (DCB), and stenting with bare metal stents
(BMS), drug-eluting stents (DES) or covered stents. Their main advantage is that they are
minimally invasive and can be performed under local anaesthetic, making them a good
option for patients at high surgical risk, but their technical success depends on the
complexity of atherosclerotic lesions and the severity of calcification. A Cochrane meta-
analysis of seven trials comparing angioplasty versus stenting for infrapopliteal disease
in CLTI patients did not find a difference in short-term patency, periprocedural
complications, major amputation and mortality!’>. A similar Cochrane meta-analysis for
iliac lesions was inconclusive due to lack of high quality studies comparing the two
techniques’®. A larger meta-analysis of prospective studies reported that 1-year
primary patency of PBA in the superficial femoral artery (SFA) was 86% (95% Cl 70-
100%), while for infrapopliteal lesions it was 66% (95% Cl 51-85%), with DES having
better (73%, 95% Cl 65-81%) and BMS worse (50%, 95% Cl 42-60%) primary patency in
the CLTI population'®®. Additionally, an American registry study reported 1-year MACE
of 29.5%, and MALE of 34.0% in patients with CLTlI undergoing endovascular
revascularisation, with previous intervention and haemodialysis being predictors of
MALE and cardiac, renal and respiratory disease predictors of MACE'”’. The variety of
available endovascular devices and techniques has greatly increased in recent years
thanks to technological advancements, with new lithotripsy, atherectomy, and deep
venous arterialisation devices promising better outcomes than conventional PBA for
patients unsuitable for open surgery!’®7°, However, more evidence of their

effectiveness and durability is required before their widespread use in clinical practice.

Hybrid approaches are increasingly used to treat complex multilevel atherosclerotic
disease, with the endovascular component being proximal or distal to the surgical
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intervention8%18! These procedures are longer in duration, may be performed jointly
by vascular surgeons and interventional radiologists and require hybrid operating
theatres with both surgical and radiographic equipment. Typical examples include
common femoral endarterectomy or femoro-distal bypass combined with iliac
angioplasty and stenting to treat inflow disease, or common femoral endarterectomy
with tibial angioplasty to improve flow to the foot. In 2021, 1,608 hybrid
revascularisation procedures were recorded in the UK National Vascular Registry (NVR),
of which 863 had endovascular interventions proximal to the surgical element and 312
distal to it, with the rest being more complex!®*. The complication rate was higher for
hybrid cases with proximal endovascular elements compared to distal (16.4% proximal
vs 9.2% distal in elective cases, 26.8% proximal vs 24.2% distal in non-elective cases)®%.
Limb salvage rates after hybrid revascularisation for CLTI have been reported as 91% at
1-year and 86% at 5-years, with survival rate of 80% and 51% at 1-year and 5-years,

respectively®®l,

The optimal strategy to achieve adequate in-line flow to the foot depends on patient
factors, the anatomic pattern of the disease, and the availability of suitable autogenous
vein, but local expertise and facilities may also weigh in the decision-making process.
The choice of revascularisation technique has been the focus of much debate, even
though few RCTs have been performed so far and more are underway!®283, The Bypass
versus Angioplasty in Severe Ischaemia of the Leg (BASIL) RCT compared endovascular-
first versus bypass-first approach for infrainguinal CLTI and demonstrated that there was
a trend for higher mortality up to 6 months in those randomised to surgery (HR 1.27,
95% Cl 0.75-2.15), but mortality was lower after 2-years of follow-up in those who
survived for 2-years (HR 0.61, 95% CI 0.50-0.75), with equivalent amputation-free
survival (AFS)18418 Re-intervention rate was higher in those who underwent surgical
procedure (11% difference, 95% Cl 4-19%). Notably, there were no statistically
significant differences in mortality or amputation-free survival between the two
interventions for the subgroup of patients with infrapopliteal disease'8. Additionally,
most patients randomised to the endovascular-first group ultimately required bypass,
and patients who had bypass after a failed endovascular revascularisation attempt

experienced worse outcomes compared to those with primary bypass (AFS for primary
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bypass vs. secondary: HR 1.58, 95% Cl 1.03-2.44)'87.188 The recently published BEST-CLI
RCT also compared the two treatment modalities in patients with infrainguinal CLTI and
reported that patients undergoing surgical revascularisation with great saphenous vein
had lower risk of re-intervention (HR 0.35, 95% Cl 0.27-0.47) and major amputation (HR
0.73, 95% CI 0.54-0.98) compared to those undergoing endovascular revascularisation,
and similar risk of all-cause mortality8°. Contrarily, there were no differences in major
amputation rate or all-cause mortality between patients undergoing surgical treatment
with conduits other than GSV and those having endovascular treatment (HR 1.10, 95%
C10.65-1.87, and HR 1.15, 95% Cl 0.77-1.72, respectively)*®. Similarly, a Cochrane meta-
analysis of 6 RCTs comparing bypass to balloon angioplasty found no difference in major
amputation, re-intervention or mortality rates, but revealed higher periprocedural
complications and higher 1-year primary patency with bypass surgery (OR 1.57, 95% ClI
1.09-2.24, and OR 1.94, 95% Cl 1.20-3.14, respectively)*.

The results from non-randomised studies that do not directly compare the two
revascularisation techniques are similar and reflect a larger cohort of patients with CLTI,
albeit with higher risk of bias and residual confounding. In-hospital mortality in patients
admitted non-electively with CLTI was higher for open surgical compared to
endovascular procedures (4.8%, 95% Cl 4.1-5.7 vs 4.1%, 95% CI 3.3-5.0) while 30-day
readmission rate was lower (13.2%, 95% Cl 11.9-14.6 vs 19.8%, 95% Cl 18.1-21.5) in the
2022 Annual NVR report!®4. Another large cohort study of CLTI patients found no
difference in 30-day mortality, but lower rate of MACE (OR 0.6, 95% Cl 0.4-0.9), surgical
site infection (OR 0.1, 95% Cl 0.1-0.2), and unplanned reoperation (OR 0.7, 95% CI 0.5-
0.8) and higher rate of secondary revascularizations (OR 1.6, 95% Cl 1.04-2.3) within 30
days for endovascular-first as opposed to bypass-first approach®®!. The authors also
noted that age over 80 years, tissue loss, functional dependence, diabetes, end-stage
CKD, and tibial lesions were associated with decision for endovascular-first approach®®?.
Additionally, a cohort study of 11,106 propensity matched patients with CLTI found
lower in-hospital complications (OR 0.83, 95% Cl 0.78-0.88) and shorter length of stay
(OR 0.75, 95% Cl 0.73-0.78) after endovascular procedures compared to open, no
difference in 6-month mortality, but 18% higher risk of major amputation at 6-months

in the endovascular revascularisation group (HR 1.18, 95% Cl 1.08-1.29), which however
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was not observed in high-volume centres'®2, Evaluating longer-term outcomes, a meta-
analysis of revascularisation studies in patients with CLTI with at least one year of follow-
up reported no significant difference in major amputation and overall mortality between
the two treatment modalities, but bypass surgery was associated with higher primary
patency rate (OR 2.50, 95% Cl 1.25-4.99)'%3. In summary, surgical procedures seem to
have higher patency rate and longer durability but are often associated with higher
postoperative morbidity and greater length of stay. On the other hand, endovascular
procedures have good short-term outcomes but long-term patency is lower and re-
intervention rates higher'®4. Based on this evidence, the Global vascular guidelines for
CLTI suggest a three-step approach consisting of 1) estimating patients’ periprocedural
risk; 2) determining the limb stage using the WIfI classification; and 3) determining the
anatomic pattern of disease using the GLASS classification, taking into account the

presence of a vein conduit, and provide specific recommendations for each patient3.

After a revascularisation procedure, patients should continue best medical therapy and
are usually followed up for a period of two years to monitor the patency of the graft,
stent or treated native artery3. Graft stenosis can develop at the anastomotic sites or in
the graft, occasionally due to a remaining venous valve. Endovascular procedures may
also fail in time due to residual stenosis, recoil or stent occlusion. Surveillance protocols
vary in terms of timing and modality by country and centre, with a systematic review
identifying 96 different protocols after endovascular revascularisation in the
literature®>. Modalities used for surveillance include measurement of ABPI, DUS, and
DSA®28 with DUS being the investigation of choice. Grafts at risk can be identified
through flow abnormalities in DUS (peak systolic velocity (PSV) >300 cm/s, PSV ratio
>3.5, mid-graft PSV <45 cm/s), and intervention may prevent the graft from occluding®®®.
Surveillance visits usually start 6 weeks post-procedure and continue for a mean 21
months, with more intensive follow-up in the first year after treatment for infrapopliteal

compared to femoro-popliteal interventions®>%7,
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Management without revascularisation

In some cases, it is not possible to restore blood flow to the ischaemic tissues due to
extensive arterial calcification or when the anatomy is unsuitable for revascularisation,
such as lack of arteries crossing the ankle, so the options are limited to primary
amputation, pharmacological treatments or interventions aiming at symptom control.
These options should also be considered in patients who have limited life expectancy,
an unsalvageable limb with extensive tissue loss, or poor functional status with
significant comorbidities, such as hemiplegia, fixed flexion deformities, and spinal

paralysis3.

Minor amputations are defined as amputations at or below the ankle joint and include
toe, ray, transmetatarsal, Lisfranc’s and Chopart’s midfoot and Symes’ through-ankle
amputations'®®. The commonest indications for a minor amputation are spreading
infection from a diabetic foot ulcer, osteomyelitis, and gangrenous toes. Depending on
the severity of ischaemia, the minor amputation wound may heal spontaneously or
require a revascularisation procedure to achieve adequate distal perfusion for healing.
When removal of more than two toes is required, transmetatarsal amputation may be
preferable, as removal of multiple toes alters foot biomechanics which may lead to
further ulcers'®. Minor amputations for PAD or diabetes are associated with
postoperative mortality of 20% and 44%2%, and ipsilateral major amputation rate of 10%
and 14% at 1 and 5 years, respectively?°>292, Open surgical revascularisation, end-stage
CKD, hyperlipidaemia, congestive heart failure and high BMI have been associated with

limb loss after minor amputation?%3,

Approximately 12% of patients with CLTI will require major amputation within 3 months
of presentation®. Major amputations are those above the ankle level and consist of
trans-tibial (below the knee, BKA), through-knee (Gritti Stokes), and trans-femoral
(above the knee, AKA) amputations and hip disarticulation. They are often performed to
remove extensive tissue loss, uncontrolled infection or to relieve ischaemic pain when
there are no revascularisation options?%*. The level of amputation is crucial, as more
proximal amputations have higher primary healing rates, while more distal amputations

are associated with better functional outcomes and possibility of ambulation with
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prosthetics but may fail to heal and require re-interventions2%>2%, Currently, there is no
reliable method to assess tissue perfusion and predict healing of the amputation
wound3. Additionally, all major amputations are associated with an increase in basal
energy expenditure and energy cost of walking with prosthesis, which is greater for
more proximal amputations and partly explains why elderly frail patients with
cardiovascular comorbidities experience difficulties ambulating postoperatively??’. A
post-amputation ambulatory rate of 46-49% at 1-year has been reported, which was
strongly associated with BMI and frailty??>2%, There are currently no high quality studies
comparing through knee and above knee amputations?®. The mortality after major
amputation varies from 4% to 22% at 30-days and from 34 to 48% at 1-year206:210-212 At
5-years, mortality after BKA ranges from 40% to 82% and after AKA from 40% to
90%2%12213, More proximal amputation (AKA vs BKA), older age, coronary artery disease,
cerebrovascular disease, end-stage CKD or dialysis, non-ambulatory status, and
increased comorbidity burden have been associated with higher risk of mortality after

major amputation?210:211,213,

When symptom control is desirable in patients with rest pain and no revascularisation
options, interventions such as spinal cord stimulation and intermittent pneumatic
compression have been shown to decrease pain, while lumbar sympathectomy is not
recommended3. Spinal cord stimulation has been associated with higher 1-year limb
salvage (RR 0.71, 95% Cl 0.56-0.90) and pain relief compared to conservative
management, by increasing relaxation of smooth muscle cells and decreasing vascular
resistance, but is not cost-effective and has 17% risk of complications?!*. Evidence
suggests that intermittent pneumatic compression may also improve limb salvage,
wound healing, and pain control through an increase in the arteriovenous pressure
gradient and stimulation of collateral flow, but high quality evidence of its effectiveness

is currently lacking?t>26,

Regarding pharmacological treatment, prostanoids such as iloprost, vasoactive agents

such as Naftidrofuryl and Cilostazol, and hyperbaric oxygen therapy have been used in

patients with no-option CLTI3. A Cochrane review concluded that prostanoids, with their

vasodilatory and antithrombotic properties, have positive effect on reduction of rest

pain (RR 1.30, 95% CI 1.06-1.59) and ulcer healing (RR 1.24, 95% CI 1.04-1.48), but not
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on major amputations and mortality, with associated adverse effects such as headache,
nausea, vomiting, and diarrhoea (RR 2.11, 95% Cl 1.79-2.50)%'’. Hyperbaric oxygen may
also increase the rate of ulcer healing for DFUs (RR 2.35, 95% Cl 1.19-4.62), with no effect
on major amputation rate (RR 0.36, 95% CI 0.11-1.18) based on low-quality
evidence?'83219 while there is insufficient evidence to support the use of vasoactive
agents in patients with CLTI??, It is also worth mentioning that multiple trials of gene
and cellular therapies have been performed or are underway in patients with CLTI, but
no phase three trials have demonstrated their effectiveness in improving amputation-

free survival so far?21222,

Conservative non-operative management of CLTI has been associated with 1-year all-
cause mortality of 18% (95% Cl 13-25%), 1-year major amputation rate of 27% (95% ClI
20-36%), and 1-year AFS of 60% (95% ClI 52-67) in a meta-analysis of 27 studies with
1642 individuals??3. In a further study of 150 patients with non-revascularisable CLTI and
longer follow-up, 5-year all-cause mortality was 35%, 5-year major amputation 33%, and
5-year AFS 43% with conservative management?24, which are not excessively worse than
outcomes after revascularisation. Additionally, in a cohort of patients with no
revascularisation options and diabetic foot ulcers 38% healed primarily, 12% underwent
minor amputation, 17% major amputation, and 33% died without healing??®. On the
other hand, quality of life can be maintained or slightly improved with conservative
management of CLTI or primary major amputation, whereas improvement with surgical

or endovascular intervention is small to moderate?26,

Prognosis

Overall, all-cause mortality in patients with CLTI irrespective of treatment received has
been reported as 4% at 30-days, 18% at 1-year, and 46% at 5-years??’. The 1-year
mortality rate after revascularisation procedures for CLTI in English studies using the
Hospital Episode Statistics (HES) dataset ranges from 11.2-12.8%, but this includes both
elective and emergency admissions*®*?28, and these studies are limited by the inability
to accurately define the CLTI cohort in HES??°. A registry-based study of 38,470 patients
with CLTI undergoing revascularisation from the US Vascular Quality Initiative reported
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a 30-day, 2-year and 5-year mortality rate of 2%, 19% and 31%, respectively*°, while
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higher mortality rates reported in similar studies from Germany (28% at 1-year)®?, Japan
(32.3% at 2-years for endovascular revascularisation)®?, and the US Medicare database
(49-55% at 5-years)?3L. Older age, male gender, chronic obstructive pulmonary disease,
severe CKD or haemodialysis, ischaemic heart disease, smoking status, lower BMI, non-
independent ambulatory status and WIfl stage have been independently associated

with higher mortality%9230.232,

Major amputation rate after revascularisation for CLTI ranges from 8% to 15% at 1-
year**?33 and 8-11% at 4-years?3l. Factors associated with major amputation after
revascularisation include male gender, high comorbidity burden, diabetes,
haemodialysis, severe frailty and living in a high deprivation area, as well as presence of
tissue loss and open surgical procedure?32-234, A Cochrane meta-analysis of RCTs, a larger
meta-analysis and the BEST-CLI trial did not find a significant difference in this outcome
between procedure types!®1°0193  Finally, predictors of 30-day AFS after
revascularisation for CLTI include emergency procedure, congestive heart failure,
haemodialysis, abnormal white blood count, and body temperature of 38 degrees

Celsius or above?3>,
1.1.5 Challenges in timely treatment

It is evident that CLTI represents a severe form of cardiovascular atherosclerotic disease
and is associated with risk of adverse outcomes, which can be decreased with medical
and surgical treatment. However, a National Confidential Enquiry into Patient Outcome
and Death (NCEPOD) report published in 2014 and the NHS Improvement Getting it
Right First Time (GIRFT) report on vascular surgery, published in 2018, highlighted
deficiencies in the management of patients with CLTI2°%236, The reports indicated that
these deficiencies have a detrimental effect on patient outcomes and revealed a
variation in practice across England. The authors also identified areas where the
provision of care could be improved, such as the assessment, investigation and

treatment of these patients, in order to potentially avoid amputations.

In response to those findings, the Vascular Society of Great Britain and Ireland (VSGBI)
published a “Best Practice clinical Care Pathway for Peripheral Arterial Disease” in March

2019%7, This document outlined a Quality Improvement Framework (QIF) for the
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management of patients with PAD that included 16 standards and suggested specific
timelines from referral to treatment for patients with CLTI (Figure 2). The overall
timelines from receipt of referral to revascularisation were 5 days for admitted patients
with deep tissue injury, infection or uncontrolled pain, and 14 days for non-admitted

patients with minor necrosis, ulcers or controlled pain?®’.

This guidance was based on expert opinion rather than evidence, due to the scarcity of
studies exploring the association between treatment delays and patient outcomes.
More specifically, the writing committee consisted of Consultant vascular surgeons,
interventional radiologists, and vascular anaesthetists, but the standards and timelines
were discussed and agreed in five VSGBI Audit and Quality Improvement Committee
meetings in 2018 and 2019, which were attended by representatives from Podiatry,
vascular nurses, vascular technologists, health services researchers and patients.
Consecutive drafts of the document were also circulated to the committee for review
and comments prior to publication. Even though research evidence was lacking, the
committee members reached a clinical consensus on the timelines as it was considered
that revascularising too early (within 1-2 days) may not allow enough time for medical
optimisation, while delaying more than 5 days may cause adverse outcomes.
Additionally, it was acknowledged that the timescales were “deliberately challenging”,

due to the limited resources and high service demand in most vascular units.

Admitted patient - severe critical limb ischaemia and/or foot sepsis

f el Assessment
Admission Specialist review Optimisation
Referral or WIFi Score shared decision D Intervention
Transfer Imaging Formal MDT
Immediate 2 days 5 days

Non-admitted patient - stable disease, such as mummified toes

S ) Assessment i

pecia ist review Optimisalion |

Referral D Triage D WIFi Score Shared decision D Intervention
Imaging Formal MDT 7

Same day 1 working day 7 days 14 days

Figure 2 — Recommended timelines according to the VSGBI PAD QIF document

53



Nevertheless, specific recommendations on how to achieve them were not provided,
other than suggestions for delivery of urgent outpatient appointments and vascular
presence in networked hospitals, again due to lack of evidence-based effective
interventions??’. Similar timelines had been suggested for carotid and aneurysm
procedures, and according to annual NVR reports, many units have not been meeting
these targets?38. Further increasing the demand on vascular services would most likely
lead to failure without careful planning and change in the resource allocation and

delivery of care to the CLTI patient group.

The main steps in the patient pathway from presentation to the healthcare services with
symptoms of CLTI to treatment can be described as follows: a) referral of patient to the
vascular specialist; b) clinical assessment by a member of the vascular team; c) diagnosis
through point-of-care tests and imaging investigations; d) multidisciplinary team (MDT)
discussion of treatment options taking into account patient wishes and shared decision-
making; e) cardiovascular risk assessment and optimisation by care of elderly or
anaesthetic teams; and f) treatment?3°. Delays can arise at each step of the pathway and
have been described in a systematic review by Nickinson et al.?*° For example, due to
the centralisation of vascular services, only vascular tertiary centres have constant
presence of vascular surgeons and can perform major arterial procedures. Therefore,
the hospital of presentation plays a significant role in timeliness of treatment, with
presentation at network (spoke) hospitals associated with longer delays compared to
arterial hubs?*!. Additionally, increasing the availability of outpatient clinic slots so that
patients can be reviewed by a vascular specialist shortly after referral may also

contribute in the reduction of delays?*2.

Currently, it is unclear which factors contribute most to the delays to treatment for
patients with CLTI, what the consequences of the delays are and which interventions are
the most effective in reducing the delays. It is also worth noting that any changes in the
vascular service that aim to address delays may have wider consequences for other
patients, the workforce or the organisation itself and their effectiveness may depend on
the context in which they are implemented. Therefore, any such efforts should adhere
to the principles of quality improvement and implementation science, with clear

measurement and evaluation processes.
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1.2 Implementation Science and Quality Improvement

1.2.1 Introduction to Implementation Science

Implementation science (IS) is a discipline that studies strategies to promote the uptake
of evidence-based interventions into routine practice, using a broad range of
methodologies that guide the implementation, scale-up and dissemination of effective
interventions, taking into account the local context?*. Its aim is to guide healthcare
improvement, namely “any systematic effort intended to raise the quality, safety and
value of healthcare services” and improve patient outcomes?**. It focuses on
understanding the process of implementation (what, when, why, how), identifying the
systems, behaviours, and practices that influence it, and evaluating strategies to address
them?*. Outcomes of interest for implementation efforts usually include the adoption,
acceptability, appropriateness, feasibility, fidelity, cost, and sustainability of an
intervention, rather than clinical effectiveness?#. It is an interdisciplinary research field,

which draws on theories from sociology, psychology, philosophy, and economics.

Implementation studies consist of an implementation strategy and the intervention
being implemented?’. Implementation strategy is the method used to adopt,
implement and sustain an intervention, such as the development of data collection
systems, templates, access to resources and training, facilitation and feedback?*®. The
intervention is the specific activity, practice or process that is introduced into a service
to improve its performance?*4. The choice of implementation strategy depends on the
desired change and on the factors that are expected to enable or hinder
implementation, so it can address them. These factors are related to the nature of the
intervention itself, the individuals involved, the place where change happens, the wider

social, economic, and political environment, and the processes of implementation?4°.

Evaluation of implementation studies aims to assess the impact of an implementation
strategy on the processes of care and is usually conducted using qualitative and
quantitative data?*®. Quantitative data are collected through surveys of clinician or
patient attitudes, administrative data that measure baseline performance and change

249

in practice, and fidelity measures#*’. Qualitative data collection is performed through

semi-structured interviews with stakeholders, focus groups, documentary review, and
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ethnographic methods?*. Mixed methods designs are also used to evaluate
implementation studies, with the qualitative and quantitative data integrated at various
stages of the project?L. In such studies, the two elements can have equal weighting or
one may be prioritised over the other and they may be combined through: convergence
(both used to answer the same question); complementarity (answering different but
related questions); expansion (qualitative data used to explain quantitative results);
development (one method provides information to guide use or development of the

other); and sampling (using one method to identify participants for the other)?.

Additionally, effectiveness-implementation hybrid designs can be used to assess both
the clinical effectiveness and the implementation of an intervention?°2, Typically, clinical
and implementation studies have different aims, units of analysis, and outcome
measures, but the combination of the two can expedite the translation of research into
practice, using one of three approaches. Hybrid Type | studies evaluate the effect of a
clinical intervention on outcomes, while collecting data on the implementation process.
In Hybrid Il studies the clinical intervention and implementation strategy are being
tested simultaneously, usually when the effectiveness of the intervention itself is not
well established but is being implemented widely. Finally, the primary focus of Hybrid IlI
studies is to determine the utility of an implementation strategy, while collecting
information about the impact of the clinical intervention on outcomes, and is used to
evaluate how an intervention with established effectiveness performs in different

contexts?>3,
1.2.2 Theory in Implementation Science

Theory underpins the design of the implementation strategies and interventions and
explains how and why they are effective in specific contexts. In implementation science,
theoretical approaches are divided into five categories: process models that describe
the steps in the process of knowledge translation into practice; determinant
frameworks, with domains of factors that influence implementation; classic theories
that describe how change happens; implementation theories, which provide a better
understanding of certain implementation aspects; and evaluation frameworks, which

are used to evaluate implementation efforts?>*. Theories explain the causal mechanisms
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of implementation and have predictive capacity, models provide a simplified
representation of a process, and frameworks describe theoretical constructs that affect
implementation without specifying the relationship between them?>4. These theoretical
approaches are often applied retrospectively to interpret the findings after an
implementation project is complete, but ideally they should be used to design
implementation strategies and plan their evaluation, in order to create generalizable

knowledge and advance this field of study?>>.

A systematic review of full-spectrum theories, models and frameworks (TMF) identified
18 process models, 3 evaluation frameworks, 3 determinant frameworks and 8 classic
theories used in implementation science, offering the most complete overview of
existing theoretical approaches to date?*®. The most commonly used TMFs were: the
Consolidated Framework for Implementation Research (CFIR)?*’, the Theoretical
Domains Framework (TDF)%>8, the Promoting Action on Research Implementation in
Health Services (PARIHS) framework?®, the Reach Effectiveness Adoption
Implementation Maintenance (RE-AIM) evaluation framework?®°, and the Diffusion of
Innovations theory?®!, but as many as 159 TMFs have been reportedly used in
implementation studies?6%263, Therefore, the selection of the best theoretical approach
for a project can be complex. To aid with this decision, a Theory Comparison and
Selection Tool (T-CaST) has been developed through a concept mapping exercise with
experts and provides four criteria: usability; testability; applicability; and acceptability
by key stakeholders, which should be used to compare frameworks and choose the most
suitable one?®*, Another approach to identify an appropriate theoretical approach is to
consider five elements: the level of analysis (individuals, teams, entire health service);
the timing (prior to implementation for planning, during implementation, after
implementation for evaluation); the purpose and intended outcomes (measure change,
understand factors affecting change, understand implementation process); the method

of data collection; and the available resources (experience, number and time of staff)?26>,

In addition to the previously described middle-range theories and frameworks, there are
also programme theories, which describe how and why an intervention is expected to
lead to its intended outcomes, and is specific to that project or intervention?®®. The
programme theory, which is also called Theory of Change, outlines the assumptions
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about the mechanisms that link the inputs with the processes and the outcomes of a
project?®’. It can be articulated in a series of if-then statements, whereby if something
is done, then some effect will be generated, but should also explain using research
evidence why the specific outcomes are expected. By making these assumptions explicit,
the programme theory can guide the choice of outcomes, measurement methods, and
data collection techniques and provide the basis for evaluation, refinement and
adaptation of the intervention or strategy?®®. The programme theory can be depicted
graphically in the form of a Logic model. The Logic model consists of the inputs required
for an intervention, its components, its outputs, and its outcomes?®®. The inputs or
resources are the raw materials required for an intervention, such as knowledge and
skills of individuals, infrastructure or a toolkit; components are the activities and
mechanisms through which the resources lead to a change; outputs are the immediate
results of the intervention activities; and outcomes are the final results observed in

patients or the service?,

In summary, the steps of an implementation project include: (1) identification of the
problem to be addressed, (2) selection of theoretical approach, (3) stakeholder
engagement to support the project, (4) development of the logic model, (5) selection of
research and evaluation methods, (6) identification of factors affecting implementation,
(7) selection and tailoring of implementation strategies, (8) implementation period, (9)

evaluation of the implementation, and (10) reporting of outcomes?’°,

1.2.3 Factors affecting implementation

There are multiple barriers and enablers which influence implementation outcomes that
have been described and categorised in determinant frameworks. These factors can
refer to different levels, from the individual to the organisation, and may have derived
from combining findings from empirical studies, from the researchers’ own experiences
of implementation, or from classic theories?’!. Despite the broad range of factors
included in each framework, most of them include: (1) the characteristics of the
intervention, (2) the attributes of individual healthcare professionals, (3) the
organisational and health system context, and (4) the processes through which

implementation occurs?’%.
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Intervention

The intervention or innovation is a specific activity or tool introduced into a healthcare
system to improve its performance?**. The template for intervention description and
replication (TIDieR) guide recommends that when describing an intervention, the
following aspects should be described: the procedures, processes or activities involved;
the physical or information materials used; the rationale or theory supporting the
essential elements; the mode of delivery (in-person, online, via telephone, in groups,
individually); the location where they occurred; the frequency, timing, duration, and
intensity of the intervention; the intervention providers and their background, expertise
and training; and any adaptations or modifications to the intervention?’?. Most
interventions tested in implementation studies are complex interventions, consisting of
multiple components, targeting many levels, settings or behaviours, and requiring

advanced skills or expertise for their delivery?’3.

Several characteristics of the interventions have been described as important for
implementation. Firstly, the validity of the source that developed the intervention and
whether it was externally or internally developed can affect its acceptance by
stakeholders, as is the quality and strength of evidence supporting it?’4. The adaptability
to different contexts may also help with transferability and adoption in different
settings. The ability to test the intervention on a small scale and its level of complexity
and compatibility with existing practices, values, and perceived needs have a role in its
uptake, while the quality of supporting materials and the presentation of its components
may affect the ease of use?®l. Finally, its relative advantage compared to current
practices or alternative solutions and its cost should also be taken into account?®. It is
worth noting that these factors do not represent objective characteristics but rather
subjective perceptions of stakeholders, which affect their attitude towards the

intervention and their willingness to implement it.

Individuals

In addition to the intervention itself, the attitude of healthcare professionals intended
as users towards a proposed change is determined by intrinsic characteristics of these

individuals. Social-cognitive and motivational theories have been used to inform
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behaviour change in implementation studies, by exploring these characteristics?’>. The
most widely used is the theory of planned behaviour, which postulates that a
professional’s adoption of a desired behaviour is determined by their positive or
negative attitude towards that behaviour, their thoughts on the difficulty in performing
the behaviour (perceived control), and the pressure from others (social norm)?7. The
plethora of human behaviour change theories was reviewed and distilled into the 14
domains and 84 constructs of the TDF, which postulates that the behaviour of individuals
towards an intervention is determined by multiple factors?’7:?%, These include their
knowledge, opinions, and beliefs about the intervention, as well as their values, goals,
skills, emotions, and social influences, which can be summarised into three core
components: capability, opportunity, and motivation®>8. Other factors related to
individuals that influence implementation efforts include their belief in their capabilities
to carry out the change (self-efficacy), their relationship with and commitment to the

employing organisation, and their stage of readiness to use the intervention?’.

Context

Context is considered a crucial element affecting the success of implementation studies
and the generalisability of their findings. It can be defined as the physical and
sociocultural characteristics of the environment, such as the external environmental
factors, organisational climate, resources, and leadership, and the interpretation of
these factors by healthcare professionals, patients and carers, but many different
definitions have been described in implementation literature?*+27°, Its importance for
implementation is reflected by the fact that most determinant frameworks include

factors related to context, even though few provide a specific definition for it22°,

In an attempt to systematise the use of the term, Rogers described three levels of
context with relevant determinant factors of implementation: system-level,
organisational-level, and team-level?8. System-level factors refer to the social, political,
and economic environment and the healthcare system outside the implementing
organisation. These include professional standards and guidelines, social norms and
customs, funding and the economic climate, political support, national laws and policies,

inter-organisational networks, local infrastructure, and the patients with their needs and
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preferences®®2. Organisational-level factors include the available resources,
organisational support, leadership engagement with the implementation effort,
organisational culture and climate, readiness for change, inter-departmental
communications, and the structural characteristics of the organisation, such as its size,
procedure volume or catchment area. Organisational culture usually refers to the
values, norms, and expectations in an organisation, while readiness for change includes
the commitment of the organisation to change, incentives, the prioritisation of

implementing change, and the ability to adopt innovations.

Finally, team-level determinants pertain to: characteristics of the team, such as its size,
turnover, and workload; the quality of teamwork and relationships among its members;
the compatibility of the intervention with the team aims and workflows; the team
culture; and the belief of team members in their ability to use the intervention?®!. The
factors most commonly included in determinant frameworks are organisational culture,
leadership, resources, organisational support, social relations, and organisational
readiness to change?®. The first four are also the factors most commonly reported in
implementation studies as affecting implementation, in addition to the presence of

champions and inter-departmental communication?®3,

Process

The implementation process can be divided into four phases, planning, stakeholder
engagement, execution, and evaluation?’4. The way of progressing through the phases
can influence the success of the implementation. For example, implementation goals
and timelines should be set during the planning phase, as they will guide subsequent
steps. Evaluation of the implementation efforts should also be performed regularly,
through analysis of the collected data and feedback that is shared within the team. Most
importantly, engagement of key stakeholders, opinion leaders, and implementation
champions can be crucial in driving change, even when obstacles are encountered?61.284,
These individuals usually have the respect of their colleagues thanks to their expertise
or professional status and are appointed or volunteer to promote the use of a new

intervention in an organisation. Their influence on implementation can be explained by
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the Diffusion of Innovations theory, which describes why and how an innovation

gradually spreads from enthusiastic early adopters to the majority of users?®>,

Finally, even though the factors that influence implementation efforts are neatly listed
and categorised in determinant frameworks, there are dynamic relationships between
them that should be taken into account and highlighted during evaluation?®®, Complexity
represents such an example, as it is a characteristic of the intervention, and the context,
while culture, resources and leadership support could be considered characteristics of

teams and organisations alike.

1.2.4 Implementation strategies

Implementation strategies have been defined as “methods or techniques used to
enhance the adoption, implementation, and sustainability of a clinical program or
practice”?*8. They should be purposefully selected depending on the nature of the
change and the context to support implementation of a specific intervention. They have
been used inconsistently until their systematic review and definition through a modified
Delphi process by the Expert Recommendations for Implementing Change (ERIC)
project?®’. The resulting 73 implementation strategies can be used as “building-blocks”
and combined to create a tailored multicomponent multilevel strategy for
implementation of an intervention?®’. Implementation strategies can be categorised
into dissemination, implementation process, integration, capacity building, and scale-
up?®. Examples of implementation strategies addressing different aspects of
implementation include audit and feedback, creation of learning collaboratives,
development of educational materials, identification of champions, involvement of

executive boards, site visits, facilitation, and financial incentives?®’.

The selection of implementation strategies to match the barriers and facilitators of an
intervention in a specific setting is a complex endeavour. It starts with conducting an
assessment of the factors that may influence the implementation processes and
outcomes and then continues with selecting strategies that address the previously
identified context-specific barriers?®®. Determinant frameworks like the CFIR can be
used in the first step, as they provide a comprehensive list of such factors to consider,

and the ERIC compilation of strategies is useful for the second step. However, when
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implementation researchers were asked to match the 39 barriers from the CFIR with
ERIC implementation strategies that would best address them, a considerable
heterogeneity of opinion was observed, indicating the inconsistent relationship
between the two?°°, Despite that, methods that can be used to link the strategies with
specific requirements of an implementation programme include concept mapping,
intervention mapping, group model building and conjoint analysis?®°. All these methods
are based on the engagement of multiple stakeholders in brainstorming and idea-
generating exercises to create visual maps of concepts, causal loop diagrams, preferred
change or service profiles, and determinant matrices, but ultimately can only be used as
a guide?®®. In summary, defining and reporting the implementation strategy is an

important aspect of the evaluation of an intervention?4’.

1.2.5 Quality Improvement

Quality improvement (Ql) has a narrower scope than implementation science. The term
is used for concerted activities undertaken by multiple stakeholders, such as
organisational leaders, healthcare professionals, researchers, patients and carers, to
improve patient outcomes, healthcare services, and system performance in a specific
local setting®®!. The need for formal Quality Improvement studies in healthcare became
obvious in two landmark reports of the US Institute of Medicine in 1999 and 2001, that
reported failures in processes and systems rather than individuals, and called for urgent
redesign of care systems to achieve improvements?22%3, Q| utilises systematic change
methods and tools, such as the Plan-Do-Study-Act (PDSA) cycles, Fishbone diagrams, and
driver diagrams, and measurement methods, such as statistical process control (SPC)

charts, to improve patient experience and outcomes?%4,

Ql and IS share the goal of improving the quality and effectiveness of healthcare
services, but use different approaches and methods (Table 5). Ql is usually performed
to address a particular issue in a specific department or organisation, using small test
interventions and measuring outcomes using Plan-Do-Study-Act cycles. Due to its
relevance to a particular setting, Ql studies do not consider the role of contextual factors
in the outcomes and its tools do not have a theoretical basis?®>. Ql has its origins in the

management and manufacturing fields, and concepts such as strategy, leadership,
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management, and organisational learning?®®. On the other hand, IS seeks to increase the
uptake and spread of evidence-based interventions, measuring outcomes such as
fidelity and adoption, and using formal theoretical approaches from the behavioural and
social sciences?®®. Its central tenet is to produce generalizable knowledge that can be

applied in other settings and the role of context is central to implementation®®’.

Due to its more robust methodology and theoretical background, IS is used more
commonly by researchers exploring the uptake of interventions in healthcare settings,
while healthcare practitioners are more knowledgeable in Ql. However, it is becoming
increasingly acknowledged that the two approaches can be aligned and used in
combination?®”2%8, For example, some Ql tools could also be used in implementation
studies, including the feedback loops and some process measures that can be used by
local implementation teams. On the other hand, understanding and taking into account
the organisational and system context and adopting behaviour change methods could
be valuable additions in Ql studies?®>. Additionally, introducing interventions that do not
have solid supporting evidence in implementation studies may expand the range of

practices that can potentially address a problem?2°®.

Table 5 — Comparison of Implementation Science and Quality Improvement

Implementation Science Quality Improvement

Lack of use of evidence-based . “ . »
Problem ) - . , Suboptimal care-“quality chasm
practice — “implementation gap

Setting Multi-organisational Limited to a particular setting
Intervention Evidence-based Any potential solution
Theory-informed Yes No
Influences Psychology, sociology, economics Management, manufacturing
Considered as factor, Not considered - local, not
Context . - . -
generalizable findings generalizable findings
Measurement Qualitative and quantitative Quantitative (SPC charts)
Adoption, fidelity, acceptabilit Clinical effectiveness, process
Outcomes prion, y, acceprabiiity, /P
feasibility, cost, sustainability measures
. PDSA cycles, Six-Sigma, Root
Tools Theories, models, frameworks y . 'g .
Cause Analysis, driver diagrams
Healthcare practitioners and
Users Researchers P

researchers
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1.2.6 Quality Improvement Collaboratives

A Quality Improvement Collaborative (QIC) is a structured approach that includes
multidisciplinary teams from multiple healthcare organisations working together to
improve the quality of care delivered to patients through learning and sharing of ideas
and data on service performance, as well as identification of best practice and change
strategies?4. They have been implemented successfully in various healthcare settings in
the community and hospital sector?®>3%, Most QICs follow the US Institute of Healthcare

Improvement’s Breakthrough Series Collaborative model3°? (Figure 3).

Enroll
Participants

Select Topic Prework
P P P
A A A
Develop D D D
Framework S S S

Recruit Faculty and Changes - = - Summative

* * * * * Congresses and

AP1 AP2 AP3 Publications

LS1:Learning Session
AP: Action Period Supports:
P-D-S-A: Plan-Do-Study-Act Email ¢ Visits * Phone Conferences ® Monthly Team Reports ® Assessments

Figure 3 — Breakthrough series Collaborative model, reproduced from the Institute of

Healthcare Improvement Breakthrough series white paper3°!

QICs consist of five elements:

e a healthcare area or issue that requires improvement;

e an expert team, that gathers scientific evidence about the intervention and
selects implementation strategies, often in the form of a “change package”;

e multidisciplinary teams from multiple healthcare organisations;

e a model for improvement, that includes specific measurable aims and data
collection on performance; and

e structured collaborative activities such as meetings, that promote learning and
sharing of ideas and experiences3%,
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The theory of change supporting the QICs is that by benchmarking and working together,
teams are motivated to make changes, which improve services and patient outcomes,
spread innovations, and create long-term learning networks?®. This is based on the
Partnership Synergy Theory, according to which partners who collaborate and share
knowledge and experience can achieve more together than individually, and the
Diffusion of Innovations theory, which explains that an innovation spreads from early
adopters to the majority of users by demonstrating its merits and increasing the
confidence of more conservative parties?®302, QICs also offer participants the
opportunity to seek advice and learn from experts, as well as develop inter-
organisational relationships and support networks3%3. Additionally, they provide training
in Ql processes for healthcare professionals that can be applied in subsequent projects

and infrastructure such as data collection and analysis.

Study designs of QICs include RCTs, controlled before-after studies, and interrupted time
series, with most studies ranging from 7 to 24 months in duration??®. A systematic review
of healthcare QICs reported that 83% of the 64 included studies were successful in
improving at least one of the primary effect measures, which were clinical processes
and/or patient outcomes?®. The interventions implemented by the QICs were also
sustainable and cost-effective?®. Factors associated with the success of QICs include
participation in collaborative activities, support by expert faculty, and formation of a
team whose members interact well, understand each other’s strengths and have mutual
respect3%4. The effect of organisational readiness, leadership support, and availability of
resources on success was mixed3%4. Based on an evidence review, the Health Foundation
recommends that to be effective, QICs should: gain support from senior leaders, keep
participation voluntary, ensure multidisciplinary composition of teams, define the
theory of change, set clear goals, allow tailoring of interventions to the local context,
use simple measurement and data collection tools, and secure resources and time for
change %%, Finally, it is important that studies involving QICs are adequately reported,
as a recent review identified many reporting deficiencies, especially regarding the

rationale for choosing the QIC approach and the processes of the collaborative?®.
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1.3 Aims of this Thesis

The above literature review highlighted the importance of timely intervention in
patients presenting with CLTI, but noted that there has only been a limited number of
small studies investigating the effect of treatment delays on outcomes of patients with
CLTI. Additionally, there has been no coordinated effort to apply best practice guidance

in a systematic manner in the management of this patient group.

This thesis aimed to identify factors associated with delays to treatment in patients
presenting with CLTI and explore ways to address them. To achieve that, a Quality
Improvement Collaborative programme was developed, implemented, and evaluated

using implementation science principles. The following research aims were set:

Identify factors that affect the timing of revascularisation in patients with CLTI
e Evaluate the association of the timing of revascularisation with patient outcomes

e Assess if implementation of a Ql programme reduces the time to revascularisation,
in line with the VSGBI best practice guidance, and improves outcomes for patients

with CLTI

o |dentify factors that influence the uptake of change and the success of a QIC in the

vascular surgery setting

e Explore the effect of the global pandemic of coronavirus-19 on vascular surgical

procedures, outcomes, and implementation efforts.
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Chapter 2. Factors associated with delays to revascularisation in
patients with chronic limb-threatening ischaemia: a population-

based cohort study

2.1 Introduction

The 2018 Vascular Surgery GIRFT report highlighted considerable regional variation in
the time to revascularisation for patients with CLTI across the UK and recommended the
provision of scheduled operations on the weekends, in an attempt to increase the early
availability of revascularisation surgery and reduce the excessive waits for urgent
procedures®®®, The VSGBI PAD Quality Improvement Framework published in 2019 was
the first document to specify a recommended target time for revascularisation in the
UK, which was 5-days from referral for inpatients with CLTI and 14-days for non-

admitted stable patients, thereby generating a definition for what constitutes a delay?¥”.

The relationship between the timing of lower limb revascularisation and patient
outcomes has not been studied extensively, particularly when compared to the impact
of delay prior to carotid endarterectomy or hip fracture surgery3°>3%, but it has been
suggested that earlier intervention leads to improved outcomes. Shorter time to
revascularisation increases the probability of healing for ischaemic diabetic foot
ulcers3%’, and limb salvage rates in diabetic patients with CLTI3%. However, the short
timeframe is challenging to achieve and factors associated with delays have not been

studied in detail.

The aim of this study was to identify patient and pathway factors that affect the timing
of revascularisation for patients presenting as emergencies with CLTI, in order to inform
the reconfiguration efforts of NHS vascular services and improve the quality of care for

CLTI patients.
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2.2 Methods

The study was based on a prospective, population-based cohort of vascular procedures
collected by the NVR. The NVR is a national clinical audit, commissioned by the
Healthcare Quality Improvement Partnership (HQIP), and collects demographic and
clinical information on five major vascular procedures undertaken within NHS hospitals
in the United Kingdom. Approximately 90% of open and 40% of endovascular lower limb
revascularisation procedures performed in NHS hospitals are captured in the NVR?38,
The study involved secondary analysis of existing pseudo-anonymised data and

therefore was exempt from UK National Ethics Committee approval.

2.2.1 Study population

The study cohort was defined to be adult patients who presented as emergencies with
chronic limb-threatening ischaemia, and who underwent either open or endovascular
lower limb revascularisation between January 2016 and December 2019. Open
revascularisation procedures consisted of lower limb bypasses and endarterectomies
with or without an endovascular component, and endovascular procedures included
balloon angioplasties with or without stent. Patients were identified as having CLTI if
their admission Fontaine score was documented as Ill (rest pain) or IV (ulceration or
gangrene) and their presenting problem was chronic limb ischaemia, neuropathy, tissue
loss or uncontrolled infection. Acute limb ischaemia, aneurysms and trauma were
excluded. For non-emergency patients, the median time from admission-to-intervention
was 0 days (Interquartile range [IQR] 0-1) which suggested these patients followed an

outpatient pathway and therefore they were not included in the study.

If a patient underwent multiple revascularisation attempts during one inpatient episode,
only the first revascularisation procedure during that admission was included. Patient
records were excluded if data were missing on key variables (age, gender, comorbidities,
smoking status, presenting problem and Fontaine score), if patients were treated as day-
cases (no preoperative or postoperative hospital stay) or if their admission-to-
intervention interval exceeded 100 days, as this indicated the patient was unfit for

surgery on admission. Data from non-arterial centres and hospitals that did not perform
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at least one procedure of each type every year of the study period were also excluded

from the study.

2.2.2 Patient characteristics

The NVR dataset contained demographic (patient age, gender, comorbidities, smoking
status) and clinical information (presenting problem, Fontaine score, date of admission,
date and type of procedure, hospital of treatment). Information on comorbidities
included the presence of diabetes, chronic lung disease, ischaemic heart disease, chronic
heart failure, chronic renal disease, stroke and cancer. Diabetes was included in the
model as a distinct comorbidity as there can be different care pathways for these
patients. The other comorbidities were grouped into a variable that indicated if patients
had none or one comorbidity, two comorbidities, or three or more comorbidities. A
variable for centre volume of procedures was defined as the mean number of
revascularisation procedures (open and endovascular) per year conducted at each
hospital and the hospitals were stratified into 3 categories (high-, medium- and low-
volume) so there was approximately an equal number of procedures in each3% (Table
6). The volume for endovascular procedures at each hospital was estimated using
activity recorded in the Hospital Episode Statistics database rather than the NVR due to

low case-ascertainment?38,

Table 6 — Description of hospital volumes for open and endovascular procedures

undertaken in NHS hospital between 2016 and 2019

Open procedures Endovascular procedures
Hospital Annual Annual
volume  epitals Cases procedures Hospitals Cases procedures
Median Range Median  Range
Low 39 1,807 48 3-69 29 1,778 150 66-219
Medium 23 2,102 85 70-123 9 1,780 265 220-319
High 13 2,064 160 124-209 12 1,867 345 320-551
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2.2.3 Outcomes

The primary outcome was the proportion of patients who underwent revascularisation
within 5-days from admission, the timeframe set by the VSGBI recommendation in 2019.
Time to intervention was defined as the number of calendar days from admission to the
first revascularisation procedure performed during that admission. The secondary

outcome was the waiting time from admission to procedure in days.

2.2.4 Statistical analysis

The study was based on a complete case analysis. Summary statistics were used to
describe the demographic and clinical characteristics of patients. Age was categorised
into four groups (<60, 60-69, 70-79, >80 years). Categorical variables were expressed as
frequencies and proportions. The pattern of variation of patient factors across the days
of admission was explored by calculating the Mahalanobis distance3!° for each patient
and plotting the resulting distribution for each day. The distance is a measure of how

different a specific patient is from the “typical” patient in the cohort.

Univariable and multivariable Poisson regression with robust standard errors was used
to estimate the crude and adjusted effects of patient and admission characteristics on

the primary outcome3!!

. Logistic regression was not used, because odds ratios
overestimate the risk ratio for common outcomes3!!, The multivariable Poisson model
estimated the incidence rate ratios (IRR) of the primary outcome controlling for patient
age, gender, presence of diabetes, comorbidity burden, smoking status, Fontaine score,
presenting problem, weekday of admission, procedure type, and hospital volume. The
statistical significance of interaction terms between day of the week and the variables:
Fontaine score and type of procedure was evaluated using the Bayesian information

criterion (BIC). The Kruskall-Wallis test was used to examine the association between

covariates and the continuous outcome admission-to-intervention time.

Several sensitivity analyses were performed. The first repeated the analysis with a 7-day
admission-to-intervention timeframe as the outcome. The second restricted the analysis
to high-volume hospitals with more than 80% case ascertainment?3® and 100 or more
endovascular procedures per year recorded in the NVR. All statistical tests were two-

sided and a P-value of <0.05 was considered statistically significant. All analyses were
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performed using STATA 15.1 (StataCorp, College Station, Texas, USA). Results are
presented in accordance with the RECORD extension of the strengthening the reporting

of observational studies in epidemiology (STROBE) Statement3*2,

2.3 Results

A total of 13,149 revascularisation procedures performed during emergency admissions
for CLTI between 2016 and 2019 were extracted from the NVR. Of these, day-cases
(n=136), cases from non-arterial centres and hospitals with missing years of procedures
(n=828), subsequent procedures in the same admission (n=476), cases with missing data
(n=301) and with admission-to-intervention time of more than 100 days (n=10) were
excluded. This left 11,398 cases for analysis, among whom there were similar
proportions of open (n=5,973, 52.4%) and endovascular (n=5,425, 47.6%) procedures.
Seventeen per cent of the open surgical procedures had an adjunct endovascular
element (n=1,026). The open procedures were performed in 75 NHS Hospitals, while
endovascular procedures were recorded in 50 of those; the remaining 25 did not submit

data on endovascular procedures to the NVR.

The median age on admission was 72 years (IQR 64-80) and 68.7% (n=7,836) of patients
were male (Table 7). Overall, 55.1% of patients had diabetes (n=6,283). Tissue loss was
the most common reason for presentation (47.8%, n=5,451) and 80.0% of the patients
(n=9,124) had Fontaine IV on admission. The highest number of admissions occurred on

Monday (18.4%, n=2,092) and the lowest on Sunday (5.8%, n=667).

2.3.1 Patient factors associated with delay to revascularisation

The median delay from admission to intervention was 5-days (IQR 2-9), and 88.2% of
patients (n=10,055) had their revascularisation within the first two weeks of inpatient
stay. However, only 50.6% of the patients with CLTI had revascularisation within 5-days
from admission (n=5,771). In the multivariable model, a number of patient
characteristics were associated with longer admission to intervention times. These
included older age, a higher number of comorbidities other than diabetes (=3 vs. 0-1),
non-smoking status versus current smokers, Fontaine score IV versus lll, and tissue loss

and uncontrolled infection as presenting problem versus chronic ischaemia (Figure 4).
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Table 7 — Characteristics of the 11,398 patients who underwent revascularisation for

CLTI between January 2016 and December 2019 in UK NHS hospitals

No. of patients (%)
having open
procedures

(n=5,973, 52.4%)

No. of patients (%)
having endovascular
procedures
(n=5,425, 47.6%)

Number of

Patient characteristics .
patients (%)

Age (years)
<60 1,701 (14.9) 925 (15.5) 776 (14.3)
60-69 3,057 (26.8) 1,741 (29.2) 1,316 (24.2)
70-79 3,753 (32.9) 2,068 (34.6) 1,685 (31.1)
280 2,887 (25.4) 1,239 (20.7) 1,648 (30.4)
Male gender 7,836 (68.7) 4,190 (70.1) 3,646 (67.2)
Diabetes 6,283 (55.1) 2,717 (45.5) 3,566 (65.7)
Comorbidities
0-1 8,127 (71.3) 4,353 (72.9) 3,774 (69.6)
2 2,343 (20.6) 1,196 (20.0) 1,147 (21.1)
>3 928 (8.1) 424 (7.1) 504 (9.3)
Smoking status
Current 3,648 (32.0) 2,424 (40.6) 1,224 (22.6)
Ex 5,842 (51.3) 2,957 (49.5) 2,885 (53.2)
Never 1,908 (16.7) 592 (9.9) 1,316 (24.2)
Fontaine score
0 2,274 (20.0) 1,507 (25.2) 767 (14.1)
\Y 9,124 (80.0) 4,466 (74.8) 4,658 (85.9)
Presenting problem
Chronic ischaemia 5,188 (45.5) 2,867 (48.0) 2,321 (42.8)
Tissue loss 5,451 (47.8) 2,791 (46.7) 2,660 (49.0)
Uncontrolled infection 759 (6.7) 315 (5.3) 444 (8.2)
Day of admission
Sunday 667 (5.8) 366 (6.1) 301 (5.5)
Monday 2,092 (18.4) 1,061 (17.8) 1,031 (19.0)
Tuesday 2,067 (18.1) 1,108 (18.5) 959 (17.7)
Wednesday 1,980 (17.4) 1,033 (17.3) 947 (17.5)
Thursday 1,979 (17.4) 1,016 (17.0) 963 (17.7)
Friday 1,894 (16.6) 993 (16.6) 901 (16.6)
Saturday 719 (6.3) 396 (6.6) 323 (6.0)
Hospital volume
Low 3,585 (31.4) 1,807 (30.2) 1,778 (32.8)
Medium 3,882 (34.1) 2,102 (35.2) 1,780 (32.8)
High 3,931 (34.5) 2,064 (34.6) 1,867 (34.4)
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Figure 4 — Adjusted incidence rate ratios of waiting longer than 5 days from admission
to revascularisation for various patient and admission factors and 95% confidence

intervals

The same factors were significantly associated with delays in revascularisation in the
univariable analysis (Table 8). The proportion of patients who had revascularisation
within 5-days did not differ significantly by whether or not they had diabetes (p=0.474).
The elevated incidence rate ratios for the patient characteristics were reflected in longer
waiting times. The median delay from admission to intervention was 5-days (IQR 2-9)
for patients with up to 1 comorbidity apart from diabetes, and increased to 6-days for 2
(IQR 3-11) and to 7-days for 3 or more (IQR 3-12) comorbidities (p<0.001). Similarly, it
was 5-days (IQR 2-9) for patients less than 70 years old, and 6-days for patients 70 years
or older (70-79; IQR 2-9, > 80; IQR 3-10). The median time to revascularisation for
patients with Fontaine Ill was 4-days (IQR 2-7), increasing to 6-days (IQR 3-10) for
Fontaine IV (p<0.001). The model was not improved by the addition of interaction terms
between day of the week and patient characteristics (Fontaine score, type of

procedure).
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Table 8 — Factors associated with waiting more than 5 days for revascularisation.

Univariable and multivariable incidence rate rations (IRR) were estimated using

Poisson regression

Variable Waiting >5 days  Univariable analysis = Multivariable analysis
n (%) IRR (95% CI)  p-value alRR (95% Cl) p-value

Age (years) <0.001 0.016

<60 754 (44.3) 1 1

60-69 1,501 (49.1) 1.11(1.04-1.18) 1.09 (1.02-1.16)

70-79 1,889 (50.3) 1.14(1.07-1.21) 1.10(1.03-1.17)

280 1,483 (51.4) 1.16(1.09-1.24) 1.11 (1.04-1.19)
Gender 0.138 0.049

Male 3,832 (48.9) 1 1

Female 1,795 (50.4)  1.03 (0.99-1.07) 1.04 (1.00-1.08)
Diabetes 3,169 (50.4) 1.05(1.01-1.09) 0.012 1.01(0.98-1.06) 0.474
Comorbidities <0.001 <0.001

0-1 3,837 (47.2) 1 1

2 1,248 (53.3) 1.13(1.08-1.18) 1.12 (1.07-1.17)

3 or more 542 (58.4) 1.24(1.17-1.31) 1.22 (1.15-1.29)
Smoking status <0.001 0.010

Current smoker 1,710 (46.9) 1 1

Ex-smoker 2,899 (49.6) 1.06(1.01-1.11) 1.02 (0.97-1.07)

Never smoked 1,018 (53.4) 1.14(1.08-1.20) 1.09 (1.03-1.16)
Fontaine score <0.001 <0.001

1 935 (41.1) 1 1

IV 4,692 (51.4) 1.25(1.19-1.32) 1.19 (1.12-1.27)
Presenting problem <0.001 <0.001

Chronic ischaemia 2,374 (45.8) 1 1

Tissue loss 2,830 (51.9) 1.13(1.09-1.18) 1.05(1.01-1.10)

Uncontrol. infection 423 (55.7) 1.22(1.14-1.31) 1.15 (1.07-1.24)
Day of admission <0.001 <0.001

Sunday 256 (38.4) 1 1

Monday 841 (40.2) 1.05 (0.94-1.17) 1.05 (0.94-1.17)

Tuesday 1,107 (53.6)  1.40(1.26-1.55) 1.39(1.25-1.54)

Wednesday 1,068 (53.9) 1.41(1.27-1.56) 1.40 (1.26-1.55)

Thursday 1,037 (52.4) 1.37(1.23-1.52) 1.35(1.21-1.49)

Friday 964 (50.9) 1.33(1.19-1.47) 1.31(1.18-1.46)

Saturday 354 (49.2)  1.28(1.14-1.45) 1.27 (1.13-1.43)
Procedure 0.758 0.005

Open 2,957 (49.5) 1 1

Endovascular 2,670 (49.2) 0.99(0.96-1.03) 0.95 (0.91-0.98)
Hospital volume <0.001 <0.001

Low
Medium
High

1,910 (53.3)
1,913 (49.3)
1,804 (45.9)

1
0.92 (0.88-0.97)
0.86 (0.82-0.90)

1
0.94 (0.90-0.98)
0.87 (0.83-0.91)
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2.3.2 Admission factors associated with delay to revascularisation

The day of admission had a significant impact on the proportion of patients
revascularised within 5-days. Approximately 61.6% of patients admitted on Sunday and
59.8% on Monday had a more timely intervention, but for patients admitted later in the
week, the proportion dropped to 46.1-50.8%, with the lowest proportion occurring on
Wednesday. The pattern of patient characteristics (as summarised by the Mahalanobis
distance) across various days of the week did not suggest there was any substantial
change in case-mix over the week (Figure 5). Adjusting for patient and admission
characteristics, the incidence rate ratio (IRR) of waiting >5 days for revascularisation
using Sunday as baseline was highest on Tuesday (IRR=1.39, 95% Cl| 1.25-1.54) and
Wednesday (IRR=1.40, 95% CI 1.26-1.55), but was still higher for Thursday (IRR=1.35,
1.21-1.49), Friday (IRR=1.31, 1.18-1.46) and Saturday (IRR=1.27, 1.13-1.43) (Table 8).

30

20

Mahalanobis distance

10

Sunday Monday  Tuesday Wednesday Thursday Friday Saturday

Day of admission

Figure 5 — Distribution of the Mahalanobis distance calculated from the explanatory
variables in the Poisson regression model, stratified by day of admission. The figure
shows the kernel-density estimate for the distribution together with a standard box

plot.
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Most patients admitted on Sunday had revascularisation during the same week, while a
significant proportion of patients admitted later in the week were treated during the
following week (Figure 6). Only 3.1% of procedures (n=358) were performed on the
weekend. The cumulative percentage of undergoing revascularisation exhibited a
bimodal pattern that indicated the effect of the day of admission was least prominent
at 7 and 14 days after admission (Figure 7). Sensitivity analysis using a 7-day admission-
to-intervention timeframe revealed that delays were still significantly affected by

patient factors, but less so by the day of admission (Table 9).
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Figure 6 — Percentage of patients undergoing revascularization on specific days of pre-
operative inpatient stay, by day of admission (population admitted on each day used

as the denominator).
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The procedure volume of the hospital where the intervention was performed was also
associated with delay to revascularisation, with middle and high-volume hospitals
associated with reduced risk of delay compared to low-volume centres (IRR 0.94, 95%
C1 0.90-0.98 and IRR 0.87, 95% CI 0.83-0.91, respectively). Median time from admission-
to-intervention was 6-days (IQR 3-11) for low-volume and 5-days (IQR 2-8) for high-
volume hospitals. There was a slightly reduced risk of delay for patients having
endovascular revascularisation procedures (IRR 0.95, 95% Cl 0.91-0.98, p=0.005). A
sensitivity analysis of 5,559 cases performed in hospitals with more than 80% case

ascertainment for endovascular procedures produced similar results (Table 10 and 11).
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Figure 7 — Cumulative percentage of patients undergoing revascularization as length of
pre-operative stay increases, by day of admission, for patients that were revascularised

within 21 days.
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Table 9 — Sensitivity analysis using 5-day vs. 7-day admission to intervention model. The
adjusted incidence rate ratios (IRR), 95% Cls and p-values were estimated using

multivariable Poisson regression analysis

5-days 7-days
IRR (95% Cl) p-value IRR (95% Cl) p-value
Age 0.016 0.107
<60 1 1
60-69 1.09 (1.02-1.16) 1.09 (1.01-1.19)
70-79 1.10(1.03-1.17) 1.06 (0.98-1.16)
>80 1.11 (1.04-1.19) 1.11 (1.02-1.22)
Gender 0.049 0.126
Male 1 1
Female 1.04 (0.99-1.08) 1.04 (0.99-1.10)
Diabetes 1.01 (0.98-1.06) 0.474 1.03 (0.98-1.09) 0.239
Comorbidities <0.001 <0.001
0-1 1 1
2 1.12 (1.07-1.17) 1.20(1.13-1.28)
3 or more 1.22 (1.15-1.29) 1.37 (1.26-1.48)
Smoking status 0.010 0.022
Current smoker 1 1
Ex-smoker 1.02 (0.97-1.07) 1.01 (0.95-1.08)
Never smoked 1.09 (1.03-1.16) 1.11 (1.02-1.20)
Fontaine score <0.001 <0.001
1] 1 1
vV 1.19(1.12-1.27) 1.33(1.22-1.45)
Presenting problem <0.001 <0.001
Chronic ischaemia 1 1
Tissue loss 1.05 (1.01-1.10) 1.08 (1.02-1.15)
Uncontrol. infection 1.15 (1.07-1.24) 1.29(1.17-1.42)
Day of admission <0.001 <0.001
Sunday 1 1
Monday 1.05 (0.94-1.17) 0.86 (0.77-0.97)
Tuesday 1.39 (1.25-1.54) 0.93 (0.83-1.04)
Wednesday 1.40 (1.26-1.55) 0.92 (0.82-1.03)
Thursday 1.35(1.21-1.49) 0.85 (0.75-0.95)
Friday 1.31 (1.18-1.46) 0.78 (0.69-0.88)
Saturday 1.27 (1.13-1.43) 0.97 (0.85-1.11)
Procedure 0.005 0.122
Open 1 1
Endovascular 0.95 (0.91-0.98) 0.96 (0.91-1.01)
Hospital Volume <0.001 <0.001

Low 1 1
Medium 0.94 (0.90-0.98) 0.90 (0.85-0.96)
High 0.87 (0.83-0.91) 0.80 (0.75-0.86)

79



Table 10 — Characteristics of patients having endovascular procedures at hospitals with

under 80% case ascertainment and 80% or more

No. of patients (%) in No. of patients (%) in

hospitals with < 809 hospitals with > 809
Patient characteristics ospitals with < 80% case ospitals with > 80% case

ascertainment ascertainment
(n=5,839) (n=5,559)

Age (years)

<60 896 (15.4) 805 (14.5)

60-69 1,636 (28.0) 1,421 (25.6)

70-79 1,945 (33.3) 1,808 (32.5)

>80 1,362 (23.3) 1,525 (27.4)
Male gender 4,057 (69.5) 3,779 (68.0)
Diabetes 3,001 (51.4) 3,282 (59.0)
Comorbidities

0-1 4,174 (71.5) 3,953 (71.1)

2 1,219 (20.9) 1,124 (20.2)

3 or more 446 (7.6) 482 (8.7)

Smoking status
Current smoker
Ex-smoker
Never smoked

Fontaine score
1
v

Presenting problem
Chronic ischaemia
Tissue loss
Uncontrolled infection

Procedure
Open
Endovascular

Day of admission
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday

Hospital volume
Low
Medium
High

2,107 (36.1)
2,968 (50.8)
764 (13.1)

1,243 (21.3)
4,596 (78.7)

2,601 (44.5)
2,906 (49.8)
332 (5.7)

4,154 (71.1)
1,685 (28.9)

346 (5.9)
1,011 (17.3)
1,108 (19.0)
1,028 (17.6)

985 (16.9)

981 (16.8)

380 (6.5)

2,576 (44.1)
1,531 (26.2)
1,732 (29.7)

1,541 (27.7)
2,874 (51.7)
1,144 (20.6)

1,031 (18.5)
4,528 (81.5)

2,587 (46.5)
2,545 (45.8)
427 (7.7)

1,819 (32.7)
3,740 (67.3)

321 (5.8)
1,081 (19.4)
959 (17.3)
952 (17.1)
994 (17.9)
913 (16.4)
339 (6.1)

1,009 (18.1)
2,351 (42.3)
2,199 (39.6)
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Table 11 — Analysis of NHS Hospitals with more than 80% case ascertainment for

angioplasty and more than 100 procedures entered annually in the NVR (n=5,559)

Variable Waiting >5 days Univariable analysis = Multivariable analysis
n (%) alRR (95% CI) p-value alRR (95% Cl) p-value

Age 0.022 0.039

<60 350 (43.5) 1 1

60-69 706 (49.7) 1.14 (1.04-1.26) 1.14 (1.03-1.25)

70-79 902 (49.9)  1.15(1.05-1.26) 1.13 (1.03-1.24)

280 747 (49.0) 1.13 (1.03-1.24) 1.09 (0.99-1.20)

Gender 0.768 0.939

Male 1,844 (48.8) 1 1

Female 861 (48.4) 0.99 (0.94-1.05) 1.00 (0.95-1.06)

Diabetes 1,651(50.3) 1.09(1.03-1.15) 0.004 1.03(0.97-1.09) 0.392

Comorbidities <0.001 0.002

0-1 1,867 (47.2) 1 1

2 571(50.8)  1.08(1.01-1.15) 1.07 (0.99-1.14)

3 or more 267 (55.4) 1.17 (1.08-1.28) 1.16 (1.06-1.26)

Smoking status <0.001 0.005

Current smoker 696 (45.2) 1 1

Ex-smoker 1,390 (48.4) 1.07(1.01-1.14) 1.04 (0.97-1.12)

Never smoked 619 (54.1) 1.20(1.11-1.29) 1.14 (1.05-1.23)

Fontaine score <0.001 0.001

1] 414 (40.2) 1 1

v 2,291 (50.6) 1.26(1.16-1.36) 1.17 (1.07-1.28)

Presenting problem <0.001 0.031

Chronic ischaemia 1,160 (44.8) 1 1

Tissue loss 1,311 (51.5) 1.15(1.09-1.22) 1.07 (1.01-1.14)

Uncontrol. infection 234 (54.8) 1.22(1.11-1.35) 1.11(1.01-1.23)

Day of admission <0.001 <0.001

Sunday 127 (39.6) 1 1

Monday 404 (37.4) 0.94 (0.81-1.10) 0.94 (0.80-1.09)

Tuesday 508 (53.0) 1.34 (1.15-1.55) 1.31(1.13-1.51)

Wednesday 508 (53.4) 1.35(1.16-1.56) 1.31(1.13-1.52)

Thursday 524 (52.7) 1.33 (1.15-1.54) 1.29(1.11-1.49)

Friday 463 (50.7) 1.28 (1.10-1.49) 1.24 (1.07-1.44)

Saturday 171 (50.4) 1.27 (1.07-1.51) 1.24 (1.05-1.47)

Procedure 0.171 0.086

Open 861 (47.3) 1 1

Endovascular 1,844 (49.3) 1.04(0.98-1.10) 0.95 (0.89-1.01)

Hospital volume <0.001 <0.001

Low 579 (57.4) 1 1

Medium 1,160 (49.3)  0.86 (0.80-0.92) 0.88 (0.82-0.94)

High 966 (43.9) 0.77 (0.71-0.82) 0.78 (0.73-0.84)
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2.4 Discussion

This study found that only 50.6% of the patients with CLTI admitted to NHS arterial
centres as emergencies between 2016 and 2019 underwent revascularisation within 5-
days from admission. The comparatively low proportion of patients meeting the target
set by the VSGBI is likely to reflect its recent introduction but it also reveals the

magnitude of the task ahead.

The timing of revascularisation was associated with a number of patient characteristics,
such as age, comorbidity burden, smoking status, Fontaine score and presenting
problem. Whether or not a patient had diabetes was not associated with the time to
revascularisation but there was a small effect associated with hospital volume, with a
slightly higher proportion of patients being treated within 5 days of admission at
hospitals with larger volumes. The results suggest that the type of procedure had a small
impact on delay. There was also a strong association with the day of admission. The
worst performance was observed midweek, with Tuesday and Wednesday being the
days of admission with the lowest proportion of patients meeting the 5-day

revascularisation target.

The finding that older age and multiple comorbidities were associated with an increased
risk of waiting for a procedure longer than 5 days is similar to findings from other
studies3'3314, These delays may be attributed to the fact that comorbid patients require
medical stabilisation and cardiorespiratory investigations (electrocardiograms,
echocardiograms, pulmonary function tests) after admission to assess fitness for
surgery. The waiting times for these tests vary between vascular units and they are often
not available out-of-hours, prolonging the delay to the procedure. Clinical input from
medical specialties may also be required to optimise these patients, and can further

delay treatment.

Patients with more severe disease, indicated by higher Fontaine score and presentation
with tissue loss also experienced longer delays to revascularisation. This finding is
counterintuitive as these patients are at higher risk of limb loss, but it is possible that

such cases have multilevel disease and require more complex decision-making about the
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treatment options. The delays for patients presenting with uncontrolled infection may
be due to antibiotic courses or other procedures performed to control the source of

infection prior to revascularisation.

A slightly higher proportion of patients who had endovascular procedures were treated
within the recommended 5-day standard compared to open revascularisation. This may
be because endovascular procedures are less invasive than bypass surgery and are
usually performed under local anaesthetic, so patients require fewer preoperative
investigations. However, the case ascertainment for endovascular procedures in the
NVR was substantially lower than for open surgical procedures, and this observation
needs to be treated with caution. In the sensitivity analysis of hospitals with high case
ascertainment for endovascular procedures, the difference in delays to revascularisation

between procedure types became non-significant.

An association between increased hospital volume and better patient outcomes such as
mortality and complication rates has been demonstrated in studies of vascular
surgery3>-317_ This study also suggests there can be a relationship between delay to
intervention and low hospital volume. This finding may reflect that larger vascular units
are better able to manage patient flow, but is hard to interpret this result due to a lack
of information on other unit-level factors, such as number of surgeons, theatre list

availability and population coverage.

The relationship between the day of admission and the time-to-revascularisation is an
important observation. There are mixed results about the importance of day of
admission from studies exploring its effect on process indicators, such as time to
intervention, and on patient outcomes3'®319, Studies have reported that patients

hospitalised on the weekend with stroke3?°, acute myocardial infarction3?!, upper

322 323

gastrointestinal bleeding3??, gallstone pancreatitis3?®> and spinal metastases3?* wait
longer for invasive procedures compared to patients admitted during the week. In the
USA, Orandi et al found that patients admitted non-electively with critical and acute limb
ischaemia on the weekend had longer wait to revascularisation, lower likelihood of
revascularisation, and higher odds of complications and major amputation than

325

weekday admissions>4>, but the effect of individual days of the week was not examined.
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Variations in performance across the week have been observed in other settings. A study
on hip fracture surgery found that patients admitted Thursday to Saturday experience
the longest delays3?°. Complex patterns of temporal variation were also demonstrated
in a study of acute stroke patients, where process outcomes, such as time to
thrombolysis, varied both by admission day and time, indicating that the impact of the

timing of admission is more intricate than the weekend effect implies3?’.

The NVR dataset does not contain variables that would allow a study to explore the
reasons behind the temporal variations in care. While some variation might reflect
differences in disease severity32%32°, the distinct pattern of surgery illustrated by Figure
6 suggests that the variation in observed delays is more likely to be the effect of
organisational factors, such as the limited availability of hospital resources and other
care processes3'3, especially during the weekend when there are typically lower staffing
levels, reduced availability of diagnostic tests and limited access to operating or
interventional theatres. Another reason for the delays could be the prioritisation of
patients with other vascular conditions, such as carotid disease and aneurysms, due to
incentives created by existing waiting time standards and previous quality improvement

initiatives, such as the publication of surgeon-level outcomes for these procedures339331,

Nonetheless, while the variation in activity during the week is undesirable, a greater
concern is that only 50.6% of the patients with CLTI had revascularisation within 5-days.
It is unrealistic to expect all patients to be treated within this timeframe. While rapid
revascularisation is important for patients with tissue loss, some individuals benefit from
medical optimisation. One approach might be to agree a national standard based on the
top performing vascular units as identified in the recent 2020 NVR Annual Report?3, An
alternative could be to revise the recommendation from 5-days to 7-days. However,
such a change ideally requires information about how time to revascularisation affects

limb salvage.

The adoption of 7-day urgent vascular services, with operating slots on the weekend as
a way to expand capacity, has been recommended in the 2018 GIRFT Vascular Surgery
report?3®. This model has improved waiting times in orthopaedic surgery33?. Recent

studies demonstrated the safety of aortic and lower limb procedures performed on the
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weekend3337335 even though there is significant heterogeneity of outcomes in the
literature336-33%, There may be lessons to learn from the centralisation of acute stroke
services in London, which alleviated the effect of the day and time of admission on brain
scanning and thrombolysis33°. A strong relationship with the Radiology Department has
been considered as one of the reasons for the success of this initiative34° and increased
access to imaging resources would also facilitate the quick progress of the CLTI patient
through the diagnostic pathway, while redistribution of imaging as well as
cardiorespiratory test slots to correlate with the variation in demand may alleviate this

disparity in waiting times.

The development of 7-day services would come at significant cost to the NHS34!, which
could be partially offset by the reduction in length of stay and complication rates thanks
to early revascularisation. Prioritisation of patients with chronic limb-threatening
ischaemia and reallocation of existing resources may be more attainable but their
effectiveness should be evaluated. The study also suggests that further guidance on the
5-day recommendation and the role of medical optimisation is required. Without this

advice, a range of local standards will probably develop.

Strengths and limitations

The main strength of this study is its population-based design and large size, which
increases the generalisability of the findings. The detailed clinical information in the
Registry also allowed adjustment for relevant confounding factors. To the best of the
author’s knowledge, this is the first study to report detailed day-to-day variation in time

to intervention rather than focus on a weekend effect.

This study has several limitations. First, while the NVR has a high case-ascertainment for
lower-limb bypass (90%), it only captures around 40% of all lower limb endovascular
procedures®. The similarity of the patient characteristics from hospitals with low and
high case-ascertainment (Table 10) and the results from the sensitivity analysis (Table
11) suggest that the estimated time to surgery for endovascular procedures are robust
and have not unduly biased the estimated level of overall compliance. Similarly, there
was no suggestion that data of endovascular procedures were more likely to be

submitted on particular days of admission, which could have led to bias in the estimates
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for each day of the week. Second, the NVR dataset does not record previous hospital
admissions or outpatient reviews. Consequently, although the study was limited to
emergency admissions documented as “non-elective” in the NVR system, some of the
patients may have followed the outpatient pathway and may have been admitted for an
expedited procedure, which would artificially increase the proportion of patients whose
intervention was within the 5-day recommendation. Finally, the time of admission was
not available. It was therefore not possible to assess the effect of in-hours versus out-
of-hours presentation. It is hypothesised that, due to the timeframe for
revascularisation being days rather than hours, the time of presentation does not

substantially affect the time to intervention.

In conclusion, between 2016 and 2019, only 50.6% of patients admitted as emergencies
with CLTI in UK vascular units received revascularisation within 5-days. The time from
admission to revascularisation was associated with the day of admission among other
factors. The adoption of a 5-day target has provided an explicit standard against which

services can benchmark their performance and will hopefully motivate improvement.
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Chapter 3. The association of timing of revascularisation with
postoperative outcomes of patients with chronic limb-threatening

ischaemia

3.1 Introduction

In patients with CLTI, there is a high risk of limb loss if blood flow is not restored promptly
via open surgical or endovascular revascularisation. Delays to revascularisation can
occur in various stages of the patient pathway from symptom onset to intervention and
vary widely across the UK and internationally?3%24%, There is currently no evidence-based
optimal timeframe for the revascularisation of patients with CLTI recommended by

national® or international® guidelines.

In the UK, the VSGBI published a PAD Best Practice Framework in 2019, according to
which revascularisation should be performed within 5 days from referral for patients
admitted to the hospital urgently with severe disease?®’. This recommendation was
based on clinical consensus and expert opinions, because there is limited evidence on
the relationship between the timing of revascularisation and postoperative outcomes
such as limb loss and death, even though the rates of major amputation and death after
revascularisation and other factors that affect them have been explored

extensively?30,234,342-345,

Shorter time to revascularisation is associated with increased probability of healing for
ischaemic diabetic foot ulcers (HR 1.96, 95% Cl 1.52-2.52), when the time from
presentation to intervention was 8 weeks or less3%’. Additionally, the limb salvage rate
was three times higher in patients with CLTI and diabetes, when they were
revascularised within 2 weeks of referral (OR 3.1, 95% Cl 1.4- 6.9)3%, It is hypothesised
that expedited revascularisation would also decrease the risk of limb loss and death in
patients without diabetes. The aim of this study was to evaluate the association of
timing of infrainguinal revascularisation with major amputation and mortality rates at 1-

year for patients admitted to hospital as emergencies with CLTI.
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3.2 Methods
3.2.1 Study cohort

Data were extracted from the Hospital Episode Statistics (HES) Admitted Patient Care
(APC) database, the national administrative hospital database which captures
information about all NHS hospital admissions in England3#®. The study cohort included
all patients with a PAD-related diagnosis (Appendix 1) who underwent infrainguinal
lower limb revascularisation procedures during emergency admissions to NHS hospitals
in England between 1% January 2017 and 31t December 2019. The first admission of an
individual patient with a revascularisation procedure during the study period was
considered the index admission and the first revascularisation procedure was defined as
the index procedure. Excluded were: patients younger than 50 years of age on the index
admission, those that underwent major amputation on the same day as the index
revascularisation procedure, patients who had undergone revascularisations or major
amputations in the 3 years prior to the index admission, and patients with admission-
to-revascularisation time longer than 30 days, as it was assumed that they were
unsuitable for intervention in the short-term. Procedures performed in NHS Trusts with
fewer than an average of 10 procedures per year and records with missing data on the
covariates of interest (procedure date or side, deprivation status) were also excluded

and a complete case analysis was performed.

3.2.2 Patient characteristics

Age on the date of the index admission was categorised into four groups (50-59, 60-69,
70-79, > 80 years) for the analysis. Diagnostic information was recorded in HES using the
International Classification of Diseases 10t revision (ICD-10)3*’. The presence of
diabetes mellitus and PAD were determined by the presence of the relevant ICD-10
codes in any diagnostic field of the index admission and admissions in the 3 years prior
to that (Appendix 1). Tissue loss was indicated by ICD-10 diagnosis codes for gangrene,
ulcer and osteomyelitis on the index admission (Appendix 1).The patients’ frailty status
(not frail, mild, moderate, severe frailty) was derived from diagnostic codes of the index
admission and admissions in the 3 years prior to that using the Secondary Care

Administrative Records Frailty (SCARF) index3%€. As only 1.1% of patients (n=112) were
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identified as “not frail”, these were grouped with the patients with mild frailty for the
analysis. The burden of comorbidities was calculated using the Royal College of Surgeons
Charlson Comorbidity Index (RCS CCI) and was categorised into zero, one, two, and three
or more comorbidities3*°. PAD and diabetes mellitus were excluded from the calculation
of the RCS CCl, as all patients had a PAD diagnosis, and diabetes was examined as a
separate variable. The rest of the comorbidities included in the RCS CCI were identified
from ICD-10 diagnostic codes in the index admission and admissions in the preceding 3
years. Socioeconomic status was determined using the Index of Multiple Deprivation
(IMD) 2019 allocated to patients’ lower super output area of residence (LSOA) by the
Office for National Statistics (ONS), and was divided into quintiles using the IMD rank of

each area30.

Revascularisation procedures were identified using relevant Office of Population
Censuses and Surveys (OPCS) Classification of Surgical Operations and Procedures
version 4.8 codes searching all procedure fields3*! (Appendix 2). These OPCS codes were
used to categorise the index procedure type as endovascular or open (surgical). Hybrid
procedures, which had both open and endovascular codes recorded on the index
procedure date, were included in the open category. The level of the index infrainguinal
revascularisation was defined as femoral, popliteal or crural using OPCS codes (Appendix
2), and reflected the outflow artery of a bypass or the vessel treated with an angioplasty
or stent. When multiple arteries were treated during the index procedure, the most
distal one was selected as the level of intervention. The side of the index procedure

(right, left, bilateral) was also examined.

3.2.3 Outcomes

The primary outcome was mortality at 1l-year after the index revascularisation
procedure. Secondary outcomes were the 1-year ipsilateral major amputation rate, time
to major amputation, and time to death. Mortality data were available from the ONS
Death Registry, which records the date of death for all residents in England and Wales3>2.
Major amputation was defined as any amputation proximal to the ankle joint and the
side of amputation was taken into account, to capture only ipsilateral major

amputations. The follow-up period was calculated from the index revascularisation date

89



to the date of death or the end of follow-up (31 December 2020), whichever happened

first. All patients had at least one year of follow-up.

3.2.4 Statistical analysis

Categorical variables of patients’ demographic characteristics were summarised as
frequencies and proportions, and differences between patient groups were examined
using the chi squared test. The median and IQR statistics were used to summarise the
distributions of time from admission to revascularisation in days, time from
revascularisation to major amputation, and time from revascularisation to death. The

difference in medians between groups was examined using quantile regression>3,

The time from admission to revascularisation had a different relationship with 1-year
mortality depending on the presence of tissue loss, and therefore separate logistic
regression models were fitted for patients who presented with and without tissue loss.
In addition to time from admission to revascularisation, the models included: age group,
gender, presence of diabetes, comorbidity burden, frailty status, presence of gangrene
(tissue loss group only), type of procedure and level of revascularisation. For similar
reasons, two separate multinomial logistic regression models were used to evaluate the
association between 1-year major amputation and time-to-revascularisation for
patients with and without tissue loss. The second outcome in the multinomial model
was 1-year mortality, and this enabled the competing risk of death to be incorporated.
The models contained the previous explanatory variables plus social deprivation.
Interaction terms between variables for which relationships were likely based on clinical
reasoning were evaluated for statistical significance using the Bayesian information
criterion. The Kaplan—Meier estimator was used to investigate the timing of occurrence

of major amputation and death in the year after revascularisation.

A sensitivity analysis was also performed including only patients that had
revascularisation procedures during admissions to hospital from 1 January 2017 to 31
December 2018, so that the 1-year follow-up period was complete before January 2020,
after which mortality may have been higher due to the coronavirus-19 (COVID-19)
pandemic. All statistical tests were two-sided and p-values less than 0.05 were

considered statistically significant. All analyses were performed in STATA 17.0
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(StataCorp, College Station, TX, USA). The study was conducted and reported according

to the RECORD extension of the STROBE statement for observational studies312.

3.3 Results

HES records were available for 13,497 patients who underwent infrainguinal lower limb
revascularisation procedures for PAD during emergency admissions between 1°t January
2017 and 31°t December 2019. Excluded were 422 patients younger than 50 years of
age, 1,597 patients who had a revascularisation or major amputation 3 years prior to
the study period, 55 with major amputation on the same day as the index
revascularisation, 244 patients with admission-to-index revascularisation time longer
than 30 days, 381 in low-volume trusts, and 615 patients with missing information on
the variables included in the analysis. After the exclusion criteria were applied, 10,183

patients were included in the analysis (Figure 8).

13,497 patients with infrainguinal
revascularisation as emergencies
for PAD in 2017-2019

Excluded:

422 aged <50 years old

1,597 previous amputation/revascularisation

55 same-day amputation and revascularisation

244 admission to intervention time>30 days

381 in Trusts with fewer than 10 procedures/year

615 missing data on covariates (506 procedure
side, 96 procedure date, 13 deprivation

v

10,183 patients analysed

Figure 8 — Flow chart of study population
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3.3.1 Baseline demographics

Men comprised 67.1% (n=6,831) of the study population and median age was 75 years
(IQR 66-82). More than half of the patients had diabetes mellitus (n=5,863, 57.6%) and
73.2% (n=7,458) had tissue loss. Of the patients with tissue loss, 30.3% (n=2,259) had
diagnostic codes for ulcer only, 26.5% (n=1,980) for gangrene only and 42.2% (n=3,145)
for both, with a further 1.0% (n=74) having osteomyelitis. Two thirds of patients were
severely frail based on the SCARF index (65.8%,n=6,696). There were more endovascular
procedures compared to open (68.2%, n=6,946 vs 31.8%, n=3,237). The most common
site of intervention was the femoral arteries (48.6%, n=4,944), followed by the crural

arteries (29.2%, n=2,975) (Table 12).

Overall, 54.5% of patients (n=5,546) were revascularised within 5 days, and the median
admission-to-revascularisation time was 5 days (IQR 2-9). There was a greater
proportion of younger patients, those without a diagnosis of diabetes or other
comorbidities, less frail and less deprived patients among those who had their
procedure within five days compared to those waiting longer than 5 days (Table 12).
Patients with tissue loss waited longer for revascularisation (median 6 days, IQR 3-10)
compared to patients without tissue loss (median 2 days, IQR 1-5) (Figure 9). Seven
percent of patients without tissue loss (n-=190) and 22.2% with tissue loss (n=1,657)
waited longer than 10 days for a revascularisation procedure. A greater proportion of
procedures performed within 5 days from admission were open revascularisations
(36.4% vs 26.3%) and fewer involved crural arteries (26.7% vs 32.2%) compared to those

performed after 5 days (Table 12).
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Table 12 — Baseline patient characteristics presented as frequencies (%), divided into

groups according to time from admission to revascularisation. P-values are derived

using the chi squared test for the difference between the two groups.

Time to revascularisation

Total <=5 days >5 days p-value
(n=10,183) (n=5,546) (n=4,637)
Age group
50-59 1,207 (11.9) 741 (13.4) 466 (10.0)  <0.001
60-69 2,241 (22.0) 1,239 (22.3) 1,002 (21.6)
70-79 3,218 (31.6) 1,717 (31.0) 1,501 (32.4)
>80 3,517 (34.5) 1,849 (33.3) 1,668 (36.0)
Gender 0.282
Male 6,831 (67.1) 3,695 (66.6) 3,136 (67.6)
Female 3,352 (32.9) 1,851 (33.4) 1,501 (32.4)
Diabetes mellitus 5,863 (57.6) 2,875(51.8) 2,988 (64.4)  <0.001
RCS Charlson Comorbidity Index <0.001
0 2,858 (28.1) 1,753 (31.6) 1,105 (23.8)
1 2,775 (27.2) 1,592 (28.7) 1,183 (25.5)
2 2,042 (20.1) 1,059 (19.1) 983 (21.2)
3 or more 2,508 (24.6) 1,142 (20.6) 1,366 (29.5)
Scarf frailty index <0.001
Mild frailty 888 (8.7) 649 (11.7) 239 (5.2)
Moderate frailty 2,599 (25.5) 1,651 (29.8) 948 (20.4)
Severe frailty 6,696 (65.8) 3,246 (58.5) 3,450 (74.4)
Deprivation <0.001
Q1 (least deprived) 1,522 (14.9) 852 (15.4) 670 (14.4)
Q2 1,790 (17.6) 996 (18.0) 794 (17.1)
Q3 2,032 (20.0) 1,167 (21.0) 865 (18.7)
Q4 2,227 (21.9) 1,187 (21.4) 1,040 (22.4)
Q5 (most deprived) 2,612 (25.6) 1,344 (24.2) 1,268 (27.4)
Tissue loss 7,458 (73.2) 3,464 (62.5) 3,994 (86.1)  <0.001
Gangrene 5,125 (50.3) 2,378 (42.9) 2,747 (59.2) <0.001
Procedure type <0.001
Endovascular 6,946 (68.2) 3,527 (63.6) 3,419 (73.7)
Open 3,237 (31.8) 2,019 (36.4)  1,218(26.3)
Level of intervention <0.001
Femoral 4,944 (48.6) 2,803 (50.5) 2,141 (46.2)
Popliteal 2,264 (22.2) 1,263 (22.8) 1,001 (21.6)
Crural 2,975 (29.2) 1,480 (26.7) 1,495 (32.2)
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Figure 9 — Boxplots illustrating the association between time-to-revascularisation in days

and presence of tissue loss by procedure type

3.3.2 Delay and mortality risk

Overall 1-year mortality after lower limb revascularisation was 27.3% (n=2,776). The
unadjusted mortality was 30.0% (95% Cl 28.9-31.0%) in patients with tissue loss and
19.9% (95% Cl 18.4-21.4%) in patients without. The relationship between time-to-
revascularisation and mortality in patients with and without tissue loss is depicted in
Figure 10. In patients without tissue loss, 1-year mortality was not associated with the
timing of intervention (aOR 1.00, 95% Cl 0.98-1.03, p=0.706), after adjustment for age,
gender, diabetes, comorbidity burden, frailty, procedure type and level of intervention.
However, in patients with tissue loss, for every one-day increase in time-to-
revascularisation, the odds of 1-year mortality increased by 3% (aOR 1.03, 95% Cl 1.02
to 1.04, p<0.001), after adjustment for the previous patient factors and the presence of

gangrene (Table 13).

Gangrene was an independent risk factor for 1-year mortality (aOR 1.37, 95% Cl 1.22-
1.54) compared to other forms of tissue loss. Other factors significantly associated with

1-year mortality were older age, higher number of comorbidities, severe frailty, and
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more proximal interventions, irrespective of tissue loss status (Table 13, Figure 11).
There was no evidence of an association between mortality and gender, presence of

diabetes or deprivation in either group.

The population attributable risk suggests that if everyone with tissue loss had a delay of
no more than 5 days from admission to revascularisation, the mortality rate after one
year would be 27.7% (95% Cl 26.5-28.8%), which is 2.3% lower (95% Cl 1.63-2.95%) than
the current mortality rate of 30.0% (95% Cl 29.0-30.9%), based on the current
distribution of delays. No change in mortality would be expected in patients without

tissue loss, if the time to revascularisation was 5 days or less for all patients.

Table 13 — Adjusted odds ratio and 95% Confidence intervals for 1-year mortality in

patients with and without tissue loss

No tissue loss

Tissue loss

Time-to-revascularisation
Age group

50-59

60-69

70-79

280
Female gender
Diabetes mellitus
Severe frailty
Gangrene
RCS Charlson Comorbidity index

0

1

2

3 or more
Procedure type

Endovascular

Open
Level of intervention

Femoral

Popliteal

Crural

1.00 (0.98-1.03)

0.43 (0.28-0.66)
0.58 (0.43-0.78)
1
1.69 (1.34-2.13)
0.97 (0.79-1.19)
1.03 (0.83-1.28)
1.80 (1.40-2.31)

1
1.57 (1.16-2.12)
2.09 (1.49-2.91)
2.96 (2.10-4.17)

1
1.17 (0.95-1.44)

1
0.75 (0.58-0.96)
0.72 (0.55-0.95)

1.03 (1.02-1.04)

0.52 (0.42-0.65)
0.70 (0.59-0.82)
1
2.10 (1.85-2.38)
1.04 (0.93-1.17)
1.05 (0.93-1.18)
1.42 (1.21-1.67)
1.37 (1.22-1.54)

1
1.41 (1.18-1.67)
1.99 (1.66-2.39)
3.19 (2.67-3.81)

1
0.86 (0.75-0.98)

1
0.86 (0.75-1.00)
0.78 (0.69-0.88)
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Figure 10 — Estimated 1-year mortality by time to revascularisation and presence of

tissue loss
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3.3.3 Delay and risk of amputation

At 1-year after revascularisation, 6,215 patients (61.0%) were alive and amputation-
free, 1,599 (15.7%) had undergone an ipsilateral major amputation and 2,369 (23.3%)
had died without an amputation. The median time-to-revascularisation was 4 days (IQR
2-8) for those who were alive and amputation-free at 1-year, 5 days (IQR 2-8) for

patients with a major amputation and 6 days (3-11) for those who died (p<0.001).

There was no significant association between the time from admission to
revascularisation in days and the risk of ipsilateral major amputation at 1-year, after
controlling for patient and admission factors and taking into account the competing risk
of death (Table 14, Figure 12). Estimated 1-year amputation rate was 16.4% for patients
with tissue loss (95% Cl 15.5-17.2%) and 13.9% (95% Cl 12.6-15.1%) for patients without
tissue loss. The relationship between time-to-revascularisation and estimated 1-year
major amputation rate is shown in Figure 12. There was a trend towards an increase in
the risk major amputation as the time to revascularisation increased in patients without
tissue loss, that did not reach significance (adjusted Relative Risk Ratio [aRRR] 1.02, 95%
C10.99-1.05). Conversely, the adjusted relative risk of 1-year major amputation for every
one-day increase in time-to-revascularisation for patients with tissue loss was 0.999

(95% Cl 0.99-1.01), which was also not statistically significant.

Different factors were associated with increased risk of 1-year major amputation
depending on whether the patient had tissue loss or not, apart from severe deprivation,
which was a significant factor in both groups (aRRR 1.36, 95% Cl 1.06-1.75 in no tissue
loss group; 1.22, 95% Cl 1.06-1.41 in tissue loss group) (Table 14). In patients without
tissue loss, intervention on the crural vessels was also independently associated with
increased risk of 1-year major amputation (aRRR 2.74, 95% Cl 2.09-3.59 vs. femoral). In
patients with tissue loss, significant factors included multiple comorbidities (aRRR 1.42,
95% ClI 1.15-1.75 for 3 or more comorbidities vs none), severe frailty (aRRR 1.25, 95% ClI
1.05-1.49 vs mild frailty), and presence of gangrene (aRRR 2.02, 95% Cl 1.73-2.35). On
the other hand, women and people over 80 years old were significantly less likely to
have a major amputation at 1-year in the tissue loss group (aRRR 0.83, 95% Cl 0.72-0.96
for women vs men; aRRR 0.75, 95% Cl 0.63-0.89 for 280 vs. 70-79 age group) (Figure 13).
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Table 14 — Adjusted relative risk ratio and 95% Confidence intervals for 1-year
ipsilateral major amputation, taking into account the competing risk of death in

patients with and without tissue loss

No tissue loss

Tissue loss

Time-to-revascularisation
Age group
50-59
60-69
70-79
>80
Female gender
Diabetes mellitus
Severe frailty
Most deprived
Gangrene
RCS Charlson Comorbidity index
0
1
2
3 or more
Procedure type
Endovascular
Open
Level of intervention
Femoral
Popliteal

Crural

1.02 (0.99-1.05)

1.08 (0.77-1.51)
0.92 (0.69-1.24)
1
0.74 (0.54-1.01)
0.95 (0.75-1.22)
1.11 (0.86-1.42)
1.14 (0.86-1.52)
1.36 (1.06-1.75)

1
1.19 (0.89-1.58)
1.10 (0.76-1.58)
1.20 (0.81-1.80)

1
1.09 (0.86-1.38)

1
1.28 (0.96-1.70)
2.74 (2.09-3.59)

1.00 (0.99-1.01)

1.08 (0.88-1.32)
1.08 (0.91-1.28)
1
0.75 (0.63-0.89)
0.83 (0.72-0.96)
1.14 (0.98-1.32)
1.25 (1.05-1.49)
1.22 (1.06-1.41)
2.02 (1.73-2.35)

1
1.09 (0.90-1.31)
1.09 (0.88-1.35)
1.42 (1.15-1.75)

1
1.13 (0.96-1.32)

1
1.03 (0.86-1.22)
1.04 (0.89-1.20)
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Figure 12 — Estimated probability of 1-year ipsilateral major amputation by admission-

to-revascularisation time in days in patients with and without tissue loss
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3.3.4 Delay and time to first event (major amputation or death)

Kaplan-Meier curves were drawn to examine the impact of revascularisation delays on
survival during the 12 months of follow-up. Longer time from admission to
revascularisation was associated with higher mortality, with the difference becoming

more prominent over time, especially in the tissue loss group (Figure 14).

Regarding the occurrence of the amputation and death throughout the 1% year after
revascularisation, the incidence of major amputations increased sharply in the first 2
months and continued to increase at a lower rate from 6 months onwards, whereas
mortality increased at a steady rate over time (Figure 14). For those patients who had
an amputation in the first year after revascularisation, median time to major amputation

was 35 days (IQR 10-98), with the 30-day major amputation rate being 7.4% (n=752).

A sensitivity analysis that included only 6,843 patients treated in 2017 and 2018, whose
follow-up period did not include 2020, had similar results. One-year overall mortality
was 27.9% (n=1,910), only slightly higher compared to the whole cohort which was
27.3%. Additionally, the 1-year ipsilateral major amputation was the same (15.7%) and
1-year amputation-free survival very similar in both analyses (60.5% in sensitivity vs
61.0% in full cohort). The association of delay to revascularisation with outcomes was
also the same. This indicated that the overall mortality was unlikely to have been

influenced by the COVID-19 pandemic.
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3.4 Discussion

In this study of 10,183 patients with CLTI undergoing infrainguinal revascularisation
during emergency admissions in England between 2017 and 2019, overall 1l-year
mortality rate was 27.3% and 1-year ipsilateral major amputation rate was 15.7%, with
most amputations occurring in the first few months after revascularisation. The
mortality rate was similar to the reported 28% in a German cohort study of 199,953
patients hospitalised with CLTI, 63% of which underwent revascularisation in the index
admission®2. However, it was higher than previously reported rates of 12-24% in two
meta-analyses of patients undergoing revascularisation for CLTI2?7:342 and rates of 11-
13% in English cohort studies using the same dataset!®*22%, The difference in mortality
between these studies and our findings may be due to the fact that we limited our
cohort to emergency admissions, with high proportion of tissue loss and a third of the
patients being 80 years or older, all of which are associated with higher mortality. In the
study by Gray et al, only 24% of patients were admitted as emergencies to hospital and
other studies also included non-emergency patients without specifying their
proprotion®®*. Additionally, 73% of patients in our study had tissue loss, which is much
higher than the study by Heikkila with 21%228, The RCTs reported in the meta-analyses
often excluded high risk and very elderly patients which are included in real-world
studies such as ours and have higher mortality risk. One-year major amputation rate
after revascularisation in patients with CLTI ranges from 8% to 24%, and our reported
rate of 15.7% falls within this range*#233342 |t was not possible to compare our outcome
rates with large RCTs such as the BEST CLI or BASIL, as they reported outcomes over the

follow-up period and not specifically at 1-year®>189,

The median admission-to-revascularisation time was 5 days (IQR 2-8), therefore only
half of the patients achieved the recommended timeframe to revascularisation
according to the VSGBI Best Practice guidance?3’. However this is not surprising, as the
guidance was published in April 2019 and most of the revascularisation procedures in
this study were performed prior to that date. Time to revascularisation was longer for
patients with tissue loss compared to those without, indicating that patients with more
severe presentation waited longer for revascularisation. This finding is congruent with

other studies that have identified the increased severity of PAD at presentation as a
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factor associated with delays to revascularisation in this patient cohort?*::3>4, Reasons
for delays in the presence of tissue loss may include the need for pharmacological
treatment such as antibiotics or other procedures such as debridement to control foot
sepsis. It is also possible that these patients have more complex disease and require
additional imaging and cardiovascular investigations or medical optimisation prior to the
revascularisation procedure. Other factors contributing to delays include older age,
greater burden of comorbidities, the procedure volume of the hospital, the type of
revascularisation procedure, presentation in a hub or spoke hospital and the weekday
of admission?43>4, In our study, the delays were similar for endovascular and open
procedures in the tissue loss group, but longer for endovascular procedures when
revascularisation was performed for indications other than tissue loss. This is in contrast
to the BEST-CLI trial, which reported a shorter median time to index procedure for
endovascular interventions compared to surgical procedures (1 day, IQR 0-7; vs. 4 days,
IQR 1-11)*8°, This difference may be attributed to the health system disparities and

vascular service configuration in England and the United States.

The association between mortality and delay to operative management has been
demonstrated in patients with hip fractures3>* and those undergoing major
amputation®® but to our knowledge it has not been explored in patients undergoing
revascularisation for CLTI?*°. We found that longer time from emergency admission to
revascularisation in patients with tissue loss was independently and significantly
associated with increased 1-year mortality, while there was no evidence of such a
relationship in the absence of tissue loss. We determined that if all patients with tissue
loss were revascularised within 5 days, the 1-year mortality rate would be reduced by
2.3%. The more prominent negative association of delays in patients with tissue loss may
have been related to their physiological state, which was likely worse compared to
patients with less severe presentations, so they may have decompensated while waiting
for a procedure in the hospital. Even though the results were adjusted for the patients’
comorbidities and frailty, physiological measurements such as blood pressure and heart
rate or biochemical markers that have influenced these outcomes in other studies were

not available?3®.
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Patients with tissue loss had higher mortality in our study compared to patients
revascularised in the absence of tissue loss. These findings are supported by a large
cohort study of 38,470 from the US Vascular Quality initiative, which reported 50%
higher 2-year mortality in the tissue loss group (HR 1.5, 95% Cl 1.2-1.9)230. Similarly,
Vierthaler et al. found that patients with rest pain had 13% mortality at 1-year,

compared to 20% in patients with tissue loss?32,

It was hypothesised that longer time from admission to revascularisation would be
associated with higher risk of major amputation. A delay of more than 2 weeks from
referral to revascularisation has been associated with 3-fold increased risk of major
amputation in patients with diabetes and CLTI, but not in patients without diabetes3°8,
A further study of 478 patients with ischaemic diabetic foot ulcers demonstrated that
shorter time from presentation to revascularisation (<8 weeks) was associated with
increased probability of healing (HR 1.96, 95% CI 1.52-2.52)3%7. There was, however, no
association between time to revascularisation and 1-year ipsilateral major amputation
in our current study. This may be due to the fact that delays were measured from the
day of admission rather than the onset of symptoms, therefore the time prior to
presentation was not taken into account and may have varied considerably?*°. However,
it was considered that patients with disease so severe that required immediate
intervention as inpatients would seek healthcare advice relatively quickly after symptom

onset.

Even though longer time from admission to revascularisation was not significantly
associated with higher risk of 1-year major amputation, we identified several factors
that were. Such factors in patients with tissue loss included male gender, high
comorbidity burden, severe frailty and living in a high deprivation area, as well as
presence of gangrene. The association of male gender with increased risk of major
amputation has been previously reported, but is yet unexplained?*232357  Additionally,
the presence of tissue loss is a well-documented risk factor for major amputation, as
these patients tend to have more advanced disease compared to patients with rest pain
or claudication??®232233 On the other hand, octogenarians with tissue loss had lower risk
of major amputation in our study compared to younger patients, after adjustment for

comorbidities, frailty, and other patient factors. This finding was also demonstrated in

104



four studies summarised in a meta-analysis, with pooled OR of 0.61 (95% Cl 0.39-0.96)
for patients 80 years and over compared to <80 years, but the quality of evidence was
deemed very low, and in other studies such a trend was observed but did not reach
significance?8, It is worth highlighting that the reported lower risk of major amputation
refers to patients who have undergone a revascularisation attempt rather than primary
amputation, and therefore it may indicate a better functional status or a reluctance of
clinicians to offer or of patients to undergo further procedures. In agreement with a
larger meta-analysis and the BEST-CLI trial, we did not find a significant difference in this
outcome between open and endovascular procedures!®1%3, These factors are not
modifiable, therefore further research is required to identify modifiable factors
associated with major amputation following revascularisation and potential effective

interventions.

Our study has several strengths. It included a large population cohort extracted from the
HES administrative database covering all admissions in NHS hospitals in England, and
follow-up information was available for all patients for at least a year after the index
procedure. Therefore, there is low risk of selection bias or loss to follow-up. Additionally,
we only included major amputations performed on the same side as the
revascularisation procedure. Therefore our findings are more likely to be associated with
the condition for which the revascularisation procedure was performed compared to
studies that do not limit the reporting of outcomes on ipsilateral-only amputations.
Moreover, we reported on the risk of amputation separately from the risk of death,
instead of the composite outcome amputation-free survival, and the competing risk of
death was taken into account when reporting the estimated risk of ipsilateral major
amputation. Finally, the results are unlikely to have been influenced by the COVID-19

pandemic, as a sensitivity analysis excluding that time-period had similar results.

This study also has various limitations. Firstly, the data source was an administrative
database that does not optimally collect the severity of PAD. Our previous study
demonstrated that combining the ICD-10 diagnostic codes for PAD with the mode of
emergency admission was highly specific (91.7%) for CLTI but not sensitive (67.1%)2%°.
Therefore, some patients with emergency CLTI admission may have been excluded from

the study. The HES database is also prone to errors, such as omission of clinical
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information or inaccurate coding, but overall the discharge coding has been deemed
sufficiently robust for use in research®>23%0, Secondly, the results were adjusted for many
patient and admission characteristics that have been associated with mortality or major
amputation in previous studies, but there may have been residual confounding factors
that were unaccounted for and may have influenced the outcome, such as smoking,
atherosclerotic burden, operative technique (vein vs prosthetic bypass graft, plain
balloon angioplasty vs stenting)3#2, and biochemical markers?3>. Thirdly, only the first
revascularisation of an admission was taken into account when determining the type of
procedure performed, so staged approaches or the number of re-interventions or failed

procedures were not explored, due to the limitations of the available data.

In conclusion, patients undergoing infrainguinal revascularisation for CLTI during
emergency admissions had high 1-year major amputation and mortality rates in this
study. Longer time from admission to revascularisation was independently associated
with higher mortality in patients with tissue loss but not in those with less severe forms
of PAD. There was no evidence of an association between delay to revascularisation and

major amputation, after adjustment for patient and admission factors.
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Chapter 4. Implementation and short-term outcomes of the

Peripheral Arterial Disease Quality Improvement Programme

4.1 Introduction

CLTl is a vascular condition with high morbidity and mortality, and management options
include medications, revascularisation procedures or primary amputation. As discussed
in previous chapters, the NCEPOD report and the NHS Improvement GIRFT report on
vascular surgery highlighted deficiencies in the management of patients with CLTl in the
NHS, which varied widely across the country?°®236  This variation included
inconsistencies in the choice of open surgical or endovascular treatment, involvement
of a multidisciplinary team in the decision-making, availability of pre-operative
anaesthetic assessment, and the timeliness of assessment and treatment?3®. For this
reason, the GIRFT report recommended the creation of a pathway to achieve faster

referral to treatment times, to eliminate variation and improve outcomes for patients.

In response to the recommendation, the VSGBI published the “Best Practice Clinical Care
Pathway for Peripheral Arterial Disease” in March 201927, This document described a
Quality Improvement Framework (PAD QIF) with specific guidance for the management
of patients with peripheral arterial disease and short timelines from referral to
treatment for CLTI. However, it is unknown whether these timelines are achievable,
taking into account the limited resources and high service demand in most UK vascular
units. Additionally, there is a paucity of evidence regarding the changes required in
vascular services to achieve these timelines and whether these changes improve patient

outcomes.

The Peripheral Arterial Disease Quality Improvement Programme (PAD QIP) was
designed to evaluate the implementation and clinical effectiveness of the PAD QIF in
practice, using the Institute of Healthcare Improvement Breakthrough Series
Collaborative approach3®, A Quality Improvement Collaborative (QIC) is an organised
structured process that includes multidisciplinary teams from multiple healthcare sites

supported by a team of experts to address a specific healthcare problem by applying
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improvement methods, reporting results and sharing best practice and data on service
performance3%03%4 QICs are an effective way to help clinicians improve the quality of
care delivered to patients?®®. The QIC approach has been used once in the UK vascular
surgery setting, during the Abdominal Aortic Aneurysm Quality Improvement
Programme (AAA QIP)3%°, and due to the success of other collaborative projects in UK
surgical contexts3013%2 it was adopted for this programme. An additional reason for
choosing the QIC approach was the lack of evidence on specific interventions that would
be suitable for adoption; therefore collaborative work, brainstorming, sharing of
practice and trials in multiple contexts would expedite the generation of evidence for

effective interventions.

The aim of this study was to assess the impact of the implementation of changes in UK
vascular services through the PAD QIP on revascularisation times and the management
of patients with CLTI in line with the recommendations outlined in the PAD QIF

document.

4.2 Methods

This was an implementation study carried out in England from January 2020 to
December 2022. The PAD QIP took place from May 2020 to May 2022 and formed the
implementation strategy, while the participating NHS Trusts introduced specific
interventions to their vascular service. The study is reported according to the standards
for reporting implementation studies (STARI) checklist?*” and the interventions are
described in detail using the template for intervention description and replication
(TIDieR) checklist?’2. The quantitative outcomes are reported according to the STROBE
statement for observational studies®®®. The implementation strategy and the
programme delivery are described in the methods section, the local interventions and
guantitative evaluation in the results section, while the qualitative evaluation is

reported in the next chapter.

4.2.1 Participating sites

All UK vascular centres were invited to participate in the PAD QIP through a newsletter
disseminated via email to all members of the VSGBI in June 2019. The newsletter called
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for expressions of interest to be involved in the early adoption and implementation of
the PAD QIF, by coming together and discussing current patient pathways and sharing
ideas and good practice to improve timelines to limb salvage and patient outcomes.
Centres were selected based on the following criteria: performance of a sufficient
number of vascular arterial procedures per year (>50); presence of a vascular surgeon
willing to lead the local implementation team; a commitment/willingness to make
changes to the vascular service delivery; and approval by the Clinical Director. Eleven
vascular centres in NHS Trusts applied and were accepted into the programme, as they
satisfied all selection criteria. All participating centres were located in England and their

location is depicted in Figure 15.

The Participating NHS Trusts and their arterial centres were the following:

1. Cambridge University Hospitals NHS Foundation Trust (Addenbrookes’ Hospital)

2. Gloucestershire Hospitals NHS Foundation Trust (Cheltenham General Hospital,
Gloucestershire Royal Hospital)

3. Hull University Teaching Hospitals NHS Trust (Hull Royal Infirmary)

4. Liverpool University Hospitals NHS Foundation Trust (Royal Liverpool University
Hospital)

5. North Bristol NHS Trust (Southmead Hospital)

6. St George's University Hospitals NHS Foundation Trust (St George’s Hospital)

7. The Dudley Group NHS Foundation Trust (Russells Hall Hospital) and Royal
Wolverhampton NHS Trust (New Cross Hospital) — Black Country vascular network

8. University Hospitals Dorset NHS Foundation Trust (Royal Bournemouth Hospital)

9. University Hospitals Birmingham NHS Foundation Trust (Queen Elizabeth Hospital,
Heartlands Hospital)

10. University Hospitals of Leicester NHS Trust (Glenfield Hospitals)

11. York Teaching Hospital NHS Foundation Trust (York Hospital)

The participating NHS Trusts had varying sizes, number of network hospitals, procedure
volume, number of surgeons and interventional radiologists (IR), and geographic
location. Site characteristics (personnel, resources, catchment population) are displayed

in Table 15. Information about the number of network hospitals, vascular surgeons and
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interventional radiologists (Full-time equivalent — FTE) was obtained from the
organisational survey published in the 2022 Annual NVR report!®*, the catchment
population and number of beds from Public Health England dashboards3®* and the
average annual number of lower limb revascularisation procedures from the 2020 NVR

Annual report?3,

Two more NHS Trusts joined the programme in May 2021, Manchester University
Hospitals NHS Foundation Trust and University Hospital of North Midlands NHS Trust,
but as they did not participate for the full duration of the programme, they are not

included in this analysis.

orkshire:
es
National'Parl

National(Park:

Figure 15 — Map of PAD QIP participating centres in red
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Table 15 — Characteristics of PAD QIP participating centres

Active Referring Catchment Arterial Trust beds Vascular Vascular Revascular.
NHS Trust of arterial centre Arterial centre network network centre (per 10,000 Surgeons IR Cons. procedures/

hospitals hospitals population beds people) (FTE) (FTE) year*

Royal Bournemouth

University Hospitals Dorset . 2 3 975,000 723 10 10 6 77
Hospital
York and Scarborough York Hospital 0 6 693,000 700 17 7 5 563
Teaching Hospitals
Royal Li I
Liverpool University Hospitals oya |Yerpoo . 3 4 1,069,000 850 14 12 4 188
University Hospital
Camk?rldge University Adde'nbrookes ) 4 1322000 1,100 16 8 7 558
Hospitals Hospital
St George's University \ .
. St George's Hospital 6 6 1,861,000 860 15 9 6 273
Hospitals
The Dudley Group Russells Hall Hospital 1 2 1,004,000 650 21 8 9 503
U‘n|v<.ar5|ty Hospitals Quee‘n Elizabeth 1 5 1600,000 1215 11 11 4 573
Birmingham Hospital
Gloucestershire Hospitals oucestershire Royal 2 942,000 683 16 6.5 6 102
Hospital
North Bristol Southmead Hospital 0 3 1,685,000 996 17 11 6 336
Hull Uni ity Teachi
ui niversity Teaching Hull Royal Infirmary 0 4 896,000 700 19 7 7.5 361
Hospitals
UrTlver5|ty Hospitals of LelFester Royal 0 5 948,000 890 16 75 55 92
Leicester Infirmary

*Average number of lower limb revascularisation procedures per year is based on 2017-2019 data from the 2020 NVR Annual report. This may not

reflect the true number of procedures in NHS Trusts with low case ascertainment for angioplasty procedures, such as University Hospitals Dorset.
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The target population was patients with CLTI admitted to hospital as emergencies, who
underwent a revascularisation procedure (open, endovascular or hybrid). These patients
had the most severe form of PAD and it was decided to focus on improving their

management.

4.2.2 Context

All the participating centres were located in England, therefore they had common
contextual factors, such as the social, economic and policy background36>3¢, Apart from
the PAD QIF document, there was no other national or international guidance specifying
a specific timeframe for treatment of patients with CLTI3%°, Additionally, there were no
financial incentives or penalties for Trusts to follow the recommendations, such as the

4-hour targets in A&E departments or the 2-week rule for cancer referrals.

However, the most important contextual factor that affected the study was the arrival
of the coronavirus disease (COVID-19), an infectious disease caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). COVID-19 was associated with high
transmission rate, morbidity and mortality and was declared as a pandemic in January
2020 by the World Health Organisation (WHO)3%’. It arrived in the UK in early 2020 and
led to multiple national lockdowns in 2020 and 2021. There was a major disruption to
the delivery of surgical services as well as access to hospital care in general'*. A
subsequent chapter details the effect of the COVID-19 pandemic on UK lower limb

revascularisation procedures38,

4.2.3 Implementation strategy

The PAD-QIP was designed and delivered by the central PAD-QIP team, which | led and
which consisted of 12 clinicians, statisticians, health services researchers, and qualitative
researchers, based at the Clinical Effectiveness Unit of the Royal College of Surgeons of
England and Hull York Medical School. After the 11 participating vascular centres were
selected, the first formal event of the Collaborative was the pre-launch meeting in
October 2019, where the PAD QIP team and representatives from the centres agreed on
the aim and focus of the collaborative, identified common barriers to change and
suggested methods for improvement. Based on these discussions and after a literature

review of QIC projects, Quality Improvement guidance?®
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principles?®’, the protocol for the PAD QIP was developed and shared with the
participating centres in April 2020. The programme planned to launch in May 2020, with
an 18-month implementation period until November 2021, which was subsequently

extended by 6 months (Figure 16). It consisted of four components:

e Qltraining and online resources, including data analysis tools and QI materials;

e collaborative events, in the form of face-to-face meetings and webinars;

e data collection in the National Vascular Registry audit, to understand the size of the
problem and monitor progress; and

e 4-monthly comparative performance reports, to feed back on progress.

The expert team set the outcomes and measurement strategies, provided quality

improvement resources and organised the collaborative activities.

" 2" webinar 4™ webinar 5% webinar
Recruiting | Prelaunch

newsletter| meeting

1% webinar 34 webinar Meeting Final meeting

Jun 2019 |Oct 2019] |Jan 2020 [May 2020|| Oct 2020 || Jan 2021 | |[May 2021| | Sep 2021 || Jan 2022 ||May 2022

\ ) \ J
| | |

Recruitment, set-up Transition period Implementation period

Figure 16 — PAD QIP timeline as implemented

Ql training and online resources

The same set of Ql interventions were not suitable across all participating centres due
to local variation in referral pathways and processes for the management of patients
with CLTI. Therefore, individual centre support was provided to generate change ideas
and test interventions tailored to their local context, using common elements outlined
in a driver diagram (Figure 17). The driver diagram described the primary and secondary
drivers to consider whilst developing the interventions to achieve the desired outcome.

This and other Quality Improvement tools, such as the Model for Improvement and
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process mapping, were introduced to the participants during the introductory webinar

in May 2020.

Online Quality Improvement resources were available on the VSQIP website, including
a guide describing how centres could analyse their own data and monitor their
performance in real time3%°, and QI training materials from reputable sources such as
the Health Foundation, NHS Improvement, and the Institute of Healthcare
Improvement3’?, A webpage was created with information about the programme,
collaborative events and the protocol (https://www.vsqip.org.uk/resources/quality-
improvement/vsgbi-pad-quality-improvement -programme), and a twitter account was
set up to promote the project, raise awareness and serve as a platform of
communication between the central and the local teams (@VSQIP_news). The local
teams were supported to analyse their own data and monitor their progress, by
demonstrating how to download centre-specific data from the NVR during the first
webinar. They could also contact the central PAD QIP team via email or telephone to

submit enquiries or seek support.

Aim Primary Secondary
drivers drivers
( ) f FNT] . )
Early specialist review
Reduce time from L J
referral to diagnosis " Access tonon- |
\ J invasive imaging
( N\ . .
Revascularisation Reduce time from MDT discussion
within 5 days of diagnosis to h -
admission management plan Anaesthetic review &
\ J optimisation
( B [ Vascular theatre
Reduce time from capacity
management plan to h
\ revascularisation ) IR list capacity

Figure 17 — Driver diagram for PAD QIP
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Collaborative events

Meetings were organised by the PAD QIP team every 4 months (Figure 16). Their
purpose was to facilitate the sharing of progress and exchange of ideas between the
participating teams. During these learning sessions, the central team presented
guantitative results on process indicators, while the local teams reported on successes,
barriers to change and lessons learned. These also contributed to maintaining the
momentum, and offered an opportunity to discuss issues that arose and reinforce the
community aspect of the collaborative. Webinars lasted 60-120 minutes, whereas the

in-person and hybrid meetings lasted the whole day.

The introductory webinar in May 2020 was the formal starting point of the PAD QIP,
where final details were discussed regarding the collaborative structure and activities,
and from which time point change in practice was measured. Presented at this webinar
were the four components of the programme, individual centre baseline performance
figures against the process measures from 2018 and 2019, a guide to analysing their own
data to monitor progress and outcomes, and an introduction to the use of Ql tools.
Additionally, the impact of COVID-19 on vascular services was explored through a real-
time online questionnaire that the attendees answered. All attendees stated that they
continued to operate on CLTI patients and were running CLTI clinics. The following

requests were made of the participating teams after the webinar:

e Produce a description of their patient pathway from emergency admission under
vascular services to revascularisation using process mapping, and identify priority
areas to implement changes. Process mapping allowed teams to assess their current
practice and decide what changes to implement in their local context. Development
of the interventions by the local teams increases engagement, as the teams take

ownership of the proposed changes and try harder to adhere to them?*>.

e Recruit team members. Centre leads were asked to form a multidisciplinary local
implementation team, consisting of vascular surgeons, interventional radiologists,
anaesthetists, vascular scientists, vascular specialist nurses and service co-

ordinators, and nominate a contact person that would communicate with the PAD
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QIP team. Involvement of trainee doctors and patients with the project was

encouraged.

e Engage with stakeholders in their organisation and gain support from the senior
team in their department, division or Trust. The engagement and support of senior
leaders in the participating organisations is a key condition for a Ql collaborative to
be successful?®. The centres were therefore advised to discuss the collaborative
with the divisional operations managers and underline the link with the GIRFT
recommendations, so that the level of support could be formally agreed and

documented.
e Register the project with the Audit Department in their hospital.

e Hold meetings to raise awareness of the project in their department and discuss the

aims, baseline data, local challenges and ideas for improvement.

The webinar was also an opportunity to collect information from the participating teams
on their implementation plans. Using a real-time online questionnaire, the participants
were asked about the level of leadership they were planning to approach to seek
support for the project. Representatives from five units planned to approach divisional
directors, one to discuss at Trust Board level and five to have inter-departmental
discussions only. Regarding the start of the implementation phase, two mentioned they
were ready to start immediately, and six within 3-months. In a question about further
training on the Ql tools mentioned in the webinar, twelve participants answered that
they would be keen for further training through online resources, four through another
webinar, and two did not wish to have further training. Regarding further webinars,

most felt that 1-hour webinars would be enough.

The subsequent webinars and the meeting in September 2021 included presentations
by the PAD QIP leads of the 11 participating centres about the changes they had
implemented and their overall progress, and presentation of graphs with the 3-monthly

progress of each centre and the overall cohort by the central team (Table 16).
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Table 16 — Details of collaborative meetings

Date Platform Duration Topics discussed

Online Impact of COVID-19 on vascular services
May 2020 . 60 mins PAD QIP protocol & Ql tools
(GoToWebinar) .
Data on baseline performance

. Graphs of 3-monthly outcomes
Online .
Oct 2020 60 mins Proposal for new Ql database
(MS Teams) . . .
Presentations of local implementation plans

. Graphs of 3-monthly outcomes
Online . . . .
Jan 2021 (MS Teams) 80 mins Presentations of local implementation progress
Management of CLTI during COVID-19

Online Graphs of 3-monthly outcomes
May 2021 (MS Teams) 90 mins Presentation from Birmingham team
Presentations of local implementation progress

Graphs of 3-monthly outcomes, Group discussions

In-person Presentations of local implementation progress
Sep 2021 RCS England 6 hours . P Prog
Talks on the National Wound Care strategy
London .
programme and on Sustaining Ql changes
Online Graphs of 3-monthly outcomes

Jan 2022 90 mins REDCap database demonstration
(MS Teams) ) . C
Primary care referrals in participating centres

Presentation of final quantitative-qualitative data

In-person . .
E for eff faQl
May 2022 RCS England 6 hours vidence for e' ectl\{eness ofQ Cs.,
Round table discussions on experience of PAD QIP
Manchester

Talk on sustainability and next steps

Data collection system

Patient-level data on procedures performed at the participating centres were
prospectively collected in the National Vascular Registry (NVR)3’1. The NVR collects
information on major vascular procedures performed in NHS hospitals, including open
and endovascular lower limb revascularisation procedures, and is commissioned by the

Healthcare Quality Improvement Partnership (HQIP).

Key data items collected in the NVR were patient characteristics (age, gender, presence
of diabetes mellitus, ischaemic heart disease, chronic respiratory disease, chronic kidney
disease, smoking status, presenting problem, Fontaine score) and admission details

(admission date, mode of admission, procedure date, procedure type, discharge date,
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discharge status, further unplanned lower limb surgery, complications). The date of
referral to the vascular service was only collected for open but not endovascular
revascularisation procedures, therefore, the date of admission was selected as the
starting time point of the patient pathway. Local teams were asked to ensure that their
data were submitted to the NVR in a prospective manner for the duration of the
programme. Data completeness was derived by comparing the number of procedures
submitted in the NVR with those recorded in Hospital Episode Statistics (HES), an

administrative database of all procedures performed in NHS Trusts in England.

Performance reports

Four-monthly cumulative performance data for each participating centre and the whole
cohort were analysed and shared with centre leads in the form of run charts and a
comparative dashboard prior to each collaborative meeting. The dashboard included
information on the proportion of patients with CLTI undergoing open or endovascular
revascularisation within 5 days from emergency admission and on time-to-
revascularisation. The baseline performance of the participating Trusts for these
outcomes was also provided and was estimated using NVR data from 1t January to 31
December 2019. The frequent reporting aimed to provide feedback to the local teams
in the participating centres on their improvement efforts and illustrate how their unit’s
performance compared against peers. The teams were also able to analyse their own

data and monitor their progress using a guide provided by the NVR team.

Programme theory

The programme theory or Theory of Change of the PAD QIP describes how and why its
components are expected to lead to the intended outcomes by outlining the
assumptions about the mechanisms that link the inputs with its activities and
outcomes?®®. The theory of change supporting QICs is that by benchmarking and working
together, teams are motivated to make changes which improve services and patient
outcomes, spread innovations, and create long-term learning networks, based on the
285,299,302_

Partnership Synergy Theory and the Diffusion of Innovations theory

Additionally, participants can learn from experts, develop inter-organisational
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relationships and gain experience in Ql processes that can be used in subsequent

projects.

The relationships between the required inputs, planned activities, expected outputs and
desired outcomes are depicted graphically in the form of a Logic Model, which was
intended for use during the planning, implementation and evaluation phase3’? (Figure
18). It can be articulated in a series of if-then statements, e.g. if the material and staff
resources, time, committed people and leadership support are available, then they will
collect data, monitor performance, identify causes of delays and areas for improvement,
act on feedback, and share good practice, some effect will be generated, which will then
lead to anincrease in the proportion of patients treated within five days from admission,
which is expected to then reduce the time from admission to treatment, the length of

stay, readmissions and amputation rates in the long term.

INPUTS

ACTIVITIES

OUTPUTS

OUTCOMES

Resources (Clinic,

Collect data, monitor

Make changes to
vascular services

Reduced time
from admission to

imaging, theatre performance and act

slots) on feedback Increase % of treatment
Time Share good practice patients treated Reduced length of
Healthcare teams and discuss problems| | within 5 days from || stay

and solutions admission Reduced

Leadership support .
P SupPp Identify causes of readmissions
delays and areas for

improvement

Reduced
amputation rates

Figure 18 — Logic model for PAD QIP

4.2.4 Evaluation

Firstly, a controlled interrupted time series study was undertaken at the end of the
implementation period to evaluate the outcomes of the participating centres compared
to their baseline and using vascular units in the UK not participating in the collaborative

as controls, and is described in detail in the next section373-37>,

Secondly, a qualitative documentary analysis of materials produced during the study
was performed to obtain information on interventions implemented in each centre.
These included slides presented by centre representatives during the webinars; video
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recordings of webinars; notes from in-person meetings; participant feedback from the
webinars and meetings; and online questionnaire results from the 1%t webinar regarding
services during COVID, audit of current practice for CLTI patients, leadership
engagement for QIP, Ql training, capacity for additional data collection, and future

webinar organisation.

Thirdly, each centre’s engagement with the programme and adherence to the
implementation strategy were assessed by measuring the number of participants
attending collaborative meetings, the number of implemented service changes and the
completeness of data collection for each participating centre, as the proportion of

eligible procedures entered in the data collection system based on NVR data.

Finally, a mixed methods study consisting of semi-structured interviews and an online
survey with clinicians from the participating centres was performed. That study is

presented in chapter 5 of this thesis.
4.2.5 Statistical analysis

All lower limb revascularisation procedures for CLTI performed in NHS Trusts in the UK
during emergency hospital admissions from 1%t January 2019 to 30™ April 2022 were
extracted from the NVR. NHS Trusts that did not participate in the programme
comprised the control group. The period from 1° January to 315 December 2019 was
considered the baseline period (baseline), while that from 1% June 2020 to 30™ April
2022 was the implementation period. The period from 1% January to 31%t May 2020 was
considered a transition period and was excluded from the analysis. Also excluded were
data from the two centres that joined the programme in May 2021 and from non-arterial
centres, day-case procedures and procedures with admission-to-revascularisation time
longer than 30 days, as these patients were likely to be unsuitable for an operation on
admission. Records with missing data on important variables (age, comorbidities,
discharge date) were also excluded, and a complete case analysis was performed. The
first revascularisation procedure of the hospital admission was considered the index

procedure and was used to calculate the admission-to-revascularisation time.
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The primary outcome measure was the proportion of patients admitted as emergencies
with CLTI who underwent revascularisation within 5 days from admission. Secondary
outcomes were the time from admission to revascularisation, overall length of stay
(LOS), postoperative LOS, and in-hospital mortality. Balancing measures included the
cardiac, respiratory, renal, and limb complication rates, re-intervention rate, and 30-day
readmission rate. Balancing measures are used in Ql programmes to monitor for
unintended consequences in other parts of the system not directly related to the
intended goal of improvement3’¢, The time from admission to revascularisation, overall
LOS and postoperative LOS were measured in days and explored as continuous
variables. The median and IQR statistics were used to summarise their distributions and

the difference in medians between groups was examined using quantile regression.

Patient characteristics included in the analysis were gender (man/woman), age (<60
years, 60-69, 70-79, 280 years), smoking status, presence of comorbidities (diabetes
mellitus, ischaemic heart disease, chronic lung disease, and chronic kidney disease),
Fontaine score on admission (lll-rest pain or IV- tissue loss), type of index
revascularisation procedure (open, endovascular or hybrid) and level of intervention
(supra-inguinal, femoral, popliteal, crural). Categorical variables of patients’
demographic characteristics were summarised as frequencies and proportions, and

differences between groups were examined using the chi squared test.

Outcomes in the PAD QIP centres during the implementation period were compared to
their baseline period and the control group using interrupted time series and difference-
in-difference (DID) analysis3”’. In this analysis, both the group in which each centre
belonged (PAD QIP group vs. control group) and the time period (baseline vs.
implementation) were taken into account. Therefore, it was possible to control for
secular trends and the effect of external factors such as the COVID-19 pandemic. Time-
to-revascularisation, LOS and postoperative LOS were modelled by fitting separate
negative binomial regression models, which were preferred to Poisson as they allowed
for overdispersion3’837°, The rate of revascularisations within 5-days, 30-day
readmissions, re-interventions, and complications was modelled using separate Poisson
regression models with robust standard errors. These were preferred to logistic
regression, because the odds ratios deriving from logistic regression overestimate the
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risk ratio for common outcomes (>10%)3!. Logistic regression was used to model in-
hospital mortality. The change in the primary outcome over time was illustrated using a
Shewhart SPC chart, with the upper and lower control limits calculated at 3 standard

deviations from the mean380381,

A sensitivity analysis was performed to compare the centres’ performance between
2019 and 2021, considering the period from 1% January to 315t December 2020 as the
transition period. Subgroup analysis was also performed for the outcome referral-to-
revascularisation for the patients that referral date was captured. All analyses were
undertaken in STATA 17.0 (StataCorp, College Station, Texas, USA). P-values <0.05 were

considered statistically significant.
4.2.6 Ethical considerations

This implementation study was designed as a service evaluation and therefore ethics
committee approval was not required for participation in the collaborative or the
implementation of changes at local level. Verbal consent was gained from the
participants for video recording of the collaborative webinars and meetings for the
purposes of the study and not for public dissemination. The mixed-methods evaluation
study of the survey and clinician interviews received Ethics Approval by the Hull York

Medical School Ethics committee (Ref. number 21 35, approval date 23/06/2021).

Patient consent for data collection in the NVR is sought prior to elective procedures by
the treating clinicians. The NVR also has approval from the Confidentiality Advisory
Board to process healthcare information for emergency procedures without patient
consent, under section 251 (reference number: CAG 5-07(f)/2013). Additionally, patient-
level data collection in the NVR is legally permitted under articles 6(1)(e) and 9(2)(i) of
the UK General Data Protection Regulation (GDPR) as “data needed to carry out a task
in the public interest to ensure high standards of quality and safety of healthcare”, as
well as under Schedule 1(1)(3) ‘public health’ of the UK Data Protection Act 2018. The
data were de-identified and no patient identifiers were available after data were
extracted for analysis. Ethics committee approval was not required for the secondary

analysis of existing pseudo-anonymised data in this study.
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4.3 Results

4.3.1 Programme delivery

The programme was mostly delivered as it was initially designed, including the
programme components, the performance indicators, and the measurement strategies.
However, a number of adaptations were made to address the restrictions posed by the
COVID-19 pandemic. Firstly, the duration of the programme was extended for 6 months,
with the implementation period ending on 30™ April 2022 instead of 30™ November
2021 (Figure 16). Additionally, the majority of the collaborative meetings were held
online via webinars and teleconferences instead of in-person due to the restrictions
imposed by the British government to limit the spread of the disease. Therefore, only
two in-person meetings were organised in September 2021 and May 2022, with five
more events held online. Finally, two site visits to each participating centre were initially
planned, one at the beginning and one at the end of the implementation period, to allow
data collection for the process evaluation and assessment of how the programme was
implemented in each Trust. These site visits were cancelled, as there were travel
restrictions in place and limited access to hospitals, due to the risk of spreading the

COVID-19 disease.
4.3.2 Programme adherence and local interventions

The local implementation teams consisted of vascular surgeons, interventional
radiologists, vascular specialist nurses, quality improvement specialists and service
managers. After local teams were formed, they explored the patient pathway in their
centre, audited their practice and identified areas where improvements could be made.
They provided updates on the changes they had implemented during collaborative
events. The number of attendees from each centre at the collaborative events varied

from zero to six (Table 17).

Based on the documentary review of materials from the programme, most centres
focused on expediting vascular review following referral by securing dedicated CLTI slots
in existing clinics or by setting up urgent CLTI clinics with imaging capacity, such as

Duplex or CTA slots, so that patients could be investigated fully in one visit. Another
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intervention adopted by six centres was the allocation of one individual responsible for
triaging the incoming referrals daily, so that patients referred with CLTI could be
recognised and prioritised for urgent clinic review. A further six centres employed acute
care coordinators or other administrative staff to keep track of patients throughout their
journey and to ensure timely review of results, MDT discussion, and intervention if
appropriate. The changes implemented in the PAD QIP participating centres are
summarised in Table 18 and Table 19. Adherence to the programme for each centre in
terms of participation in collaborative events, implementation of changes, and

completeness of data collection is shown in Table 20.

The participating vascular departments did not receive additional funding from their
NHS Trust, and there was no commitment from the organisational leadership to allow

staff time to participate in the programme or allocate project management resources.

Table 17 — Number of attendees from each centre at the collaborative events, in

descending order of attendance

A T

] © © ] c g ] £ o =
Centre s S £ £ 33 £ 3% B

] ] ] ] S o ] s & Ll

= S S = w 3 =
Black Country 1 4 2 3 2 3 1 16
Leicester 6 1 3 2 0 2 1 15
Hull 4 3 2 2 1 1 1 14
Dorset 4 1 2 2 2 2 0 13
Cambridge 1 2 2 2 3 1 1 12
Birmingham 1 2 2 2 1 1 0 9
York 1 1 0 2 2 1 2 9
Gloucester 2 0 1 2 0 0 2 7
St Georges 0 2 1 1 2 0 0 6
North Bristol 0 4 1 1 0 0 0 6
Liverpool 1 1 0 1 0 0 0 3
Total 21 21 16 23 17 14 11 123
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Table 18 — PAD QIP Centres and the local interventions implemented in each one, in

order of increasing number of interventions

Centre Interventions

Dorset CLTI clinic 5/week with Duplex and CTA

Daily triage of referrals

Cambridge CLTI clinic 4/week with Duplex

CLTI clinic x3/week with Duplex and CTA
Gloucester .

CLTI coordinator
St Georges CLTI clinic with Duplex and CTA

Dedicated vascular IR sessions

Daily triage of referrals
Liverpool Hot slots in all clinics (CLTI clinic 08/20-04/21 — stopped)
CLTI coordinator

Daily triage of referrals

Hot slots in all clinics

Dedicated vascular IR sessions

Daily anaesthetic inpatient assessment

Birmingham

Rapid access system (RAS) for GP referrals
Availability of arterial duplex in vascular clinic
Fast-tracked CTA/MRA booking

CLTI coordinator

Black Country

Daily triage of referrals

CLTI clinic 5/week with Duplex and CTA
Daily MDT

Admin support

North Bristol

Triage by Consultants and Podiatry
Hot slots in all clinics

Virtual ward for outpatients

Daily urgent vascular theatre list

York

Daily referral triage by Consultant of the Week
CLTI clinic 3/week with Duplex + CTA
Hull Daily MDT
Daily urgent vascular theatre list
Acute care coordinator

Open-door policy for referrals

Dedicated CLTI clinic with Duplex
Leicester Daily MDT

Dedicated vascular IR slots

CLTI coordinator
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Table 19 — Common interventions and centres that implemented them
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Dorset 4

Cambridge v v

Gloucester v v

St Georges v v

Liverpool v v g

Birmingham v v

Expedited
Black Country RAS v CTpA/ MRA
North Bristol v v
Virtual
York v ward
Hull
) Open
Leicester P v
door

RAS=Rapid Access System

Table 20 — Adherence of participating centres to the PAD QIP components

Centre No. of rT\eeting . No. of % of eligible Rrocedures
participants interventions collected in NVR

Dorset 13 1 <70%
Cambridge 12 2 <70%
Gloucester 7 2 <70%

St Georges 6 2 270%
Liverpool 3 3 >70%
Birmingham 9 4 >70%
Black 16 4 <70%
Country

North Bristol 6 4 270%

York 9 4 >70%

Hull 14 5 >70%
Leicester 15 5 <70%
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4.3.3 Quantitative results

Of the 12,592 patients with CLTI admitted as emergencies for revascularisation in the
UK during the study period, 2,984 were excluded from the analysis for the following

reasons:

- 727 were in two centres that joined the programme late

- 235 were from non-arterial centres

- 1,382 were performed during the transition period

- 114 were performed as day-cases

- 158 revascularisations occurred more than 30 days after admission

- 367 had missing data on variables of interest (age, diabetes status, discharge date).

Therefore, 9,608 patients with CLTI admitted as emergencies for revascularisation were
included in this analysis. Of these, 2,966 (30.9%) were in PAD QIP centres and 1,929

(20.1%) were during the implementation period.

Table 21 summarises the patient characteristics by group and time-period of admission.
There were significant differences between the PAD QIP and control groups for age,
presence of diabetes and ischaemic heart disease (IHD), smoking status, Fontaine score,
type of procedure, and level of intervention. The proportion of hybrid procedures
increased significantly during the implementation period compared to the baseline in
both PAD QIP (14.7% during vs 9.3% before, p<0.001) and control centres (14.4% vs
8.9%, p<0.001). There was also a significant proportional increase in procedures
performed in current smokers during the implementation period compared to the
baseline in all centres, while a significant decrease in patients with IHD during
implementation was observed in control centres. When the PAD QIP centres were
compared to the control centres during both periods, the PAD QIP centres had
significantly higher proportion of procedures performed by endovascular approach
(58.1% vs 44.9%, p<0.001) and in crural vessels (44.7% vs 36.1%, p<0.001). Similarly, PAD
QIP centres treated significantly higher proportion of patients with diabetes (59.6% vs
57.1%, p=0.023) and with tissue loss (82.4% vs 79.0%, p<0.001) compared to the control
group in both baseline and implementation periods, while the control centres treated
more current smokers (34.8% vs 31.5%, p=0.002).
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Table 21 — Patient characteristics by group and time-period of admission

PAD QIP Control Differe
Baseline  Implement. Baseline Implement. e
(n=1,037) (n=1,929)  (n=2,214)  (n=4,428)

Age group * ¥
< 60 156 (15.0) 323 (16.7) 317(14.3)  762(17.2)
60-69 272 (26.2) 512 (26.5) 628(28.4) 1,247 (28.2)
70-79 336 (32.4) 629 (32.6) 760 (34.3) 1,448(32.7)
>80 273(26.3)  465(24.1) 509 (23.0)  971(21.9)
Men 736 (71.0) 1,367 (70.9) 1,546 (69.8) 3,094 (69.9)
Diabetes 634 (61.1) 1,133 (58.7) 1,250(56.5) 2,542 (57.4) 1
Ischaemic heart disease 371 (35.8) 702 (36.4) 824 (37.2) 1,492(33.7) *
Chronic lung disease 220 (21.2) 433 (22.5) 501 (22.6) 986 (22.3)
CKD 203 (19.6) 376(19.5) 439(19.8) 798 (18.0)
Current smoker 301 (29.0) 634 (32.9) 734(33.2) 1,577(35.6) 8§8*#%
Fontaine score i
Rest pain 194 (18.7)  327(17.0) 458(20.7) 937 (21.2)
Tissue loss 843 (81.3) 1,602 (83.1) 1,756(79.3) 3,491 (78.8)
Procedure type §*¢t
Endovascular 645 (62.2) 1,079 (55.9) 1,051 (47.5) 1,930 (43.6)
Open 296 (28.5) 566 (29.3) 965 (43.6) 1,862 (42.1)
Hybrid 96 (9.3) 284 (14.7) 198 (8.9) 636 (14.4)
Level of intervention (distal)* ¥
lliac/Femoral 339(33.1) 617(32.7) 794(36.2) 1,578(36.2)
Popliteal 244 (23.9) 410(21.7) 618(28.2) 1,196 (27.4)
Crural 440 (43.0) 859 (45.6) 782 (35.6) 1,584 (36.4)

T 128 procedures were related to grafts and 19 had missing level of intervention

8 indicates statistically significant difference between baseline and implementation

periods at PAD QIP centres

* indicates statistically significant difference between baseline and implementation

periods at control centres

T indicates statistically significant differences between PAD QIP and control centres

throughout the whole study period (baseline and implementation periods combined)
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Change in proportion of patients revascularised within 5 days

The outcomes of patients treated in the PAD QIP and the control centres at baseline and
during the implementation period are summarised in Table 22. There was a significant
increase in the proportion of patients revascularised within 5-days during the
implementation compared to the baseline in PAD QIP centres (63.8% vs 56.9%), which
was also observed in the control group (53.1% vs 48.6%). This represents a relative
change of 1.12 (95% Cl 1.05-1.19) in PAD QIP centres, compared to 1.09 (95% ClI 1.04-
1.15) in the control group. When the improvement in PAD QIP centres was compared
with the control centres, the increase observed in PAD QIP centres was not statistically
significantly higher (IRR 1.03, 95% Cl 0.95-1.11) (Table 23). Therefore the PAD QIP
centres improved, but not significantly more than the national trend. Despite the lack of
significant improvement, the PAD QIP centres revascularised significantly higher
proportion of patients within 5-days during both periods. The change in the proportion

of patients revascularised within 5-days over time is depicted in Figure 19.

Change in time-to-revascularisation and LOS

The PAD-QIP centres decreased the time-to-revascularisation from 5 to 4 days (p<0.001)
(Table 22). Again, this decrease was not statistically significantly higher than that
observed in control centres (IRR 0.96, 95% Cl 0.89-1.04) (Table 23). There was also a
statistically significant reduction in LOS (from 13 to 11 days, p<0.001) and postoperative
LOS (from 7 to 6 days, p<0.001) among participating centres during the implementation
period compared to their baseline. This reduction was significantly greater than the
trend observed in the control centres, where both LOS and postop LOS were unchanged

(15 days and 8 days, respectively) (Tables 22 and 23).

Change in complications

There was a significant increase in occurrence of limb ischaemia post-revascularisation
in PAD QIP centres in the implementation period compared to the baseline (5.2% vs
3.6%, p=0.044), which was not statistically significantly higher than that found in other
UK centres (IRR 1.40, 95% CI 0.92-2.13). Other complication rates were unchanged in
PAD QIP centres, while the control centres had increased respiratory complications in

the implementation period compared to their baseline (4.5 vs 3.2%, p=0.015)(Table 22).
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Table 22 — Outcomes by group (PAD QIP vs. control) and time-period of admission

(baseline vs. implementation period)

PAD QIP Control
Differe
Baseline Implement. Baseline Implement. ,ce

(n=1,037) (n=1,929) (n=2,214) (n=4,428)

Time-to-
revascularisation

Length of stay (LOS) 13(7-24) 11(6-20) 15(9-27) 15(8-25) §%

5(2-8) 4(2-7) 6(3-9) 5(2-8) §* ¥

Postoperative LOS 7(3-15) 6(3-13) 8(4-17) 8(4-17) §%
::;’:scu'a"se" N5 590(56.9) 1,231(63.8) 1,076 (48.6) 2,352(53.1) §* ¢

Complications

Cardiac 23(2.2) 35 (1.9) 74 (3.4) 114 (2.6) 1

Respiratory 27 (2.6) 40 (2.1) 71 (3.2) 197 (4.5) *%
Renal 15 (1.5) 22 (1.2) 35 (1.6) 57 (1.3)

Limb ischaemia 37 (3.6) 98 (5.2) 139 (6.3) 289 (6.6) §%

Re-interventions
(during index admission)

Open surgical 32(3.1) 70(3.7) 79 (3.6) 171 (3.9)
Endovascular 51 (4.9) 98 (5.1) 97 (4.4) 217 (4.9)
Minor amputation 79 (7.6) 93 (4.9) 172 (7.8) 371 (8.4) §F
Major amputation 43 (4.2) 94 (5.0) 117 (5.3) 252 (5.7)
:Omgz‘t’am’:r 55(5.3)  107(5.6)  121(5.5) 255 (5.8)
Mortality 40 (3.9) 76 (3.9) 87 (3.9) 182 (4.1)

30-day readmission 164 (16.4) 228(12.5) 352(16.8) 717 (17.1) §%

Time-to-revascularisation and LOS are presented as median (interquartile range) in

days. Other outcomes are presented as n (%)

8 indicates statistically significant difference between baseline and implementation

periods at PAD QIP centres

* indicates statistically significant difference between baseline and implementation
periods at control centres

T indicates statistically significant differences between PAD QIP and control centres

throughout the whole study period (baseline and implementation periods combined)
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Table 23 — Association of implementation group, time-period of admission and their

combination with outcomes

PAD QIP centres Implementation PADQIP #
(vs. control) (vs. baseline) Implementation

% revasc. in 5-days 1.17 (1.09-1.25) 1.09 (1.04-1.15) 1.03 (0.95-1.11)

Time-to-
revascularisation

Length of stay (LOS)  0.90 (0.85-0.95) 0.95 (0.91-0.98) 0.92 (0.86-0.98)

0.87 (0.81-0.92) 0.92 (0.88-0.96) 0.96 (0.89-1.04)

Postoperative LOS 0.91 (0.85-0.98) 0.96 (0.92-1.01) 0.91 (0.84-0.99)
Mortality 0.98 (0.67-1.44)  1.05 (0.81-1.36) 0.98 (0.61-1.56)
30-day readmission  0.98 (0.83-1.16) 1.02 (0.91-1.14) 0.74 (0.60-0.93)
Limb ischaemia 0.57 (0.40-0.81) 1.04 (0.86-1.27) 1.40 (0.92-2.13)

Minor amputation  0.98 (0.76-1.26)  1.08 (0.91-1.28)  0.60 (0.43-0.84)

Outcomes are presented as incidence rate ratios (95% confidence intervals), apart

from mortality, which is presented as odds ratio.

% revascularised in 5 days
(&)
(@]
1

PAD QIP mean Control mean
——O—— PAD QIP baseline ——@—— PAD QIP implementation
——O—— Control baseline ——@—— Control implementation

Figure 19 — Statistical process control chart depicting the percentage of patients with
CLTI revascularised within 5-days from emergency admission in the PAD QIP and the

control centres in baseline and implementation periods.
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Change in re-interventions and 30-day readmission rate

There was a statistically significant reduction in subsequent minor amputations (4.9%
vs. 7.6%, p=0.003) and 30-day readmission rate (12.5% vs 16.4%, p=0.004) during the
implementation period compared to the baseline in PAD QIP centres (Table 22). The
change was statistically significantly greater than in the control centres, where a slight
increase in these metrics was observed (Table 23). There was no difference in
postoperative mortality and 30-day major amputation rate between baseline and

implementation period in either of the groups.
Individual centre performance

Examining each PAD QIP participating centre individually, two achieved a significant
increase in the proportion of patients revascularised within 5-days compared to their
baseline, with Birmingham improving by 43% and Liverpool by 54% (Table 24). The
improvement in Birmingham remained significant even after comparison with the
temporal trend observed in the control centres (Table 24). Seven more centres also
improved, but this was not statistically significant when compared to their baseline.
Overall, there was a wide variation in the primary outcome during the baseline and
implementation periods across participating centres, with the proportion of patients
revascularised in 5-days varying from 26.0% to 73.1% at baseline and from 40.2% to

75.5% during the implementation period.

Figure 20 depicts the ranking of PAD QIP centres for the 5-day revascularisation target
compared to all UK centres during the baseline and implementation periods. Six centres
improved their ranking, one remained in the same position, and four had a lower ranking
among UK arterial centres. One centre in particular moved up by 26 places (site 1,

Birmingham, from 44 to 18t™).
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Table 24 — Individual centre 5-day revascularisation rates in the PAD QIP and control

groups, in descending order of improvement

% revascularised in

Relative change
5-days

adjusted for
control group

Procedure volume Relative change

. . from baseline
Baselinelmplement. Baseline Implement.

Control 2,214 4,428 48.6 53.1 1.09 (1.04-1.15) -

PAD QIP 1,037 1,929 56.9 63.8 1.12 (1.05-1.19) 1.03(0.95-1.11)
Birmingham 231 426 45.9 65.7  1.43(1.23-1.67)* 1.31(1.11-1.54)*
Liverpool 73 239 26.0 402 1.54(1.02-2.34)* 1.41(0.93-2.15)
St Georges 81 115 53.1 67.0 1.26 (0.99-1.61) 1.15 (0.90-1.48)
Leicester 42 203 54.8 64.0 1.17 (0.87-1.57) 1.07 (0.79-1.44)
N. Bristol 124 188 62.1 68.1 1.10(0.93-1.30) 1.00 (0.84-1.20)
Cambridge 89 59 50.6 54.2 1.07 (0.78-1.47) 0.98 (0.72-1.35)
York 104 212 73.1 75.5 1.03 (0.90-1.19) 0.94 (0.81-1.10)
Black Country 156 182 68.6 69.2 1.01(0.87-1.17) 0.92 (0.79-1.08)
Gloucester 31 79 67.7 68.4 1.01(0.76-1.34) 0.92 (0.69-1.23)
Hull 93 205 68.8 67.3 0.98 (0.83-1.16) 0.90 (0.75-1.07)
Dorset 13 21 69.2 47.6 0.69 (0.38-1.24) 0.63 (0.35-1.12)

The relative change in the percentage of patients revascularised within 5-days is

presented as incidence rate ratio (IRR). Values in parentheses are 95% confidence

intervals.

The asterisk indicates statistically significant difference (p<0.05).
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Figure 20 — Ranking of PAD QIP centres (bars) compared to all centres in the UK (light
blue area) by the percentage of patients revascularised within 5-days from admission

in the baseline (top graph) and implementation (bottom graph) periods.

Sensitivity analysis without 2020

A sensitivity analysis examined the association of the time period and implementation
group with outcomes when the baseline period of 2019 was compared to the period
from January 2021 to April 2022, excluding January-December 2020 as a transition
period. This analysis included 7,744 admission records, 2,374 in PAD QIP centres (30.7%)
and 5,370 in the control centres (69.3%). The outcomes remained mostly unchanged
(Table 25). During the implementation period, 62.7% of patients were revascularised in
5-days in PAD QIP centres and 51.8% in control centres. The difference between PAD
QIP and control centres was maintained across all outcomes, but the improvement

during the implementation period compared to the baseline was less prominent.
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Table 25 — Association of implementation group (PAD QIP vs. control), time period and

their combination with outcomes, excluding the period January-December 2020

PAD QIP centres
(vs. control)

Implementation
(vs. baseline)

PADQIP #
Implementation

% revasc. in 5-days

Time-to-
revascularisation

1.17 (1.09-1.25)

0.87 (0.81-0.92)

1.07 (1.01-1.13)

0.94 (0.90-0.98)

1.03 (0.95-1.13)

0.98 (0.90-1.06)

Length of stay 0.90 (0.85-0.95) 0.97 (0.93-1.01) 0.91 (0.84-0.97)
Postop. LOS 0.91 (0.85-0.98) 0.99 (0.94-1.04) 0.88 (0.80-0.97)
Mortality 0.98 (0.67-1.44) 1.01 (0.76-1.33) 0.98 (0.59-1.63)

Time-to-revascularisation and length of stay (LOS) are presented as median

(interquartile range) in days

Referral to revascularisation

A subgroup analysis assessed whether the outcome referral-to-revascularisation time in
days changed during the programme. Only procedures in the “Bypass” dataset were
considered, as the referral date was not captured in the “Angioplasty dataset”.
Procedures with a referral-to-revascularisation time longer than 180 days were excluded
(n=52). Of the 4,429 remaining procedures, 338 were performed in PAD QIP centres
before and 737 during the implementation period, while 1,092 were performed in
control centres before and 2,262 during the implementation period. Median referral-to-

procedure time was 7 days (IQR 4-12).

The PAD QIP centres tended to have significantly shorter referral-to-procedure time (IRR
0.85, 95% Cl 0.80-0.90) compared to the control group, but they did not make an
improvement during the implementation period compared to their baseline (IRR 1.12,
95% Cl 0.99-1.26). The findings were similar when the referral-to-procedure time was
examined as a binary variable (<5 days, >5 days), with PAD QIP centres being significantly
more likely to achieve the 5-day target compared to control centres (IRR 1.18, 95% ClI
1.09-1.28) but no improvement was observed compared to their baseline (IRR 0.97, 95%

C10.84-1.12).
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4.4 Discussion

The PAD QIP aimed to evaluate the implementation and clinical effectiveness of the 5-
day admission-to-revascularisation target in patients with CLTI. The programme was
successfully delivered, with the COVID-19 pandemic necessitating some adaptations.
The participating centres implemented various interventions in an attempt to reduce
delays to revascularisation and were successful in increasing the proportion of patients
revascularised within 5-days. The extent to which this was due to the QIC is unclear,
because a similar improvement on this metric was observed in the rest of the UK arterial
centres, and it might be that both PAD QIP and control centres were responding to the
best practice guidance published by the VSGBI. PAD QIP centres also reduced the length
of hospital stay and readmission rate during the implementation period, while the other
UK centres did not achieve a reduction in these metrics. These are notable findings
considering the current bed crisis in NHS hospitals, and may contribute to financial gains,

increased capacity, and falling waiting lists for NHS Trusts.

The design of the programme was based on a systematic review of Ql Collaboratives,
and findings from the AAA QIP and CholeQuIC programmes?®>339382 For example, the
PAD QIP was supported by professional societies, such as the VSGBI and BSIR, the
interventions were adaptable to the local context of each vascular centre, and
performance data were shared with the teams regularly to help them benchmark and
obtain organisational resources, all of which were highlighted as factors facilitating
change in previous surgical QICs3623827385 However, the QIC could not be delivered as
planned. It was not possible to hold regional events, which encourage engagement of
local commissioning groups and opinion leaders, due to the social distancing measures
that were in place during the COVID-19 pandemic3. Site visits were cancelled for the
same reason, despite the favourable opinion on them in other programmes322,
Additionally, even though the creation of a team with at least 3 members in each unit
was recommended, this did not occur in some of the centres. Indeed, the participating
centres had different levels of engagement with the programme. Only three centres had
team members attending all collaborative events, while four centres did not have
representation in three or more of the seven collaborative events. One site had limited

engagement, with no new interventions implemented and incomplete local data, as
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endovascular procedures were not collected. Based on these observations, future
iterations of the programme should endeavour to include site visits and more in-person
events, support from a quality improvement expert, closer engagement and support by

Trust leadership, and dedicated time for Ql in clinician job plans.

Additionally, the PAD QIP participating centres implemented interventions at a different
pace. Some had urgent CLTI clinics in place prior to the programme, such as Dorset,
North Bristol, and Leicester. The Leicester team in particular had set up a Vascular Limb
Salvage (ValS) service with positive outcomes prior to their participation, so their main
role in the collaborative was to share their experience and support others with the same
goal®**2. Others implemented changes in the first 3 months, as indicated by their
presentations in the second webinar, while a minority only adopted interventions in the
second year of the programme. Some interventions were adopted by multiple centres,
such as the introduction of urgent CLTI clinics or dedicated CLTI slots in existing clinics,
daily triage of referrals, and employment of coordinators that ensured patients moved
expeditiously along the set pathway. These changes were successfully introduced in the
different contexts of the participating centres, indicating their adaptability and likely

generalisability to other UK centres.

The improvement in the 5-day target observed in both PAD QIP and control centres
might reflect the best practice guidance published by the VSGBI and the COVID-19
pandemic. National guidelines with specific waiting time targets had already been in
place for the management of carotid disease since 2008 and abdominal aortic
aneurysms since 2013, so vascular units allocated substantial resources and created
pathways for these conditions perhaps at the expense of patients with CLTI386:387 The
publication of the PAD QIF document in March 2019 brought PAD and especially CLTI to
the attention of vascular teams in the UK and for the first time set specific timelines to
be achieved for this patient group??’. Therefore, non-participating vascular units may

also have implemented changes in response to this guidance.

The COVID-19 pandemic was an important contextual factor that affected the
implementation of changes. In the UK, a national lockdown was implemented from

March to June 2020, followed by two additional lockdowns between November 2020
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and February 2021328, COVID-19 caused a significant disruption in vascular services
during the first year of the programme, with national guidance recommending the
deferral of elective surgery and consideration of therapeutic options with minimal need
for postoperative critical care®®, while the service was in the recovery phase during the
second year!'43%, The pause in elective activity may have benefited patients with CLTI,
as it freed up theatre lists to perform urgent revascularisation procedures.
Simultaneously, hospital pathways were modified and every effort was made to reduce

patient exposure to hospital, which may have contributed to a shorter length of stay.

The centres participating in the PAD QIP had better performance in most outcomes at
baseline compared to the control centres. Five of the eleven were already
revascularising more than 60% of the eligible patients in 5-days prior to the start of the
programme, while the national average at the time was 51.3%, and only two centres
were performing below that. The higher performance of PAD QIP centres during the
baseline period is likely a consequence of the recruitment method, as centres that
volunteered to participate already had an interest in CLTI patients. However, this may
have affected their potential to improve, as centres that were already performing well
had less room for improvement, known as the ceiling effect®*!. The difference observed
in individual centre improvement during implementation may be partly explained by this
effect, as the only two centres that displayed a significant improvement were the ones
that performed below the national average at baseline. For example, Birmingham
improved from revascularising 45.9% of patients with CLTI within 5-days at baseline, to
65.7% during the implementation period, a relative change of 43% that was higher than
the national improvement trend. On the other hand in York, 73.1% of patients were
already treated within 5-days in 2019, which improved to 75.5% during the programme,
representing a relative change of 3.3%. As some of the patients admitted urgently to the
hospital with CLTI have other medical problems that require treatment or optimisation
prior to surgery, it is empirically believed that it is not possible to apply the 5-day target
to 10-20% of the patients, making the performance of the York team very close to

optimal.

The implementation of changes during a Ql programme occasionally has unintended
consequences, known as balancing measures®®2, For example, strict adherence to
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antibiotic and diabetes guidance may be associated with overtreatment333%, or efforts
to reduce the length of hospital stay could result in increased readmission rates3®. In
this study, there was no increase in the postoperative complication, re-intervention, and
mortality rate in the index admission, and there was a reduction both in LOS and
readmission rate in participating centres. The increase in limb ischaemia complications
was comparable in PAD QIP and control centres, and it may have been related to the
COVID-19 pandemic, as thrombotic complications have been reported in other

studies396:397,

The main strength of this study was its controlled cohort design, which allowed us to
account for the temporal trend of improvement observed in the non-participating UK
arterial centres. The use of registry data also facilitated the comparison with historical
data from 2019, collected prospectively in the NVR before the start of this study.
However, this study also has some limitations. Firstly, some revascularisation
procedures performed during the study period were not captured in the NVR. This is
more likely the case for endovascular procedures, which have a case ascertainment in
the NVR of approximately 48%, compared to 86% for open surgical procedures!®*.
However, there is no evidence to suggest that the centres preferentially captured
procedures with shorter time-to-revascularisation that would alter the results, and
indeed many of the missing endovascular procedures may represent day-cases,
excluded in this analysis. Additionally, the NVR dataset does not record previous hospital
admissions or outpatient reviews, therefore some of the cases may represent scheduled
urgent procedures with minimal preoperative stay, which would artificially increase the
proportion of patients revascularised within the 5-day recommendation. Again, this
would be expected to affect participating and non-participating Trusts during both
baseline and implementation periods, so it is unlikely to have introduced significant bias.
Moreover, changes to the vascular services were introduced throughout the duration of
the programme, not all at the start, and it was not possible to identify the exact time
specific interventions were adopted in each centre. Due to this limitation, it is not
possible to evaluate how each intervention affected the outcomes, and whether some
were more effective than others. Finally, due to the short follow-up time in this study, it

was not possible to explore the effect of the programme on longer term outcomes, such
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as readmission, re-intervention and major amputation rates one year after
revascularisation. Further studies should assess the impact of the programme on long-

term patient outcomes and the sustainability of the changes over time.

In conclusion, the changes to the CLTI patient pathway implemented in vascular centres
participating in the PAD QIP significantly reduced delays to revascularisation and length
of hospital stay, with improvement in the latter being higher than the national trend.
The interventions introduced in the participating centres can be adopted by any vascular
unit seeking to expedite the revascularisation of patients with CLTI. Further research is

required to ascertain the long-term effects of the programme on patient outcomes.

140



Chapter 5. Factors that affected the implementation of the
Peripheral Arterial Disease Quality Improvement Programme: a

mixed methods study

5.1 Introduction

The development and components of the Peripheral Arterial Disease Quality
Improvement Programme have been described in the previous chapter of the thesis,
and consist of an implementation strategy, namely the “method used to enhance the
adoption, implementation, and sustainability of a clinical practice or program”?°>2, and
local interventions. In summary, the implementation strategy consisted of four
components; a data collection system, quarterly performance reports, collaborative
networking events, in the form of face-to-face meetings and webinars, and online QI
resources, including data analysis tools and QI training materials. As each of the 11
participating vascular centres had different referral pathways and local processes for
management of the patients with CLTI, the local improvement interventions were
tailored to the context of each centre guided by data from ongoing evaluation activity
and by the Model for Improvement3®. The programme launched in May 2020 and was
concluded in May 2022. A quantitative analysis of the performance of the participating
centres was undertaken at the end of the programme, to evaluate the progress of the
units compared to their baseline and the rest of the vascular units in the UK, which was

presented in the previous chapter.

A mixed methods study that included semi-structured interviews and an online survey
with clinicians from the participating centres was also performed during the
implementation period and is presented in this chapter. The aims of this study were; a)
to explore in depth the perceptions of the participants about the components of the
programme, b) to understand the service changes that were introduced in each centre
in relation to the programme, c) to describe how these changes were implemented, and
d) to identify the factors that facilitated or hindered the implementation of service
changes in the vascular surgery setting. This information will allow us to improve the

next cycles of the programme by removing elements that were not useful, and will guide
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future studies on this domain, as there are few quality improvement programmes

conducted in vascular surgery.

5.2 Methods

5.2.1 Mixed methods approach and research paradigm

The study followed an effectiveness-implementation hybrid design?>'252, with the
effectiveness evaluated in the previous chapter. The selection of a particular research
method was complicated by the unique challenges that implementation science studies

pose3%:

e There was a need to balance the speed of analysis with the achievement of rigour
and methodological integrity.

o Different kinds of insider and outsider expertise was required to support
implementation.

e There was a variety of existing frameworks to choose from, to examine the
mechanisms and associations of factors that influence implementation.

e The intended audiences were particularly diverse.

e There were resource constraints (staff, time, funding)

e Access to relevant participants was difficult

Based on these considerations, a mixed methods study design was followed, as it was

considered that the combination of qualitative and quantitative approaches would

provide a better understanding of the research topic*®. The mixed methods approach

adopted for the evaluation of the implementation allowed us to discover and document

the context(s) and the environment(s) where implementation occurs, the process that

occurs during implementation, the effectiveness of our chosen implementation

401 The two

strategy, and the relationship(s) between theorized and actual change
studies were conducted in the same time period, with the qualitative method used to
analyse the semi-structured interviews viewed as dominant and the quantitative
method used for the online survey as secondary (QUAL + quant)*®. The purpose of using
a mixed methods design was: a) convergence or triangulation, namely one study was
used to validate the findings from the other, and b) expansion, where the qualitative

study explained more in-depth the findings of the quantitative study?>*.
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The qualitative study followed the theory-informed framework method based on the
Consolidated Framework for Implementation Research (CFIR)?’# and using a pragmatic
approach, “strategically combining and borrowing from established qualitative
approaches to meet the needs of a given implementation study, with the guidance from
an IS framework and with clear research and practice change goals”3?°. This approach
satisfied the need to conduct a time-bound study, which engaged with theories and
frameworks, could be applied in practice and spoke to a diverse audience. The pragmatic
approach involved combining inductive and deductive analytical processes, using a
balance of insider/outsider orientation, following flexible coding and producing

practice-focused, actionable findings3®°.

In terms of ontological stance about the nature of reality, this study is based on critical
realism, according to which there is a social reality beyond ourselves, but understanding
this reality is dependent on the construction of a plausible account using subjective
judgement?®??, Therefore, we postulate that the information collected in this study is
socially influenced and viewed through the lens of the study participants, providing only
partial knowledge of reality and the phenomenon we explore. Epistemologically, |
leaned towards contextualism, where knowledge is perceived as emerging from
contexts and reflecting the researcher’s and participants’ position. This indicates that
the study findings may not be universally generalizable, but they will be valid in certain
contexts, similar to the ones in the programme, namely vascular surgery setting. Thirdly,
this is an experiential piece of work, as | documented peoples’ experiences of their
participation in the programme, but | also tried to draw out the influencing factors of

the decisions they made.

The study received Ethics Approval by the Hull York Medical School Ethics committee
(Ref. number 21 35, approval date 23/06/2021). The methods and results of the online
survey are reported according to the Consensus-Based Checklist for Reporting of Survey
Studies (CROSS)*%3, while those of the qualitative interviews are presented according to
the Standards for Reporting Qualitative Research (SRQR) checklist*?*, ensuring that all

consolidated criteria for reporting qualitative studies (COREQ)*°> are covered.
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5.2.2 Researcher characteristics and reflexivity

| designed the study, conducted and analysed the interviews and wrote this chapter,
supported by supervisors with training and experience in qualitative and quantitative
research methodology. My supervisory team comprised of two senior lecturers in
gualitative research methods who had expertise in framework analysis and
implementation science (LS, EG), a professor of health services research (DAC), a
professor of academic surgery and experienced mixed-methods researcher (ICC), and an

academic surgeon (JB).

In qualitative research, the researchers background, beliefs and biases, can influence
the analysis and interpretation of the findings*°®. Therefore, prior to the onset and
during the study | considered my positionality and how this may have affected my
conclusions through a reflexive practice, debrief notes and the upkeep of a research
journal®®’. Positionality refers to both the world view and the stance of the researcher
towards the research project, but as my ontological and epistemological assumptions
have already been examined above, | further expand on my position towards the subject

of the research, the study participants and the process.

As | am a vascular surgery trainee and did not have experience in qualitative research
before undertaking the PhD, a significant portion of my time in preparation for the
interviews was spent exploring the principles and methodology of qualitative research
and | undertook a postgraduate module on “Qualitative Research Methods”, in order to
further familiarise myself with the topic. Despite my limited knowledge on qualitative
research, | had in-depth knowledge of the research topic and shared a common
language with the study participants, having spent 5 years in training in vascular surgery
in the United Kingdom. As such, | was able to understand terms they used and the

situations they described.

| also had contextual knowledge, due to my previous clinical experience as healthcare
professional and working within NHS and the vascular service. This provided me with a
level of understanding that was important for the findings and the recommendations
derived from this qualitative analysis. | can be considered ‘embedded’ within the

healthcare service area being researched. This embeddedness provided me with useful
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insights in the relevance and meaning of the study findings. For example, | could
understand the acronyms used by the participants and the role of other healthcare
professionals in the multidisciplinary team. However, it may have unconsciously
influenced data interpretation, as | viewed the interviewees’ personal accounts through

the lens of my own experiences of the vascular service®°®,

| developed the protocol for the programme and lead its implementation for the first 2
years, therefore my personal investment on the programme may have been a source of
bias. As | conducted the interviews, the participants may have been reluctant to directly
criticise the components of the programme. However, my familiarity with the
participants, with whom | had been interacting throughout the project during webinars
and through emails, is expected to have created a more relaxed environment during the
interviews, as rapport has already been developed. Additionally, | believe | was
perceived as an “insider”, based on my identity as doctor and vascular surgery trainee.
However, there were also elements of a power imbalance, as surgery as a discipline has
rather strict hierarchy and the study participants were more senior than me in the

clinical setting.

5.2.3 Data collection

Instrument design

Data were collected through semi-structured interviews and an online survey. The CFIR
framework (Appendix 3) was used to inform the development of the interview topic
guide (Appendix 4) and the survey questions (Appendix 5). The CFIR is a determinant
framework developed by Damschroder et al, which includes constructs across five
domains of factors that influence implementation?’4. The constructs of this framework
were used for the design of the study tools (interview guide and survey questionnaire),
as well as the coding, analysis of the qualitative data and reporting of the findings. The
CFIR was chosen due to the comprehensive and systematic inclusion of factors that
influence the implementation of complex health care interventions in multi-level
contexts, and has been used in a large number of implementation studies in
healthcare?®’. It has five domains (intervention characteristics, outer setting, inner

setting, characteristics of individuals and process), and 41 constructs (Appendix 3).

145



The interview guide was designed based on the online CFIR Interview Guide Tool%%, to
ensure agreement with the framework, but other areas raised by the participants could
also be discussed and this was encouraged. The interview guide and the corresponding
CFIR constructs covered by each question are presented in Appendix 4. The topics that

we wished to capture during the interviews were the following:

e Role of the participant in the local implementation team and the organization

e Opinion of the participant about the recommendations that we try to implement in
practice (perceived value, benefit)

e Opinion of the participant about the usefulness of the components of the Peripheral
Arterial Disease Quality Improvement Programme (webinars, as a way of
communication with colleagues from other centres and sharing knowledge and
practice, online resources, electronic data collection system, quarterly performance
reports)

e Changes in vascular service delivery that were implemented as part of the
programme in the participant’s organization

¢ Involvement of stakeholders on the decision of what changes to introduce and
opinions of other team members on the implemented changes

e Factors that facilitated or hindered implementation of the changes in the
participant’s organization, such as availability of resources, support at senior
organizational level, perceptions of colleagues outside the implementation team
about the changes, factors arising from circumstances outside the control of the

department

The rationale behind the data collection instrument design was to focus on the most
important constructs of the CFIR framework, related to the research question and the
topics of interest that could be covered during a 30-45 minute interview. Based on the
experience of the research team, 15-20 open-ended questions would be appropriate,
and prompts were noted as a memory aid in case the interviewee did not expand on the
guestions. The instrument was reviewed and agreed upon by all members of the

research team.
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The researcher who conducted the interviews (PB) had received training in qualitative
research methods and interviewing. A mock interview was conducted with another
member of the research team, who was also one of the implementation team members
in a participating centre, in order to pilot test the interview guide and practice interview

skills, as this was the first semi-structured interview the investigator had conducted.

The interview guide was modified after the mock interview, with one question about
the effects of coronavirus disease 2019 (COVID-19) (positive or negative) on the
implementation efforts added. Due to this addition, it was decided to remove a question
about sustainability, especially because some centres had not implemented changes
based on the discussions during collaborative meetings, so the question would not be
applicable to all participants. Additionally, the question “what was done well in your
centre” was originally included in the interview guide before the question about things
that could be improved, but the question was not congruent with the flow of the
conversation, and after it was not asked in the first 4 interviews, it was removed from
the interview guide. Most questions were asked to all participants and when a question
was not asked, this was because the participants had already answered as part of a

previous question.

The questions of the online survey were also based on the CFIR Interview Guide Tool*,
to ensure agreement with the CFIR framework (Appendix 5). The online survey was
designed and distributed using the Jisc online surveys software, provided by the
University of Hull. Jisc is a secure, GDPR-compliant, web-based software platform for
designing and conducting surveys and therefore it ensured the security of the data. The
survey contained 4 questions about the participant’s characteristics (occupation,
specialty, organisation and stage of implementation), 4 questions about the
programme, and 45 questions about factors affecting implementation based on the CFIR
domains. The “stage of implementation” question was used to divide the survey into 2
pathways, depending on whether changes had been implemented in their unit (past
tense in the wording of questions) or not (future tense). The questions about the
implementation factors were formed as positive statements and rated on a 5-point

Likert scale ranging from 1 (Completely disagree) to 5 (Completely agree). The questions
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about the programme components were rated as “very usefu

III o"
7’

moderately useful”,

“not useful” and “did not use/attend”.

Interview sampling strategy, sample size and participant characteristics

The study followed purposive sampling, and specifically criterion and maximum
variation sampling®19411, Purposive sampling is a technique used to select “information-
rich cases to study, cases that by their nature and substance will illuminate the inquiry
question being investigated”#°, because they have knowledge about or have
experienced the phenomenon of interest. Criterion sampling includes all cases that
meet a specific criterion, which in our study was the involvement with the programme,
while maximum variation sampling involves “purposefully picking a wide range of cases,
to get variation on dimensions of interest”, which are described further in the sampling
framework (Table 26). The initial study protocol also included snowball sampling, a
method where participants recommend other people in their network, as the centre
leads were asked to suggest individuals suitable for an interview in their organisation.
However, this did not occur during the study, as none of the email recipients made
suggestions for other colleagues, but volunteered to participate in the interview

themselves.

The target sample size was 15 to 20 interviews with healthcare professionals in the local
teams implementing the intervention. This was based on our critical realist approach,
for which we required enough data to identify patterns across the data. Various studies
have explored saturation as related to the emergence of new themes during thematic
analysis*'2413 and most indicate that 12-16 interviews of a homogenous population are
enough to explore the topic*'3-418, We considered that our participants had a relatively
homogeneous background, as they were all treating vascular surgery patients with a
specific condition (CLTI), albeit in different sites. Thus we aimed to interview at least one
individual from each site, in order to collect adequate data to address the research

question?,

The sampling framework for the semi-structured interviews was developed as part of
the study protocol (Table 26). As each centre implemented the intervention differently,

representation from all centres with at least one interviewee was important to the
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study. The centre leads were all vascular surgeons, but variety was sought in participant
occupation (doctors, nurses, administrators) and specialty (vascular surgery,
interventional radiology). Additionally, the vascular centres’ catchment area and size
were taken into account for the selection of interview participants. The rationale behind
the sampling technique was to include “key stakeholders”, people who have the most
knowledge about, played a role in or were impacted by the implementation effort42°,
This approach was pragmatic, taking into account available resources in terms of
researcher time as well as researcher numbers, availability and experience. Balanced
representation from centres that had made a lot of and little progress in implementation
during the programme was desirable, but as the final results of the programme were
not available during the qualitative fieldwork stage, this criterion was not considered in

the sampling framework.

Table 26 — Criteria of the theoretical sampling framework

Axis of diversity Operationalised Selection Criteria
Role in Team Leader
implementation Team member
Doctor
Occupation Specialist nurse
Administrative staff
Specialty of Vascular Surgery
participant Interventional Radiology
<800 beds

Size of organisation 5800 beds

< 1 million population
> 1 million population

Catchment area

Organisation

A" "TIomMmmMmoOw>r>
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The clinical leads of the 11 participating vascular units were contacted via email and
were asked to nominate the most appropriate representative from their centre for an
interview. The email included a consent form and the participant information leaflet,
which described the purpose of the study, what was required of them, how the collected
data would be used (including how to view the results if published), contact details for
the investigators, and how their confidentiality and anonymity would be protected.
Most of the centre leads volunteered to participate in the interviews. Reminder emails
were sent every 2 weeks to centre leads that had not responded. Even though it may be
considered that the recurring emails put pressure on the recipients, previous feedback
from them indicated that they often welcomed the reminder due to their heavy clinical
workload and the emails were carefully phrased to indicate that any response (to accept

or decline the invitation to interview) was sought.

As none of the centre leads suggested other members of their team for interviews,
emails were also sent to other healthcare professionals in the participating centres, who
had previously engaged with the programme and had agreed for their contact
information to be retained and used for communications about the programme as per
GDPR*?!, More specifically, emails were sent to three Interventional Radiology
Consultants, two specialist nurses and one administrator, to ensure that a variety of
occupations and specialties were represented. All participants were known to the
researchers prior to the qualitative study, as they had participated in collaborative
webinars and in-person meetings. People that were invited to interview via email and
declined to participate included a clinician, who did not have availability for an interview
due to time pressures, a specialist nurse who was retired and a Ql coordinator, who did

not give a reason.

During the interviews with the centre leads, the involvement of other team members in
the implementation process was discussed, and it transpired that in some centres only
one or two individuals were sufficiently engaged with the programme to be able to
answer the interview questions. Therefore, the population eligible for interviews was
much more limited than initially estimated, but all groups of healthcare professionals

apart from administrative staff and all organisations were represented.
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Interview process

The semi-structured interviews were conducted online and were recorded using
Microsoft Teams software. Microsoft Teams was chosen as it is considered a secure
platform, used by NHS organisations for discussion of sensitive patient data, and the
participants were familiar with it. The interviews were conducted between 27 July 2021
and 26 October 2021 and they took place between 9am-5pm. The need for online
interviews was necessitated by the social distancing rules and travel restrictions during

the COVID-19 pandemic.

All the interviewees received the information leaflet and an electronic consent form
prior to the interview. They signed and dated the consent form and returned it to the
study team via email. They were asked to re-consent at the beginning and at the end of
the interview and confirm that they were willing for their data to be analysed. They were
also offered the opportunity to ask questions and they were advised of their right to

withdraw from the study at any time after their interview.

Minimal field notes were taken during the interview, in order to maintain eye contact
and interaction with the participants, but a debrief note was kept after the completion
of each interview. The debrief note included observations about the overall impression
that the interviewee made to the interviewer, the participant’s surroundings, self-
presentation and non-verbal communication (body language, tone of voice, mood,
openness to questions), audio and video quality, interruptions during the interview,
notes about prompt questions that were asked or questions that not asked and the
reasons, important features of the participant’s responses, ideas for data analysis and
additional questions to ask in subsequent interviews or areas for the interviewer to work
on regarding interview technique. Particular care was taken not to interrupt the

participants and let them expand on the questions.
Online survey

All healthcare professionals in the 11 NHS Trusts participating in the PAD QIP, who had
been involved in the implementation of the programme were invited to complete the
survey via email. The clinical leads of the 11 vascular units were asked to distribute the

online survey link to the other members of their team, including the information leaflet
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about the study. Consent for participation in the online survey was gained at the
beginning of the survey, by agreeing with the statement “I consent to take part in this
survey and agree with how my data will be managed”. If the participant did not confirm

the statement, the survey was automatically stopped. The responses were anonymous.

The online survey opened on 15t July 2021 and closed on 30t October 2021, therefore
was conducting concurrently with the interviews. The initial target sample size was 33
responses, 3 from each centre, but during the interviews it transpired that some clinical
leads had not involved many other colleagues in the implementation effort, as

previously discussed, so the survey closed before reaching this number.
5.2.4 Data Analysis
Development of the implementation score

After the conclusion of the programme in May 2022, an implementation score was
developed, to categorise the centres as high or low implementation, in a similar method
as described in previous implementation evaluation papers*??%2>, Centres are
represented by a randomly generated capital letter for anonymisation purposes.
Participation in collaborative meetings, number of changes implemented and
engagement with data collection were used to create a 3-point implementation score,
indicating the degree of programme implementation for each participating centre. For
each of these characteristics, a cut-off point was decided, that would equally divide the
centres into 2 categories and would be given 0 or 1 point. For example, a centre was
given 0 points if it was represented by 9 or fewer participants in the meetings overall,
and 1 point if represented by more than 9, resulting in 6 centres with 0 points and 5
centres with 1 point. Similar approach was followed for the number of interventions
implemented (0 points if 3 or fewer, 1 point if 4 or 5) and proportion of eligible
procedures entered in the data collection system (0 points if less than 70%, 1 point if
70% or more). The points were then added up and the participating centres were divided
into high implementation if their score was 2 or 3 and low if it was 0 or 1 (Table 27).
Therefore, centres were considered high implementation if they fulfilled 2 or more of

the following criteria:
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e they were at the top 50% of the cohort for meeting participation,
e atthe top 50% for change implementation

e had more than 70% case ascertainment for lower limb procedures in 2020 and 2021.

Table 27 — Participating centres and their implementation score

Meeting . .
e e . Interventions Data collection .
Participation Implementation
Centre
No. of No. of Case score
.. Score Score . Score
participants changes ascertainment

F 7 0 2 0 <70% 0 0 Low
K 13 1 1 0 <70% 0 1 Low
D 12 1 2 0 <70% 0 1 Low
G 3 0 3 0 >70% 1 1 Low
J 6 0 2 0 >70% 1 1 Low
A 6 0 4 1 >70% 1 2 High
E 9 0 4 1 >70% 1 2 High
C 9 0 4 1 >70% 1 2 High
H 16 1 4 1 <70% 0 2 High
| 15 1 5 1 <70% 0 2 High
B 14 1 5 1 >70% 1 3 High

Interview analysis method

The purpose of the analysis was to move from the raw transcribed data to codes, then
themes and finally theory and conclusions. The analytical method was chosen to provide
timely evaluation of the intervention using limited resources but being scientifically
rigorous. Several methods of rapid qualitative evaluations have been described in the
literature*?6427_ |t was decided by the research team that the traditional Framework
Analysis was the most suitable for use in this study, as it is structured and systematic,
therefore relatively easy to follow for those with no previous experience in qualitative

research28429,

The Computer Assisted Qualitative Data Analysis Software (CAQDAS) QSR NVivo 12
Pro*3° was used for data management and analysis. The use of CAQDAS has been used
widely in qualitative research and has a number of advantages and limitations*31. Its

main advantage is the ability to organise and manage large amounts of data effectively,
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facilitate visualisation and summarisation, and maintain an audit trail that increases the
transparency of the analysis process?*2. Its main drawbacks are the time required to
learn how to use the software and the limited ability to view all the data at once, due to
the screen size constraints®®3. It is important to underline that the software did not
analyse the data, it just aided the analysis process, especially the charting or

summarisation step as described below.

Framework analysis (FA) consists of the following steps*3*:

1. Transcription

2. Familiarisation with the interview, where the researchers view the recorded
interview and read the transcript and the reflective notes.

3. Coding, which involves reading the transcript line by line and applying a code that
captures the message of that excerpt. A code is defined as a word or phrase used as
a label (descriptive or conceptual) and assigned to excerpts of data.

4. Developing a working analytical framework

5. Applying the analytical framework (indexing), where the coding structure is applied
to the whole dataset.

6. Charting, where the data are summarised and entered into the framework matrix

7. Interpretation, during which patterns within and between cases are identified and
the relationships across and between codes are explored. Data is synthesised using

tables or diagrams.

Transcription

Software-assisted transcription of the interviews was performed. The transcription
function of Microsoft Teams was activated during the interview and a transcript was
produced after the interview was completed. This was used to facilitate the transcription
of the interviews but required considerable amendments by the researcher. Verbatim
transcripts were produced using this process but edited for clarity. Word or phrase
repetitions were deleted and words such as “you know” and “like”, and utterances such
as “um” and “yeah” were removed. Instances when the interviewee repeated the words
of a third person were put in double quotes. Punctuation was added to improve

readability of the written text.
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Familiarisation

The familiarisation process occurred throughout the data collection process, from the
creation of the interview guide, interview process, transcription, coding and analysis of

the transcripts.

Coding

After the interview transcripts were de-identified and imported into the software,
Framework-guided analysis was performed using deductive and inductive line-by-line
coding methods*3>. The codebook was based on a rich set of deductive CFIR constructs
and inductive codes that were relevant to the evaluation but not included in the CFIR
framework. This is often called template analysis, as it involves a codebook which is

based on a framework, but is then adapted to the study context?3¢,
Developing a working analytical framework

The CFIR framework was modified in a number of ways, to fit the research question, the
resources and generally the context of the study, as in previous studies*¥. Initially, all
41 CFIR constructs were included as codes and new constructs were also added to the

existing ones, to capture factors influencing the implementation.

To capture elements of the context in more detail, the CFIR “Inner Setting” domain was
divided into team-level and organisational-level determinants, based on the work by
Rogers et al.?81, This was necessitated by the fact that contextual factors are of particular
interest in this study and even though the CFIR framework has been shown to capture

these well compared to other frameworks?2°

, it does not separate them into team and
organisation. Rogers et al. describe a coding framework based on CFIR and supported
by organisational theory, where system-level, organisational-level, team-level, and
individual-level determinants are used to capture context?8!. In our study, the system-
level determinants were captured by the CFIR “Outer setting” constructs,
organisational-level by the “Inner setting — Organisation” constructs and the individual-

level by the “Characteristics of Individuals” constructs. For the team-level determinants,

a new set of constructs was created under the domain “Inner setting — Team”, which
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included “team structure”, “teamwork”, “team culture”, “team compatibility”, “team
resources”, “local leadership engagement” and “team efficacy”. This change was
decided during the design stage of the study and prior to the interview process, and has
been reported in other studies evaluating complex interventions#3®439, These 48 codes

formed the initial nodes in the NVivo software before coding was attempted.

The initial codebook was used to code the first three interviews. During this coding
process, the codebook was modified, with inductive codes created to capture interview
content not covered by the CFIR constructs. This has again be common practice in other
studies, especially ones evaluating large programmes rather than discrete
interventions*3”. For example, two codes were created to capture the effects of the
COVID-19 pandemic on the implementation efforts (“COVID positive effects”, “COVID
negative effects”). The code “Team beliefs” was added to the “Inner setting — Team”
domain, to capture opinions, feelings and perceptions of the team members about the

changes implemented in the service.

Additionally, six codes were created under the “Design Quality and Packaging” CFIR
construct, to capture opinions about the resources provided by the programme (“NVR
data collection”, “Online Ql resources”, “Performance reports”, “Meetings”) and about

the programme overall (“PAD QIP overall”, “PAD QIP suggestions”).

Two codes were also used to capture barriers and facilitators, labelled “Main facilitating
factor” and “Main difficulty”, with a sub-code “Other difficulties”. This approach helped
with summarisation and has been used in other published studies of complex

interventions®’.

A code was also developed inductively to capture how the intervention was
implemented locally (“Local changes”) and another one for local plans going forward
(“Local future plans”), as the participants were at various stages of the implementation
journey when the interviews were conducted (Question 17 of interview guide, Appendix
4). This was different from the “Planning” construct in CFIR, which referred to the

process of planning changes that were already implemented.
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The code “Data collection” was developed to capture the methods used by the
participants to collect data relevant to the programme. It was known prior to the
interviews through the webinars that some organisations maintained local databases
whereas others used the National Vascular Registry as data collection tool. Local
databases contained more detailed information about the patient pathway and
indicated that the participants devoted more resources to data collection in their centre.
This code was also used to capture information about the presence of data

coordinators/data clerks in each centre, who were responsible for collecting data.

Finally, the “Culture” and “Learning climate” constructs of the “Inner setting” domain
were merged during analysis of the second interview, as their definitions were very
similar and discriminating between the two would not add value to this particular

analysis. The amendments resulted in 61 inductive and deductive codes in total.

Applying the analytical framework

After the first three interviews were coded and the codebook updated, the remaining
interviews were coded. No new inductive codes were created at this stage. However,
the definitions and inclusion criteria of some CFIR constructs were modified, to reflect
the specific needs of our programme (Appendix 6, notes in italics), as in other
evaluation studies**”438, This enabled all members of the research team to have a
common understanding of the constructs. The first three interviews were re-analysed
in the end and their coding was modified to reflect the changes made to the definition

of codes.

The first three transcripts were also analysed independently by another member of the
team with experience in qualitative research and implementation science (LS). These
transcripts had broad use of codes and included inducted new codes, providing a good
opportunity to test the deductive and inductive processes and appropriateness of the
framework. This process also allowed analyst triangulation through a consensual
qualitative research approach, assessment of inter-rater agreement and evaluation of

individual bias.
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Charting data into the framework matrix

At the end of the coding process, the CFIR constructs that were not used in the analysis
were removed. These were: “Trialability”, “Individual identification with organisation”,
“Other personal attributes”, “Goals and feedback”, “Readiness for implementation”,
“Compatibility”, “Access to knowledge and information”, “Organisational incentives and
rewards”, “Team resources”, “Team efficacy”, and “Local Leadership Engagement”.
Additionally, the six constructs related to “Engaging” in the “Process” domain were
included in a single “Engaging” code. Finally, the constructs “Complexity” and “Culture”
of the Inner setting domain, were only discussed in 2 interviews and therefore were not
considered in the analysis due to insufficient data. The above changes resulted in 42

codes and are reflected in the final version of the codebook (Appendix 6).

After all the interviews were coded, the data were summarised in a matrix, each code in
a column and each participant as a row. Matrices are considered to “streamline the
process of noting simultaneously and systematically similarities, differences, and trends
in responses across groups of informants”44%. Data for each participant and code were
summarised and inserted into the corresponding cell in the matrix. The summaries were
created by paraphrasing the answers and were brief but thorough, keeping the general
sense of what was discussed. This was a minimally interpretative process. However, our
aim was to analyse the vascular centres participating in the programme as cases because
they were the context of the implementation and the participants belonged in the same
team. Therefore, when there were more than one interviewees representing a centre,
their data were combined, providing a composite picture. This approach allowed us to
interpret the data at a team and organisational level. NVivo was very useful at this stage,
as it enabled the easy retrieval of indexed data for specific codes within each transcript.
References to potentially interesting quotes were highlighted within the cells of the

matrix using Q or QQ/QQQ depending on how illustrative the quote was.

Ratings were also provided for each cell in the matrix on a scale of -2 to +2, based on
valence and strength (weak or strong influence on implementation) (according to the
CFIR rating rules)#?2424441 yalence was indicated by the + or — sign and representing the

construct’s positive or negative influence on implementation. Zero represented no
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influence on implementation (neutral), M represented mixed influences (positive and
negative) and X indicated that no statements were coded in that construct. Strength of
the influence on implementation was indicated by the number 1 or 2, which was
determined by the strength of language and the use of examples by the interviewee.
Constructs were evaluated and rated one at a time across all interviews, to allow

estimation of the strength of influence and consistent rating across a construct#2342>,

The influence of COVID-19 was given an overall rating, depending on whether there
were more comments about the positive or the negative effect of the COVID-19
pandemic by each interviewee, while seven of the 44 codes (“Data collection”, “Local
changes”, “Local future plans”, “PAD QIP suggestions”, “Main facilitating factor”, “Main
difficulty” and “Other difficulties”) were not rated. This information was collected to get
a more complete picture of the local interventions, and to inform future iterations of

the programme.
Interpreting the data

After the coding of the interview transcripts against the CFIR constructs, analysis
sessions in the form of peer debriefing were carried out between me and my qualitative
supervisor Dr Laura Sheard, where we thematically categorised the CFIR constructs.
Themes “describe or explain aspects of the data, which are the final output of the
analysis”#3*. We wished to move away from descriptive themes, defined as simple
summaries of data separated into domains, and towards conceptual themes, as
“patterns of shared meaning underpinned by a central organising concept”*42. For this
reason, we developed our own conceptual themes, which captured the messages from
the interviews better than the CFIR domains, because some key messages could be
found in constructs from different domains. For example, the importance of the
programme for patients and the patient benefits from the programme were captured in
the “Intervention — Relative Advantage”, “Outer setting — Patient needs”, “Inner setting
(Organisation) — Tension for change”, “Inner setting — Team beliefs”, and “Individual —
Beliefs and Knowledge about the intervention” constructs, and all these constructs

supported the concept of “Patient Benefit”, which was the resulting theme.
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After the themes were defined, the coded data extracts were reviewed again to
determine whether they were coherent with the overarching theme. The theme names
were purposefully kept short, but give an immediate idea of the theme’s content®*3,
Four codes could not be integrated in the main themes, and they were kept under a

miscellaneous theme?®%?,

Additionally, a construct analysis was performed to identify CFIR constructs that were
associated with facilities with high and low implementation success, based on their
implementation score (Table 27)%*1. The valence and strength ratings for each construct
were entered in a matrix, with the high and low performing units as columns and the
constructs as rows and a graph was also created. This visual representation and
comparison of codes within and between cases allowed the identification of constructs
that distinguished between high and low implementation units (difference in valence
and/or magnitude), and constructs that had an overall positive or overall negative effect
on implementation. Distinguishing constructs were subsequently characterised as
barriers or facilitators of implementation using the valence rating and summary text*?>,
The organised assembly of information in tables and graphs allowed conclusions to be

drawn and suggestions for improvement to be made**4.

Survey response analysis

The two pathways that were created based on whether changes had been implemented
in a vascular unit (past tense in the wording of questions) or not (future tense), were
combined for the analysis, as they were addressing the same factors. The survey
responses about the CFIR implementation factors, which were rated on a 5-point Likert
scale from “Completely disagree” to “Completely agree”, were recoded to follow the
rating for valence and strength according to CFIR rating rules, with “Completely
disagree” corresponding to -2, “Disagree” -1, “Neutral” 0, “Agree” +1 and “Completely
agree” +2. These were quantitatively analysed and the mean score and standard
deviation for each item was calculated. Higher mean score indicated agreement with

the positive statements, and therefore presence of the factors explored.
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Data integration

The results from the semi-structured interviews and the online survey were examined
concurrently, to explore their convergence, complementarity and dissonance through
triangulation, with the aim of increasing the validity of the research, using a similar
method as Farmer et al*®. In summary, the findings related to each CFIR construct from
the two data collection methods were compared, with respect to their prominence and
positive or negative effect on implementation. Based on the comparison, it was decided
if there was agreement, partial agreement, silence or dissonance. The main findings of
each theme are presented, supported by verbatim quotations from the interviewees,

and compared with the survey findings.
5.2.5 Integrity measures

The scientific integrity of the findings was assessed by evaluating the rigor, reliability,
validity, and generalisability of the data®®. For a qualitative study to be rigorous, both
criteria of validity and reliability should be met. Reliability refers to the consistency and
dependability of the project’s processes, that would allow the same results to be
obtained if the project was repeated. This can be established primarily by developing a
coding system and assessing interrater agreement, but also by presenting the theory
and framework that informed the study design, the researcher’s background and the
data collection and analysis in sufficient detail**®. The reliability of coding of the
interview content to the framework constructs was explored at the end of the coding
process, by re-coding the first three interviews after all the interviews had been
coded?®’. Additionally, to assess interrater agreement, another member of the research
team coded the first three interviews independently?*448, The same themes were
generated through this process, ensuring good interrater agreement and that no
important concepts were missed. A reflective journal was also kept throughout the data
collection and analysis process, and a detailed audit trail of all important decisions about

data collection and analysis was maintained.

Validity is defined as the “degree to which inferences made in a study are accurate and
well-founded”**, or “how well the research represents the actual phenomenon”4%, the

accuracy of data and findings. This can generally be demonstrated by providing a clear
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description of the methods of data collection and analysis and of the study context,

clarifying researcher bias through reflexivity*>°

, using more than one data collection
method (triangulation), developing a coding system and checking interrater reliability,
and performing negative case analysis**. In this study, we employed methodological
triangulation, which involved the use of more than one data collection technique, to
examine if there were commonalities or differences in the collected data. We also used
an established coding system (CFIR) and checked interrater reliability by having more
than one researcher analyse a sample of the interviews. To minimise the risk of bias that
arose from my involvement in the Ql programme design and the conduct of the
interviews, field notes and debrief notes were kept, which became part of the analysis
to demonstrate my personal and epistemological reflexivity*!. An audit trail was also

kept in the form of a research journal that described the decisions that were made and

the steps that were taken from the beginning of the project to the reporting of results.

Generalisability refers to the application or extension of findings to other contexts,
settings or organisations. We believe that this study is generalizable to vascular surgery
settings, similar to the ones described in this study. To achieve this, we described the
context of the study, the characteristics of the participants and participating units, as

well as the research assumptions that informed the study design and analysis.

Therefore, this work fulfils the eight criteria highlighted by Tracy as representative of

high quality qualitative research®?:

e arelevant, timely and significant topic, highlighted by recent national reports,

e richrigor, achieved by using appropriate theory, sample, data collection and analysis
process,

e credibility, through detailed description of events and triangulation,

e sincerity, by using self-reflexivity of the researcher and transparency of methods and
findings,

e resonance, as it may interest readers through the transferability of findings to
surgical settings,

e significant contribution, as it adds knowledge to a field where little information

exists,
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e ethics, as it follows all the ethical considerations and gained approval by an Ethics
Committee, and
e meaningful coherence, through using methods that support the research question

and connects the findings with the existing literature.

5.2.6 Data management

All electronic records, including the consent forms, interview recordings, transcripts and
debrief notes were stored on secure servers of the Royal College of Surgeons (RCS) of
England, which are encrypted and allow access through a two-factor authentication
system only to members of the research team that have been granted permission. The
interview recording video files were uploaded on the RCS servers immediately after the
interview. The transcript record was also anonymised immediately and saved in that

format. Anonymised quotations were extracted from transcripts during the analysis.

5.3 Results

5.3.1 Participant characteristics

Sixteen semi-structured interviews were conducted with representatives from 11
vascular units, which lasted from 35 to 50 minutes. The participant characteristics are
presented in Table 28, based on the axes of diversity of the sampling matrix. According
to the field notes, most of the participants joined the interview from a private space at
their place of work (hospital), while one was in a shared office, one was in a theatre suite
(therefore they had no privacy), and two of them were at home (home-working during
COVID-19). Two of the participants did not have a camera on their computer, so it was
not possible to see their facial expressions and other non-verbal communication, or their
surroundings. Overall, the remote online nature of the interview made eye contact
through the camera and interpretation of body language difficult. There were
interruptions during five of the interviews, which consisted of phone calls to the
interviewees, some of which were answered, people entering the room, and one
interruption on the interviewer’s part, but none of the participants stopped or asked to
exit the interview. Most interviewees appeared relaxed or in a good mood, and

expanded on the questions, while a small number were tired, reserved, or rushed.
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Twenty survey responses were collected from the 11 participating units. Three quarters
of respondents were vascular surgeons (n=15, 75%), 2 were Interventional Radiologists,
2 vascular specialist nurses and 1 administrative staff member. There was 1 respondent
from 5 vascular units, 2 respondents from three vascular units and 3 respondents from
the remaining three units. Regarding the stage of implementation at the time of the
survey, twelve participants from 6 units stated that changes were integrated into
routines, 6 participants from 6 units that some changes were implemented as a trial,
and 2 participants from 2 units that no changes were made yet. Interestingly,
participants from three vascular units gave different responses regarding the stage of

implementation that their organisation was in.

5.3.2 Main themes

The deductive and inductive codes used in the Framework analysis were summarised
into 5 themes: the Programme, the benefit for patients, the role of the team, the
resources and organisational processes, and the polarising effect of COVID-19 (Table 29,
Figure 21). These five themes captured the main factors that affected the
implementation of changes in the CLTI patient pathway and are discussed in detail below
with supporting excerpts from the interviewees. The relationship between CFIR

domains, codes and final themes is depicted in Figure 22.

Overall, the elements of the Peripheral Arterial Disease Quality Improvement
Programme, which formed the implementation strategy, and the view that it was
beneficial for patients, were considered helpful by the majority of the interviewees.
Similarly, the support of a team of healthcare professionals and organisational support
in the form of resources were important requirements for implementation, while the
COVID-19 pandemic also played a crucial role as a contextual factor beyond the control
of the participants. More nuanced exploration of some aspects of these five themes led
to the identification of factors that differed between high and low implementation
centres (Figure 23). These were team beliefs, team structure, team compatibility,
networks/communication, resources, implementation climate, relative priority, and

evidence strength (Table 29).
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Table 28 — Interview participant characteristics based on the criteria of the theoretical

sampling framework

Axis of diversity Operationalised Selection Criteria Participants
Team Leader 11
Role in implementation Team member s
Doctor 15
Occupation Specialist nurse
Administrative staff 0
Vascular Surgery 13
Specialty of participant Interventional Radiology 3
<800 beds 9
Size of organisation 5800 beds ;
< 1 million population 9
Catchment area
> 1 million population 7
A 1
B 3
C 2
D 2
E 1
Organisation F 2
G 1
H 1
I 1
J 1
K 1
High performing 9
Implementation score
Low performing 7
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Table 29 — CFIR domain constructs, corresponding themes, and rating by participating

centre, with constructs differing between low and high implementation centres with

asterisk
Theme L Low implementation| High implementation
Institution
D F G J K|A B C E H |
Intervention - NVR data collection 2 M X X 1|0 M +1 -1 X -1
Intervention - Online resources +1 X X X O0[X +1 0 X +1 -1
o Intervention - Performancereports -1 M X +2 +2|+2 42 +1 +2 -1 -1
€ |Intervention - Webinars/meetings +1 42 X +1 +2(+2 +1 M +2 +2 -1
g Intervention - PAD QIP overall +1 +2 42 +2 +1|M +2 +2 +1 +1 +1
§° Intervention - Adaptability X X X X|+1 +1 +1 X 0
e Outer setting - Cosmopolitanism X X X +1| X +1 +1 X +2
Outer setting - Peer pressure X X X 42 42| X +2 +2 X X
Process — Evaluating M 0 0 +1 -2|+2 42 -1 +1 0 +2
+~ |Intervention - Evidence Strength* X X X +1 X -1 X -1 X -1
;E Intervention - Relative Advantage M X X +2 M M X M
8 | Outer setting - Patient needs M M X X X +2 42 +1 +2 -1
';E; Inner setting - Team beliefs* +1 M -2 +1 -1 (+2 42 +1 +2 +1 +2
"g Inner setting -Tension for change +1 42 +1 +2 X |[+2 +2 +1 +2 42 +2
e Individual - Beliefs/knowledge +1 +2 +1 O 0 +1 +2 +1 +1 +1
Inner setting - Team structure* +1 +1 +1 -2 X +2 +1 +1 +2 +1
Inner setting — Teamwork +2 42 +1 +2 +1 +2
g Inner setting - Team culture X +2 2|1+1 M 0 X -2
D |Inner setting - Team compatibility*  +2 -1 -2 +1 X [+2 +1 +1 +2 +1 +1
" 'EZ‘z;?;'irc’ft}o'\:‘itwork/ 142 2 42 -1|-1 42 42 42 X 2
Process — Engaging +1 +1 +2 M 41 42 +2 +2
Intervention - Intervention source 0O 0 O X0 +2 O X
@ Intervention — Cost -1 0 0|-1 +#1 +1 +1
g :' Inner setting — Resources™ 2 -2 -2 2|M M +1 +2
g ,g Inner setting — Implement. climate* 0 0 X X X [+2 +2 X X +2 O
o % lz:z;;z::gft_ Leadership 0O M +1 +2 2 |(+1 M -1 +2 +2 +2
Ci):;:rr];(\a/':;ng - External policy x M X 0 +1/X M 0 X x -1
g COVID-19 M -1 +1 M 22|M M +1 +2 -1 +1
8 Inner setting - Relative priority* -1 -2 X -2 22|1-1 M X X X +2

X : no information; M: mixed effect on implementation; 0: no effect on

implementation
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Figure 21 — Final themes and their corresponding CFIR constructs
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CFIR domains CFIR constructs Themes

Intervention source
Cost
Evidence strength
Relative advantage
Adaptability
NVR data collection

Resources/
org.process

Intervention

Online resources
Performance reports
Webinars/meetings

PAD QIP overall

Resources

Implement. climate
Structural characteristics

Patient benefi

Leadership engagement

Tension for change

Inner setting-
Organisation

Networks/Communication

Relative priority

External policy incentives
Patient needs

Programme

Cosmopolitanism

Outer
setting

Peer pressure

Beliefs/knowledge
Self-efficacy

Individuals

Indiv. stage of change

Other

Evaluating
Planning

Executing

Process

Engaging

Team beliefs
Team structure

Teams

Teamwork

Team culture

Inner setting-
Team

Team compatibility

COVID 19

COVID
19
COVID

Figure 22 — Relationship between CFIR domains, CFIR constructs and themes
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MNVR data collection I I
Online resources - ——
Performance reports | |
E Webinars/meetings ] |
E PAD QIP overall . |
? Adaptability ]
= Cosmopaolitanism ]
Peer pressure |
Evaluating I |
Evidence Strength | ]
% Relative Advantage ]
E Patient needs . 1
E Team beliefs ] |
E Tension for change ]
Beliefs/knowledge about interv. - |
Team structure ] |
Tearmwork | |
g Team culture —— —
K Team compatibility — =
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Engaging ] ]
ﬁ Intervention scurce |
E Cost | |
; Structural characteristics | I
__HD? Resources I — ]
g Implement. climate ]
§ Leadership engagement [ | |
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:% CaviD I B |
8 Relative priority  IEE—— ]
Self-efficacy | ]
] Indiv. stage of change [ ]
g Planning [ | |
Executing | ]
-& ] 12
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Figure 23 - Rating of CFIR constructs in high (green) and low (blue) implementation
facilities
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Influential people support
Leaders aware-not involved
Key stakeholder engagement
Champion support
Feedback

Adjustments based on local data
Adjustments based on reports
Plan followed

Plan in place

Self-efficacy

Positive feeling

Belief in effectiveness
Understanding

Knowledge

Involvement in decisions
Team goals

Team change climate
Team efficacy

Team belief for need
Organisational resources
Leadership support

Org. goal alignment
Organisational incentives
Relative priority
Compatibility

Tension for change
Implementation record
Climate for new ideas
Networks

Organisational structure
Financial incentives
National policy

Advantage for organisation
Peer pressure

Networking is helpful
Allows networking

Patient needs

Helpful materials
Informative materials
Access to materials

Cost

Complexity

Adaptability

Relative advantage
Evidence

PROCESS

INDIVIDUALS

TEAM

INNER SETTING-ORGANISATION

OUTER SETTING

INNOVATION

Qo
X

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Completely disagree M Disagree ® Neutral ™mAgree M Completely agree

Figure 24 — lllustration of the results from the online survey
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Table 30 — Results from the online survey

= = 0

CE I T PR

- = 5 5 o5 59

Eo 2 2 < Em F &

O T (a] z o [}

o o =
Evidence 0 2 7 7 4 20
> Relative advantage 0 0 2 12 6 20
O | Adaptability 1 0 1 15 3 20
| Complexity 0 5 5 8 2 20
8 High cost of changes 0 10 8 2 0 20
< | Access to materials 0 0 3 16 1 20
- Informative materials 0 0 4 14 2 20
Helpful materials 0 1 6 13 0 20
Meets patient needs 0 0 4 13 3 20
® | Programme allows networking 0 0 2 11 7 20
E Networking is helpful 0 0 5 9 6 20
L Othe.r.orglanlsatlons influenced 1 7 ) 9 1 20

cc | participation

5 Advantage for organisation 0 1 2 12 5 20
O | National policy 1 2 5 10 2 20
Financial incentives 3 8 7 2 0 20
Organisational structure 2 4 8 5 1 20
Existing networks 0 0 3 11 5 19
. Climate for change 0 2 4 12 2 20
g 5 Implementation record 0 3 7 9 1 20
E % Tension for change 0 0 2 5 13 20
& = | Compatibility 0 1 7 8 4 20
e g Relative priority 0 1 2 9 8 20
% g Organisational incentives 3 6 8 3 0 20
- Organisational goal alignment 0 1 3 15 1 20
Leadership support 0 3 6 11 0 20
Organisational resources 0 6 8 6 0 20
Team belief for need 0 1 3 10 6 20
s Team efficacy 0 1 7 10 2 20
< | Team change climate 0 2 4 11 3 20
F | Team goals 0 1 6 10 3 20
Involvement in decisions 0 0 3 12 5 20
v | Knowledge of programme 0 0 1 15 4 20
< | Understanding 0 0 0 13 13 20
g Belief in effectiveness 0 1 4 11 4 20
0o | Positive feelings about change 0 0 3 12 5 20
Z | self-efficacy 0 1 8 11 0 20
Plan in place 0 1 4 13 2 20
Plan followed 0 2 4 11 1 18
Adjustments based on reports 1 6 7 4 0 18
ﬁ Adjustments based on local data 1 1 7 7 2 18
8 Feedback shared with team 1 0 4 14 1 20
& | Champion support 0 0 2 8 10 20
Key stakeholder engagement 0 1 4 13 2 20
Leaders aware-not involved 0 6 2 11 1 20
Influential people support 1 3 6 8 2 20
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5.3.3 The Programme

The opinion of the interviewees about the programme overall was largely positive.
Interviewees commented on several aspects of the programme itself that were
beneficial to them. One of the most important aspects was thought to be the ability to
compare themselves with peers, and this took the form of benchmarking and external
monitoring. These were considered critical facets of the intervention in and of
themselves, as external drivers to ensure improvement work was enacted. A surgeon
from Centre J commented that the programme added a stimulus “because you don't

want to go to the next meeting with nothing to show for yourself.”

Other surgeons commented that they found it useful to observe the progress of other
centres towards the implementation of the intervention. Interestingly, the idea of peer
comparison served as a lever for some participants to apply pressure on colleagues and
management within their centre to gain resources and drive change forward. A surgeon

from centre B mentioned:

“I think the peer comparison is a benefit as well because that allows us to go to Trusts

and say you know, this is where we need to be heading really.”

Some interviewees used the notion of being part of a large national quality improvement
programme — where they were explicitly being compared with others — to draw the

attention of management and the wider organisation to the programme:

“I think the fact that it's a national quality improvement program means that you will
get support within the organization, support within the department because when it's
raised at a national level, the degree of managerial support... it provides a drive to the

institution to get involved.” (surgeon, centre H)

Whilst external benchmarking and monitoring led to an air of overt comparison and
sometimes pressure to perform, the creation of a “Community of Practice” through the
collaborative meetings was valued for its collegiality and ability for interviewees to form
new connections with others working in the same field. Participants talked during their

interviews about the value of knowledge and experience being exchanged and being
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able to discuss problems and potential solutions with others who were facing similar
issues. Several participants talked about taking interventions that were trialled in other
centres and applying them to their own. A specialist nurse from Centre D stated that
changes implemented to improve that centre’s referral program were inspired from
knowledge gained elsewhere. Others talked about feeling reassured that they weren’t
the only ones struggling. A surgeon from Centre A put forward a positive opinion of the

community of practice:

“We certainly have very much enjoyed being part of the community who are trying to
improve things and coming along and listening in to the way that other people are
doing things. You always hear of different ways that may be appropriate for you as a
unit to deliver. So | think that's what's been good about it, you know, getting to know
other people and how they've been approaching the solution. So if nothing else, it's
that joint, sort of, approach and feeling that everybody is pulling towards the same
thing and that everybody's units have got similar problems, but people are just trying

to find novel ways of getting around those issues.”

The networking opportunities with colleagues from other organisations in the
programme, their help with implementation, and the organisational benefits from
participation in the programme were also supported by the good agreement with these

statements in the online survey (Figure 24, Table 30).

Interview questions also assessed opinion regarding the use and value of the four main
elements of the programme: the data collection process, performance reports,

quarterly meetings (online or in person) and online resources provided to all centres.

Data collection process

Participants felt that data collection on performance was important to inform and
understand baseline activity and to monitor progress. Many participants commented
about the fundamental importance of accurate data in order to be able to demonstrate
not only the problem but also its potential solution. A surgeon from Centre | said: “You
need the data to be able to demonstrate a problem and demonstrate a solution. The

data is vital, so the database is without doubt a vital component to it [the programme]”.
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Despite acknowledgement of the importance of high quality data, some interviewees
felt that data collection was time consuming and potentially cumbersome, often
requiring administrative staff to perform data entry tasks. When these staff were not

available, adherence problems often occurred:

“It's become a little bit more cumbersome, the data entry, and | know my outcome,
completing the thing now is pretty poor...I do not have a data handling band three

(staff) or something to do it for me.” (radiologist, centre C)

Some participants highlighted the potential impact of low case ascertainment and
unrepresentative data, and also the lack of clarity associated with some database items,

predisposing to the entry of erroneous data:

“Some of the things that have recently come on it are unclear. [...] | think it's subject
to a lot of confounders which might make the data a little patchy and because it's a

compulsory field, | have to put something in.” (radiologist, centre C)

Performance reports

The programme performance reports were considered helpful for monitoring and
benchmarking, alongside seeking resources from colleagues or funding from
management. The concrete nature of the information in the reports was useful,
especially as leverage when trying to obtain support to implement changes. A surgeon

from Centre K discussed this:

“I find the reports are a very useful thing to take to our management when we're
trying to get support for implementing changes.[...] Having the data in front of us in
black and white, you can't argue with that, can you? It's difficult to ignore it when it's
presented to you in a very graphical, easy to understand format, you can't argue, “Oh
no, we're doing all right, we just carry on with what we're doing”, when you can see
quite clearly we're not achieving the targets... It gives us some traction with pushing

our cases forward.”

However, some questioned the reliability of the reports due to the data collection and

quality issues, and the variability in centre progress along their Ql journey.
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“It's useful you sending the metrics to us, but | know that relies on how much
information you get from us, and | don't know if we're giving you enough information
at the moment, to be honest, for that to be accurate assessment of where we stand.
So it's been difficult to know how well or how badly we're doing frankly.” (radiologist,

centre F)

The dichotomy of opinions on the performance reports was also captured in the online
survey, where despite most respondents finding the reports and the data collection
system very useful (n=12, 60% and n=13, 65% respectively) or moderately useful (n=8,
40% and n=6, 30%) (Figure 25), not many agreed that they made adjustments to their

plans based on the reports; more did so based on locally collected data.

Quarterly collaborative meetings

The meetings were viewed as an opportunity to learn from others, share examples of
good practice and meet people with a similar mindset to discuss common challenges
and solutions. During the meetings, a representative from each centre delivered a
presentation on their progress and the changes they had implemented at their centre.
Supporting this positive view, the meetings were rated as very useful by 60% of the
survey respondents (n=12) and moderately useful by 35% (n=7), while one had not

attended. A surgeon from Centre F discussed the benefits of the meetings:

“It's definitely good, because you know, fair enough for me to sit down and think, “oh
I'm doing a fantastic job”, but | may not be doing a fantastic job, and somebody is
obviously already invented that and it would be good to see how different units are
addressing the issue, because it's almost as this classical saying that there are
different ways of skinning a cat, it can be opposing different ways to achieve the
target that you need...If we are trying to do something similar and they actually found

it not so helpful then there's no point in repeating the same thing.”

There was a general preference for in-person meetings, where participants had the
opportunity to talk informally or “behind the scenes and during lunch, share experiences

and share disasters as well”, as a surgeon from centre E stated. However, some
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participants preferred online meetings, because they did not have to travel or cancel

clinics or other work in order to find the time to attend.

The main criticism about the quarterly meetings pertained to the content becoming
repetitive, as some units were making slow progress, and therefore no news to share,
whilst others had established progress, which did not vary significantly between

meetings.

“I think some of the situations maybe don't move on as quickly as we would like and
therefore you get quite repetitive feedback from some centres. And | know some
centres are very well established and they don't particularly have much to add each

four months.” (surgeon, centre D)

Online resources

Few interview participants commented on the online resources and when asked directly
about them stated that they had not engaged with them. More information on the
usefulness of the online Ql resources was provided in the online survey, where this
element had the lowest rating, with 4 respondents not having used them, and the rest
being equally divided in finding them very useful (n=8) and moderately useful (n=8)

(Figure 25).

Quarterly Performance reports _
NVR data collection . _
Online Ql resources _ _
webinars [ o
0 5 10 15 20
H Not used M Not useful Moderately useful ~ m Very useful

Figure 25 — Usefulness of programme components
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5.3.4 The benefit for patients

A prominent theme in interviews with both high and low implementation centre
participants was the importance of the problem that the programme addressed for
patients, and therefore the existing “tension for change”. This is illustrated by the word
frequency map created from the interview transcripts (Figure 26). The participants and
their clinician colleagues agreed that the delays in treatment of patients with CLTI was
a “major problem” and they were committed to participate in this programme to
improve understanding and resolve the causes of delays. Participants also reported that
CLTI forms a large proportion of the vascular workload, but not enough time is invested

on it, so they were eager to change this.

“We all agreed that this was a problem that we had that was an important problem.
And it was a problem that we could identify some causes of or factors contributing to
and for many of those factors there was a fairly straightforward easily implementable

solution.” (surgeon, centre B)

“The decision to participate really is that we have an enormous workload of PVD
(peripheral vascular disease), and | think it's been underrepresented in what we do

and what we invest our time in.” (surgeon, centre H)

The focus on patient needs and how the interventions addressed them was central in
the argument for their uptake and was perceived as a facilitating factor. Participants felt
that “patients are waiting a very, very long time” (surgeon, centre E), therefore achieving
the target was “extremely important” from a patient perspective. They also believed
that the programme was beneficial for patients because “they have the opportunity to
be assessed, investigated and treated much more expectantly, [...] they get a better

service”, as a surgeon from centre B mentioned. Other members of the team concurred:

“The main thing why we wanted to get involved is to improve the pathway, to get the
patients seen, to get them treated, just to be recognized that this is a major problem,

that these patients are waiting for months.” (specialist nurse, centre D)
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“Yeah, | think from a patient perspective they are extremely important. Ideally every
patient in the country should be within that target, but unfortunately, as you're
aware, the NHS is where it is and we were never achieving this target, at least pre
COVID. [...] | think the most important thing that happened was a recognition, which
was there already amongst clinicians, that it is a no brainer that these are the patients

that require our input first.” (radiologist, centre B)

Participants, especially from the high implementation centres, also discussed the
relative advantages of the new interventions over previous approaches. The changes
were recognised by their colleagues and other stakeholders as “improvements to the
clinical service and the patients” (surgeon, centre A). The changes overall provided faster
access to assessment, imaging and treatment for patients, who were treated according
to their pathology and the evidence-base rather than the availability of resources.
Clinicians felt they were managing patients in a more open, efficient and
multidisciplinary way, which complied with national guidelines. For example, the urgent
one-stop clinic offered patients a complete workup on one visit, the daily MDTs provided
a space and time for effective, structured, succinct discussions and new online referral

systems allowed better monitoring of referrals.

The overall positive attitude of individuals towards the programme and the changes was
also indicated in the survey responses, with most respondents having good knowledge
of the programme, understanding why it was adopted in their organisation, being
involved in the decision-making process and having positive feelings about the changes

(Figure 24).

The beliefs of the team about the intervention and acceptance of the changes was an
important differentiating factor between high and low implementation centres, with
leads from low implementation centres having more difficulties convincing their
colleagues about the benefit of the intervention. A surgeon from low-implementation
centre K said: “Some of my colleagues are like, “I don't know why we're taking part

because we're not a leading centre” or whatever”.

Contrarily, in high implementation centres, even when some changes were inconvenient

or not compatible with previous ways of working, the team saw their benefit for the
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patients, and therefore the changes were easier to establish and sustain. Two surgeons

from high implementation centres illustrate this in their comments:

“I guess again, it's the initial thing of “is this more work for me?”, the concern about
being swamped, and then once you start getting into it, | think as long as you can
continue to see benefit for patients, people are prepared to go along with it” (surgeon,

centre H)

“it was a major problem, a major headache. So you provide a solution to a headache
which makes everybody’s life easier and they will embrace it. We got buy-in from all
our colleagues, even those who didn't really have much of an interest in lower limb.
When people started to realise the benefit, then it's very difficult not to agree to

partake.” (surgeon, centre |)

The findings from the online survey are concurrent with these views, as most
respondents agreed that there was a strong need for service changes to shorten time-
to-revascularisation (completely agree n=13, agree n=5), which was also understood by
colleagues and stakeholders (completely agree n=6, agree n=10), and that the new
practices were better than previous ones (completely agree n=6, agree n=15) (Table 30,

Figure 24).

Despite the overall relative advantage of the interventions, some negative aspects were
also mentioned by the interviewees, such as the lower number of patients seen in these
clinics, the reduction of elective slots (in exchange for the increase in urgent ones), and
the inconvenience that patients faced when they had to travel a long distance to the
arterial centre for the urgent clinic. It was also recognised that patients referred to
peripheral hospitals still waited much longer than the patients referred to the arterial

centre, due to the limited resources in terms of staffing and clinics at those hospitals.

“I think there's still mixed feelings across the department. | think there are some
Consultants who feel it's not a very good use of consultant time because in a morning
in a routine consultant clinic we would see more patients. So some colleagues are

more keen on it, other colleagues are less keen on it.” (surgeon, centre D)
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Finally, despite the positive aspects of the changes for patients and staff, some
participants expressed their uncertainty about the evidence supporting the
interventions and their effect on long-term patient outcomes, such as amputation rates.
Interestingly, the lack of evidence was only highlighted by high implementation centre
participants. Even though high quality evidence was lacking, there was clinical consensus
among the participants that the recommendations being implemented in practice were

reasonable. As a surgeon from centre E mentioned:

“I think that they are made-up timelines and they are very aspirational, but | totally
agree with them and we see in our units that patients that don't meet those timelines
actually have worse outcomes. | cannot really demonstrate it with numbers, but this
is what we're seeing and definitely this is the feel amongst all the colleagues in the

unit.”

“I think the evidence support for them is not great, but | think the evidence in
peripheral arterial disease generally is not great because it's such a heterogeneous
group of patients. But | think it accords with what most sensible vascular surgeons
would feel. This is a time sensitive disease and the time scales that were suggested in
terms of the 5 days and the 14 days | think were sensible. | think that we can't say
anything more than that, ‘cause we don't have the evidence to support it, but | think
most vascular surgeons would agree with that, and certainly | think they're

reasonable.” (surgeon, centre B)
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Figure 26 — Word cloud depicting the 100 most frequent stemmed words present in the
interview transcripts. It is a visual representation of word frequency, with more

frequently used words having larger font size.
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5.3.5 The role of the team

Team structure, team compatibility and networks within the organisation, as part of the
“Inner setting” domain of CFIR, were differentiating factors between high and low
implementation units, while teamwork and engagement with the process were viewed
as facilitating factors by all participants. The presence of a group of “like-minded
individuals working together” with a common goal was considered by many
interviewees as the main facilitating factor of the implementation process. This
collective buy-in to achieve common goals and priorities enabled the centre leads to

make changes without facing opposition and obstacles.

“You've got to believe as a unit that it's good for the patient. And if you accumulate
a critical mass, things will happen. If not everybody agrees this is a priority, if seven
of us think there are seven different priorities, nothing will get done. When you are
trying to bring change, you need all or at least a majority of your colleagues to feel
that this is important and this change will help the patient. It’s the thing about buying
into it. So | think having a core team working towards the same cause is always the
best way to get anything done. You cannot win on your own in the NHS.” (surgeon,

centre F)

“So | think having a team that was invested was the best thing and having a team
that's willing to all pool work and just to get it done I think is useful as well. Nobody
was saying “oh | have to do this bypass or | have to do that or I'm not doing this or

that”. Everyone was working together.” (surgeon, centre D)

The programme also aligned with the priorities of some vascular teams and was
compatible with work they were keen to do or were doing. According to a surgeon from

centre A:

“it was something that we were always keen to be involved with as it was rolled out
and have been keen to try and improve outcomes with lower limb revascularisation

anyway, so it was a natural thing for us to do”.
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The teams generally involved consultants, specialist nurses, ultrasound technicians,
managers and QI experts and expanded across both vascular and radiology
departments. The structure of the team and the level of participation of colleagues in
the decision-making and feedback varied between teams and strongly influenced the
success of implementation. In some centres, such as centre B, everyone contributed to
changes according to a surgeon, “the interventional radiologists secured same-day CTA
and MRA slots, vascular nurses agreed to staff the acute clinics, the ultrasound
technicians bought into it”. They describe the structure of the team and the involvement

of team members in more detail:

“We have a very good team in that it functions as a team here. So the team is formally
led by a clinical lead, but in practice most decisions are made collectively on the basis
of discussions, both formal and informal across the unit, and that includes with the
vascular nurse specialists and the IR teams. We don't have individual sort of silos. We
talk to each other, we bounce ideas off each other and we generally come to collective

agreements, and that's a feature of the team here.”

In other centres, two or three people led the change and others followed (top-down
approach), as others were enthusiastic but reluctant to take action. A surgeon from

centre A describes this approach:

“They're enthusiasts and are very good at rallying the troops, they're not so good at
the small detail. So they're very happy to be involved and they're very enthusiastic
about change and they're on board with the ideas that we've got, but actually
delivering it, effectively the group that we have in terms of bringing about most of the

change is a slightly top down group.”

Finally in a handful of low implementation centres no other team members were

involved in the planning and execution apart from the lead.

“I ought to have someone else on board with me, 'cause I'm the only one from [centre

name] that has ever attended those meetings.” (surgeon, centre J)
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There was also varied involvement of interventional radiology and other specialties,
such as diabetes specialists, anaesthetists and care of the elderly physicians. The nature
and quality of professional networks and communications between departments within
an organisation played an important role in the implementation efforts. Involvement of
interventional radiologists was crucial for the programme, because they were
responsible for treating patients with endovascular methods. If their support was not
gained, patients awaiting endovascular treatment faced longer delays compared to
patients awaiting open surgery, who were treated by vascular surgeons. Good
communication and collaboration with interventional radiologists was reported in most
of the high implementation centres, some of which had established close working
relationships prior to the start of the programme and “regarded the IR Consultants and
the nursing and support staff in IR as part of the team”, as a surgeon from centre B
stated. Others also supported the importance of this factor in facilitating the

implementation of changes.

“So the nice thing is that our relationship with IR was sorted and established way

before any of this has happened and we work as a team.” (surgeon, centre E)

“I think it's a having a core group of endovascularists, and | use that term specifically
in terms of endovascular surgeons and endovascular interventional radiologists.
Having a core group of collaborative colleagues, who are kind of trying to drive
through these changes, that's the biggest positive from this.[...] This is about us
collaborating and improving patient care pathways. That's historically where the
barriers have been. It's been a collaborative project, about how we can just try and

streamline these patients through a service.” (radiologist, centre F)

However, vascular leads in some centres had difficulty engaging IR colleagues in the
implementation effort. They attributed this to the different priorities of the radiology
department and the lack of time to engage with QI work due to high clinical workload.
The lack of support from IR hindered the implementation of changes considerably, with

four of the 5 centres that did not involve IR being in the low implementation group.

“So we have good colleagues in radiology, but their priorities are not necessarily the

same as ours” (surgeon, centre K)
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“I mean we’ve tried to encourage that here by ensuring the Radiologists understand
and are on board with what the ideas of the project are but they give it, shall | say, a
limited amount of headspace when they're trying to deal with everything else they've
got to deal with. | think that as a unit, if we could have got the radiologists to come
along and attend, that would have been better, you know. [...] (The Interventional
Radiologists) They've been very stretched so that they sort of see attending these kind
of things as luxury and that's the problem. And when you need a team approach that's

difficult.” (surgeon, centre A)

A radiologist from centre B ascribed this attitude to the fact that “many times there is
no sense of ownership on the interventional radiologists in order to deliver this short
timeframe” and that even though they understand its importance, they could not see

the benefit of participating in a program like this.

When there were differences of opinion or conflicting priorities within the team, it was
difficult to gain consensus and implement any change to the service delivery or ways of
working. In these centres, the main barrier to implementation was the lack of buy-in
from clinical groups, as every step was met with obstacles. Some centres managed to

overcome this, as a surgeon from centre C discussed:

“ With the urgent clinic slots, some people were slightly reluctant. Some people have
slightly different opinion, but everybody accepted it. [...] But getting everybody to
agree on a way forward was the most difficult thing. We've done that, but that was

the hardest thing probably. ”

However, some teams were unable to reach an agreement about changes to implement
and a way forward, as the issue of different approaches, personalities and priorities

could not be resolved.

“I think the main difficulty is currently gaining a consensus opinion from colleagues
that this should be a priority in the changes that we need to make within the unit.
We've found that across all other changes we're trying to introduce, everything seems
to be discussed, everyone thinks it's a good idea, then someone who thinks it's not a

good idea puts in a different... and round you go again. There's all these things on the
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agenda and month after month, and there are great ideas for improvement, but none

of them ever actually happen.” (surgeon, centre K)

This was associated with the culture within the team and individual characteristics of
team members. For example, the resistance to change by some team members led to

objections to interventions that impacted on people's ways of working.

“There's always, you know, | wouldn’t say brick walls, but certainly obstructions put
up to any form of change where people feel that their normal way of working is being
impacted. [...] So every single step was met with barriers in some shape or form,
whether or not it was just people being difficult, or whether or not it was significant
barriers to the way in which things were planned to be done, and each of those had
to be overcome. And people not wanting to participate, because it changes the way

in which they practice.” (surgeon, centre |)

It was not possible to capture the level of teamwork and the involvement of groups of
healthcare professionals in the implementation process in the online survey. In general,
there was strong agreement among the respondents that they were involved in the
decision-making process about the programme and that they had good working
relationships with other departments in their organisation (85% agreed with each
statement). However, the responses were more neutral regarding the reception of new
ideas by their team (team change climate) and the confidence of team members in their
ability to make changes (team efficacy), especially in low implementation centres (Figure

24).

5.3.6 Resources and organisational processes

The scarcity of resources was one of the main barriers to implementation of changes
according to participants and a differentiating factor between high and low
implementation centres. In addition to material resources, such as bed capacity, they
highlighted staffing issues in terms of vascular and interventional radiology Consultants
as well as radiographers, vascular specialist nurses and operating theatre nurses. The
shortage of imaging slots, operating theatre lists and interventional radiology lists

limited the ability of vascular teams to review, investigate and treat patients in a timely

186



manner. Some centres experienced a further reduction to their usual bed and operating
list capacity during the implementation period, due to the allocation of hospital beds to
medical specialties during the COVID-19 pandemic and due to relocation of the vascular

centre to a different hospital.

“With the best will in the world, if there's not the rooms available or if there's not the
interventional nurses to run the rooms, it doesn't matter that we know the target is
five days, if there's no one to actually do the procedures, we're kind of stuck.”

(surgeon, centre K)

The lack of time to engage with quality improvement work, collect data and review the

patient pathways was also mentioned as a significant barrier to change.

“Time. Aspirationally, we want to be doing things like participating fully in quality
improvement both locally and nationally, and it’s really important that you’ve got a
clinical lead who’s really engaged in it and helps deliver it. So that’s the most difficult
thing, is the pressure of time juggling those things. | think that’s the biggest barrier to

a lot of our change.” (surgeon, centre A)

Despite that, most of the high implementation units managed to obtain funding to
employ a CLTI pathway coordinator, while others achieved changes by reallocating
existing resources, utilising existing staff and clinic space, so the overall cost of the
interventions for the organisation was considered minimal. These views on cost were
also observed in the survey responses, where most participants disagreed with the
statement that the changes were associated with high costs for the organisation, with

only 2 participants agreeing.

The ability to find the necessary resources by repurposing existing funds or negotiating
with management for additional ones was one of the defining characteristics of the high

implementation units compared to the low implementation ones.

“We've just shuffled the cards. We haven't asked for any more resources, we're just
trying to use the resource that we've already got a bit more efficiently.” (surgeon,

centre C)
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The resource allocation was more challenging when the structure of the organisation
included multiple peripheral network hospitals and covered a large geographical area.
In these cases, participants admitted that the quality of care the patients received in
network hospitals was not as good as the main arterial centre, because there was not
enough clinical staff to cover frequent clinics at those sites and it was difficult to track
patients’ progress and their investigations remotely. Consequently patients had to wait
longer for an appointment in clinic. Most participants felt that they were unable to
address the problem of longer waiting times for peripheral sites during the

implementation of the programme, but this was included in their plans for the future.

To gain support and resources from management, the local leads stated that they
highlighted the national reach of the programme and the source of the intervention
being a professional society. However, the lack of financial incentives made it difficult to
gain more resources for the vascular services for the implementation of changes and

convince all stakeholders to engage.

“I think the only way that you can moderate behaviour of senior management is
through the financial targets and incentives. And a target such as a two-week wait or
four or five-day wait means nothing to them unless it comes with a financial penalty
for not meeting that target. [...] Yes, they don't want to be last in the whole country
but they're very happy to sit comfortably in the bottom third if they're not going to be

highlighted and picked out in the national press.” (surgeon, centre B)

The absence of financial incentives, organisational incentives and organisational
resources for the implementation of changes was also noted by the survey respondents,

as very few reported their presence (n=2, 3, and 6, respectively) (Figure 24).

Even though reducing delays to treatment for patients with CLTI was considered a
priority for clinicians, it was not always perceived as such but management teams. The
scarcity of available resources was often associated with the lack of organisational

leadership engagement and the overall implementation climate in the organisation.

Implementation leads sought support at different levels of the organisation. A small

number had discussions with senior management. As a surgeon from centre | suggested,
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“Getting money out of the NHS is difficult, there's no point talking to the junior
management, you may as well go straight to the senior management, you need to get
the Trust Board and the executives on board”. However, a low implementation centre
approached senior management to seek support and did not receive it. The interviewee
explained that the managers were busy with multiple items on the agenda, including
clinical issues that required immediate attention such as rota gaps, and there was no

progress with the quality improvement projects.

The majority of participants mentioned that they did not approach the senior
management and opted to gain approval for the changes at departmental or divisional
level. There were various reasons for this approach. Some felt that the Trust leaders

were already very busy dealing with requests from multiple departments:

“We're amongst a large group of people seeking support from them and you know,
it's a constant thing, it hasn't changed because of the PAD QIP. But in terms of the
issues that vascular surgery generally has to face, we've been pushing those for years.
Unfortunately, so is every other specialty and the management structure within the
Trusts are fielding all those issues and generally batting them away to you know, to

a... the To Do List basically.” (surgeon, centre B)

Another group felt that they had adequate support at departmental level, and did not

engage with senior leadership because they did not need to.

“I don’t see in my Trust there is managerial barriers to change, and | know which doors
to open to unblock things and we've done that, we've escalated where we needed to
escalate and we've got an absolutely fantastic divisional director in sort at managerial

level.” (surgeon, centre A)

This was often the case when vascular surgeons or vascular interventional radiologists
with aninterest in the programme occupied leadership positions within the department,
division or organisation, and therefore were able to approve the required funds and
resources. In these instances there was a favourable implementation climate, which was
perceived as helpful and not obstructive, and was a factor only discussed as facilitator

by high implementation centre representatives.
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“I think our immediate management are supportive. To put it this way, we haven't
had any resistance that we had to go to the senior management level at all. We
haven't encountered anybody stopping us from doing what we wanted to do and
that’s when we approach the senior team to say we need some more resources to do

it.” (surgeon, centre F)

Others did not approach senior managers because they thought that they would be

unhelpful, based on their previous experience, as described by a surgeon in centre C:

“Our current senior management is very hands off and doesn't engage much with us,

so the senior managers have been pretty hopeless.”

5.3.7 The polarising effect of COVID-19

The COVID-19 outbreak occurred a month before the implementation phase started,
therefore the programme was carried out during the pandemic period. This had
important implications for the centres, regarding the tension for change and
organisational priorities. The perception of the COVID-19 pandemic as a facilitator or
barrier perhaps depended on the light under which the changes were viewed. Some of
the high implementation centres aligned the purpose of the changes, which was to
reduce time from admission to procedure, with the overall efforts of the organisation to
minimise time patients spent in hospital. Others did not use that argument, and
therefore the aims of the programme were perceived as a competing priority, mainly in

low implementation centres. The two approaches are described in greater detail below.

Many participants stated that the pandemic was an opportunity to make changes, as it
created the need for interventions to minimise the time patients spent in hospital, which
aligned with the aims of the programme. Guidance issued during the pandemic
recommended that only patients with urgent conditions were admitted and operated
on, with elective work being deferred. CLTI is considered an urgent condition, so the
focus on acute care and the cancellation of elective work increased the availability of

resources, such as access to clinic and operating theatre for patients with CLTI.
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“Most of this was driven by COVID. So we were tasked at the start of the COVID
outbreak, with streamlining the care of acute patients so that we didn't have patients
in hospital for any longer than was necessary, and we concentrated on dealing with
patients who had threat to life and limb and put aside all elective surgeries. So we had
the opportunity as a result of COVID, to make some significant changes.” (surgeon,

centre B)

“COVID had mixed efforts. | know a lot of places were saying how little we did. We
actually were the biggest users of theatre, because our patients you can't really send
homes. So we were being prioritized for emergencies. It's had a massive effect on the
waiting list times for the non-acute patients, but we actually were getting a lot of the

acute stuff done.” (surgeon, centre G)

It also allowed clinicians to make decisions about the prioritisation of patients based on
best practice and patient clinical needs, not externally imposed performance targets.
For example, some centres introduced an urgent clinic or increased the frequency of
existing CLTI clinics. As a radiologist from centre B mentioned, “COVID gave us the liberty
as clinicians to decide what is good for our patients and also advise and take it forward”.
Additionally, in some centres the resource allocation from the Trust management for

the acute patients increased, in order to reduce the length of stay in hospital.

“Suddenly we had a directive from the Trust to clear the wards, reduce bed days, only
admit people who were true emergencies. But we would need more resources in order
to facilitate that, and lo and behold, they provided those resources. So COVID did have
benefit for us in terms of input, source allocation and expediting that resource
allocation. Things that would have taken us a lot longer to get permission or

agreement to do, were literally done overnight.” (surgeon, centre I)

Not involving middle management in the discussions during the COVID-19 period also
expedited the decision-making and implementation process, as “a lot of the middle
management were working from home and this facilitated the direct talk with higher
management and got things moving very quickly” according to a surgeon from centre E.
It also affected the attitude of healthcare professionals and other stakeholders towards

change, as during the pandemic people were more adaptable.
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“the biggest thing is that change happening quickly and sort of without having to
negotiate massively with lots of different people about how to do things differently.

And people were also prepared to do things differently.” (surgeon, centre A)

“We knew what we wanted and then actually it took COVID to drive some of this
change. [...] It took COVID to break down some of those silos that everyone works in.
I mean a lot of it has come back again, but we've got some of the things in place that

we wanted.” (surgeon, centre J)

However, others felt that the COVID-19 pandemic had an overall negative effect on
implementation efforts. This argument was supported by the reduction in bed capacity,
operating theatre and interventional radiology availability, and the loss of staff due to

sickness/self-isolation, redeployment and burnout.

“We have had to reduce the number of IR lists because of staffing. The number of
people self-isolating at various points has been prohibitive on running several lists in
parallel. [...] And then with the pandemic, people going off, people getting burnt

out...” (radiologist, centre C)

This was possibly associated with the varying restrictions to clinical work that NHS
organisations put in place during the pandemic. Some participants mentioned that the
theatre capacity increased due to cancellation of elective work (centre 1), while others

that it decreased (centre F).

“Lots of other vascular procedures or other non-urgent procedures, AAA and that sort
of things weren't being done, so the actual patients coming through for

vascularization were taking priority.” (surgeon, centre |)

“The negative is there is too much bed pressures all the time at the moment. The
theatres that are available to us are less. So the beds are always full, recovery is
always full, we have had to have cancellations a few times and obviously the waiting

list has gone up.” (surgeon, centre F)

Other reported effects of the pandemic included the lack of time to do Ql due to

competing priorities and loss of focus on implementation. As a radiologist from centre F
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mentioned “we had grand hopes to be able to focus on this and | suspect everybody is
saying the same thing in that obviously since COVID it's fallen by the wayside.” A surgeon

from centre K echoed this:

“I think it just took the focus off of all of the other pathways and all of the other
quality programs and all of the other changes we were trying to implement, and it's

been very hard. Because we totally lost focus.”

These competing priorities during the COVID-19 pandemic at organisational level also
limited the engagement of the Trust leadership with the programme, as they focused

on COVID-related issues and the constantly changing policies during the pandemic.

“I think also we need to try and escalate it to a wider audience within the Trust, and
that's difficult, because frankly their focus is elsewhere at the moment and we tend
to be left very much to our own devices in vascular. [...] At the moment their priority
is keeping COVID out of ITU and things like that, rather than actually trying to deal

with these sort of issues.” (surgeon, centre B)

5.3.8 Other themes
Individual self-efficacy and stage of change

Nine interviewees stated that they volunteered to participate in the programme
because they recognised the potential benefit for patients. The other 7 interviewees
mentioned that the role was delegated to them due to their prior interest in PAD or their

availability based on the distribution of departmental workload.

Some participants also mentioned that they felt they had not devoted enough time to
the implementation of changes and others expressed their disappointment about not
making changes due to factors beyond their control, such as the lack of resources, and

their frustration because their ideas were not materializing.

“It's got to a point that you can put a certain amount of effort in, but then it's

actually... what you need to happen isn't happening.” (surgeon, centre G)

“When | started | was all enthusiastic, and (a colleague) was like, in 18 months’ time,

you're going to be so fed up, because you're gonna realize all of your ideas aren't
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going to be checked, you're not going to institute anything, and so I've reached that

point” (surgeon, centre K)
Process planning and execution

While describing the process of making changes, some participants mentioned that the
change happened due to COVID without much planning, "it almost happened" (surgeon,
centre F), or through informal discussions, “really ad hoc” (surgeon, centre C), while
others held planning meetings with stakeholders to discuss about the changes. A
surgeon from centre A mentioned the importance of the interventions being
“sustainable and system-based”, while a participant from centre B highlighted the role

of the multidisciplinary team discussions:

“We had a multidisciplinary discussion about ways we could address our performance
and which of the QIF proposals were the most important, and which of the QIF
proposals we were falling down on. We identified the problems that we wish to solve

and potential ways to solve that problem. ” (surgeon, centre B)

To inform the decision-making process and identify areas that required improvement,
some centre leads conducted audits and reviewed their baseline performance prior to
making changes, while others did not follow a structured approach. A surgeon from

centre | described the process of using data to decide what changes to implement:

“So we looked at a group of CLTI patients coming through, where the delays were,
where the lack of what we would consider to be appropriate care, particularly that in
terms of investigation, amputation, and so forth, and with that data we effectively
figured out where we could have maximum impact with a certain amount of money

that we had.”

When plans had been put in place, some participants felt that they had addressed most

of the problems identified at the planning stage.

“We identified the problems which we thought were important, we put in short term
solutions where possible and long term solutions where short term solutions weren’t

possible, and have addressed the vast majority.” (surgeon, centre B)

Others mentioned that their plans had to be adapted to the COVID pandemic. Most

commonly a previously established CLTI clinic became a clinic for all urgent vascular
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pathology, because all other clinics were cancelled. Some interviewees also expressed
the importance of changing one thing at a time through a step-by-step process with

“little wins often”.

“We haven't tried to incorporate too many changes, we just want one thing at a time,

so we haven't faced much resistance.” (surgeon, centre F)

5.4 Discussion

This mixed methods study identified barriers and facilitators associated with the
implementation of the Peripheral Arterial Disease Quality Improvement Framework in
NHS-based vascular services. Facilitating factors associated with the Ql collaborative
included the concrete timeframes, external performance monitoring, peer comparison
and benchmarking, and involvement with a national programme which helped to obtain
resources to implement changes. Learning from others, adopting others’ ideas for
change and sharing experiences was also useful. Accurate data on performance were
considered essential for leveraging resources, but data entry was onerous and required

dedicated staff.

The main factors that were viewed by participants as facilitating change were: a) the
presence of supportive engaged “like-minded” colleagues and good inter-departmental
networks that facilitated teamwork, b) a common understanding of the size of the
problem (tension for change) and the patient benefit from addressing it, and c) the
approval of changes and resource (re-)allocation with managerial support. Conversely,
factors that hindered implementation were a) differing opinions about resource
allocation within the team due to conflicting organisational and departmental priorities
and individuals’ resistance to change, b) lack of organisational leadership support and c)

lack of resources (staffing, imaging and operating availability, bed capacity, time).

To our knowledge, this was the second quality improvement programme implemented
in the vascular surgery setting. The first was the Abdominal Aortic Aneurysm Quality
Improvement Programme (AAA QIP), a Ql Collaborative of 90 vascular centres in the UK,
delivered from 2010 to 2012, which aimed to reduce postoperative mortality following

elective AAA repair®>3. The programme achieved its goal and factors that affected its
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successful implementation included the active engagement of all key stakeholders and
opinion leaders (vascular surgeons, radiologists, vascular nurses, anaesthetists,
managers, patients), the organisational leadership support, the use of patient stories,
the importance of the problem and existence of agreed national standards, the provision
of data to attract additional organisational resources, and the role of collaborative
meetings for reporting progress and sharing outcomes. The current study builds on the
findings of the AAA QIP, by evaluating the factors that affected implementation using a
determinant framework and implementation science theory, and offers suggestions for

addressing barriers to improve future vascular Ql studies.

The PAD QIP followed the collaborative approach operationalised by the Institute of
Healthcare Improvement3!, which includes healthcare teams from multiple sites
supported by a group of experts, coming together to address a specific healthcare topic,
following a model for improvement that includes measurable aims and data collection
on performance, and engaging in structured activities that promote collaboration,
learning and sharing ideas and experiences®®. Participation in the QI Collaborative was
perceived as more beneficial than working alone to implement changes. Even though
this study did not evaluate the quantitative outcomes of the programme, there is
evidence that Ql collaboratives are effective in improving the processes they
address?®3%°, and may be more effective than centres attempting changes

individually*>44>,

The theory of change supporting Ql collaboratives is that more progress in the
implementation of changes is achieved with benchmarking and collaboration, whilst
forming a “community of practice” 2°*. This term was introduced by Wenger and refers
to a group of people with a shared goal or problem, interacting often and learning from
each other®®. Participants in our study found the interaction of professionals from
different organisations during collaborative meetings useful, reporting that it promoted
sharing of knowledge and experience under the guidance of an expert team, as in other
studies304382457.458  This phenomenon has been explained using transactive memory
systems theory, according to which “a group is more knowledgeable than an

individual”#*°. In this case, some centre leads had prior experience with implementing
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changes to improve the CLTI patient pathway, and the collaborative events offered an

opportunity for other participants to benefit from this.

Other elements of Ql collaboratives documented as valuable include the measurement
of baseline performance and feedback on progress to maintain motivation and seek
additional resources*? and sharing of performance among the teams that allows peer
comparison®’. Additionally, the legitimacy and national reach of the programme,
demonstrated by its endorsement by a national professional body (the Vascular Society

of Great Britain and Ireland), has also been reported as helpful in another study382.

This study also provides insight into how the context affected participants’
implementation. Context represents key elements of the environment in which an
intervention is being implemented, and includes physical, social and cultural attributes
of a clinical setting, such as leadership, organisational dynamics, resources,
collaboration, as well as attributes of the healthcare system?*43%6 A review of
implementation studies in secondary care found that context was the most important
factor affecting the success of implementation?®®, whilst the need to study how
“context-sensitive” an improvement intervention is and understand which contextual
factors affect improvement has also been highlighted3®>. A recent systematic review
identified that the most important organisational features that influence
implementation of evidence-based practices are: organisational culture, leadership,
champions, resources, collaborative networks, teamwork, communication, evaluation,
and feedback?®. These factors are interrelated in complex ways, and leadership is a
factors that influences the rest?®3, As the programme was implemented in 11 different
vascular units, we were able to focus on the effect of contextual factors on the
implementation process and its results, and discover how the participants perceived this
context through the interviews. The use of the CFIR framework for the design and
analysis of the study was beneficial in this respect, as it includes all the important factors

highlighted in the systematic review.

Firstly, organisational culture describes the overall attitude of an organisation towards
innovations, and can be manifested in various ways. Lengnick-Hall et al describes

organisations as “Incorporators”, those who make small changes to incorporate the
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intervention in existing practices, “Early investors”, those who make substantial changes
from the start and then maintain them, and “Learners”, organisations that make gradual
changes through a continuous process of evaluation and improvement*®?, In our study,
participants from high implementation centres reported a positive implementation
climate receptive to changes, that was linked with presence of supportive departmental

leadership and availability of resources.

The availability of resources in particular was mentioned by all participants and was
mostly described as a barrier, due to lack of materials, personnel and time. In some
centres, existing resources were re-allocated to the intervention, in others the teams
managed to obtain additional resources, while the remaining teams were unsuccessful
in finding the resources necessary to make changes. This is reflected in the literature,
where many studies have reported the importance of financial resources and sufficient
staffing levels with low turnover for the implementation process?34°8462_ Staffing was
particularly challenging in our study, due to redeployment and staff sickness during the
COVID-pandemic. This staffing crisis led one of the centres to revert the changes they
had put in place and played a detrimental role in the morale of the implementation

team.

One of the resources discussed infrequently was the lead clinician time. Even though
dedicated time for the local Ql lead was highlighted as an important factor for success
in other QI programmes?83382 this was not brought up extensively in the interviews with

leads from our participating centres.

On the other hand, all participants discussed leadership engagement with the
programme. Reports on the influence of leadership in the success of Ql collaboratives
have been mixed. Most studies indicate a positive relationship between implementation
of changes and transformational leadership style or leadership support?83304463 The
transformational leadership style is characterised by appreciation of other’s efforts,
acceptance of different perspectives, inspirational motivation, and positive influence
and promotes a supportive learning culture in the organisation, which is conducive for
quality improvement and implementation of innovations*®*. Despite this, recent multi-

organisation QI collaboratives have highlighted the lack of engagement of senior
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organisational leadership as a common problem for local leads to overcome*°%46>,
Similarly, hospital executive involvement was limited and with mixed effects in our
study. In most centres the programme was discussed with departmental directors and
managers but not NHS Trust leaders, as the participants either did not feel they would
receive support or they were content with the support they received at departmental

level.

Indeed the advantages of involving middle managers, sometimes referred to as first-
level leaders, in QI initiatives have recently become apparent?63466-468 |t has been
purported that middle managers can act as “information brokers” between frontline
staff and senior leaders, through securing top-level support for grassroots initiatives and
encouraging clinicians to add Ql projects to their workload?*®®. They can also affect the
implementation climate within a department and release much needed resources for Ql
projects?74%9 Middle managers were supportive of the programme in the majority of
high implementation centres and approved the changes proposed by the clinical staff.
The centre leads did not expand on how they gained support from middle managers,
but research indicates that availability of resources, stakeholder buy-in, organisational

fit and patient benefit are elements that affect their decision to support innovations?¢2,

In surgical Ql collaboratives in particular, stakeholder engagement outside the
immediate surgical team is essential, as changes may need to be implemented to
increase capacity in parts of the patient pathway that are not under the control of the
surgical leads, such as access to imaging or theatre sessions38. To gain this stakeholder
support requires shared understanding of the importance of the problem, and when
absent, it is associated with low implementation success, as was shown in our study, and

supported by others?6:382,

A major barrier to stakeholder support is the differing roles, priorities and
accountabilities of professional groups, which may be related to a lack of understanding
of the need for the intervention?®. For example, a qualitative study exploring the
barriers to the implementation of changes related to allied health managers’ attitude to
change found that they consider local data more influential than external evidence, the

quality and applicability of which in their specific context is unclear, and show resistance
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to change based on beliefs that change is difficult, avoidance of complaints and wish to

maintain the status quo?’®

. Similarly in our study, participants mentioned that
addressing the delays to treatment for CLTI patients was not considered a priority for

some management teams, despite pressure by the clinicians.

Additionally, we identified the important influence of teamwork on implementation
efforts, which participants highlighted as a factor that facilitated change when present,
and hindered change when absent. In the first systematic review of determinants of
success in Ql collaboratives, teamwork was found to be one of the few factors that
increased short-term success, with teams that worked well together being more
successful®*, supporting the findings of our study. Elements that represent good
teamwork include clear and effective communication, good working relationships and
the ability to solve problems together, and are especially important for projects that
require the involvement of multidisciplinary teams?®3. We also found that team size and
composition differed between high and low implementation centres, with similar
findings reported before. The AAA QIP recommended that teams should consist of at
least 3 members*3 while a curvilinear effect of team size on success has been

demonstrated, with larger teams having a positive effect up to a point*’2.

The beliefs and attitudes of the team members towards the intervention were also
important. The perceived effect of the intervention on everyday workload, the
additional demands arising from it and the disruption in the usual ways of working have
been found to influence implementation success*2. In this study, implementation leads
introduced some changes by showing the patient benefit that derived from them. This

justification was sufficient to overcome resistance to change from colleagues.

The social, economic and political environment of implementation, known as the “outer
setting”, is also important. This setting includes guidelines and professional standards,
inter-organisational networks, funding, external laws and policies, local infrastructure
and the target population?®?, but is seldom studied in depth in QI studies. However, the
PAD QIP was implemented during the COVID-19 pandemic, which was perhaps one of
the most influential factors in this study3®’. The pandemic had a widespread effect on

the healthcare system, as it shifted the organisational priorities and altered the clinical
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work of the participants!!*3#, In our study, the effect of the pandemic on the
implementation was mixed. Some centre leads aligned the pathway redesign with the
overall efforts of managers to minimise patients’ time in hospital, and therefore gained
resources and permission to proceed, while others struggled to make changes due to
competing organisational priorities and limited engagement of Trust leadership with any
issue that was not related to the pandemic. The pandemic-associated demand for
service change and absence of “red tape” described by the interviewees has been
reported previously by Swaithes et al, who explains the increased flexibility of
healthcare organisations to accommodate change and increased capacity to adopt new
knowledge observed during the pandemic through the absorptive capacity theory4’2.
This critical situation reduced clinicians’ resistance to change, increased the public’s
willingness to accept it, and encouraged decision-makers to make radical decisions due
to the need to adapt to new circumstances*’3, thus facilitating implementation of novel
ideas*’2474, The rise of digital technologies through investment and allocation of

472 and was also observed in one of our sites, where virtual

resources is such an example
clinics were set up as a novel way to keep patients under observation out of hospital. It
is worth noting that most of the PAD QIP participating centres made changes during and
despite the pandemic, whereas in an implementation study in Canada conducted during

the same period only one centre continued implementation during that period*’>.

The other outer setting factor mentioned by the participants as a barrier to
implementation was the lack of financial incentives at national level, which limited the
engagement of managers and organisational leaders. This finding is supported by
studies that identified a relationship between fiscal investment and policies and the
adoption of evidence-based practice in mental health in the US*’®. In April 2022, just
before the end of the implementation period, a pay-for-performance scheme was
introduced by NHS England with the same target as the programme?*’’, offering financial
incentives to NHS organisations to achieve improvement, and its effect should be

explored in further studies.

Finally, other implementation and QI studies suggest that the evidence supporting the
proposed intervention is important for the success of the programme. In our field, there
was no concrete evidence to support our hypothesis that treating patients within 5 days

201



from admission would lead to improved patient outcomes. This uncertainty was brought
up during the interviews, but there was clinical consensus among participants that the

target was reasonable and the rationale for choosing it was clear.
Limitations

This study has several limitations. Firstly, the sample size was relatively small, but there
was representation from all centres participating in the programme, and no new
inductive codes emerged after the first three transcripts were coded. Secondly, due to
the limited time and human resources, the interview transcripts were coded by a single
researcher (PB), and 20% were also reviewed by a supervisor with qualitative
background (LS), to ensure that important themes were not missed. Additionally, due to
the variety of contexts that our programme would be implemented in and lack of
knowledge on what barriers we might face, our implementation strategy was not
designed to address specific contextual determinants of implementation. Finally, we
were unable to explore some factors that have been found to influence implementation
in other studies, due to the limited interview time. Longer study interviews would have
been difficult due to the busy schedule of the participating healthcare professionals,
therefore interview question topics were selective. Future studies are needed to
investigate these factors, as well as factors that were absent from the study, such as the
facilitation of the implementation by improvement experts. It was not possible to
consult with Ql experts in this study due to funding constraints, but they have been

important for improvement in previous studies*€°,
Conclusions

This study explored contextual factors that influenced the implementation of a Ql
intervention in the UK vascular surgery setting, using qualitative and quantitative
methods. The peer comparison and sharing of good practice during the Programme, its
focus on patient benefit, the presence of supportive teams and the availability of
organisational resources were considered important factors that encouraged the
implementation of changes in vascular centres, while the COVID-19 pandemic had a
mixed effect. Future studies in this field should retain the elements of benchmarking,

peer comparison and networking in their implementation strategy. Additionally, future
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Ql programmes and implementation studies in vascular surgery should ensure the
availability of support from organisational leaders and middle managers, dedicated time
of lead clinicians for quality improvement, and participation of a multidisciplinary team
of professionals prior to implementation. Finally, more research should be conducted to
reveal other contextual factors that may influence implementation in the vascular

surgery setting, and how tailored implementation approaches may address them.

203



Chapter 6. The effect of the COVID-19 pandemic on lower limb

vascular procedures for patients with PAD in the UK
6.1 Introduction

In March 2020, the World Health Organisation declared a global pandemic in response
to the spread of coronavirus SARS-CoV-23%7. The pandemic had a significant impact on
the delivery of surgical services worldwide, due to the limited access to critical care and
operating facilities as well as staff redeployment. In the UK, a national lockdown was
implemented from March to June 2020, followed by two additional lockdowns between
November 2020 and February 2021388, in response to the emergence of a new SARS-
CoV-2 variant. For vascular surgery, the NHS in England and the VSGBI issued guidance
recommending the deferral of elective surgery and consideration of therapeutic options
with minimal need for postoperative critical care for emergency procedures, in order to
preserve healthcare resources and reduce patient exposure to hospital®®°. The American
College of Surgeons published similar recommendations regarding the review and

postponement of elective procedures’8,

Changes in the provision of vascular services in response to the pandemic have been
documented through surveys of healthcare professionals and institutional
reviews!'43%0479  OQutcomes such as postoperative complications and mortality after
vascular interventions during the COVID-19 pandemic have also been explored in the
COvid-19 Vascular sERvice (COVER) Tier 2 multicentre study*®, the COVID-VAS study*8!
as well as other single centre and registry studies*¥>=8, However, most studies had a
small sample of patients and focused on the first wave of the pandemic that started in

March 2020, and did not extend to late 2020 and 2021.

The aim of this study was to examine patterns of care and short-term outcomes of lower
limb vascular procedures performed in the UK during the pandemic, compared to the

pre-pandemic period.
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6.2 Methods

This population-based cohort study used data submitted prospectively in the NVR, a
national clinical audit collecting demographic and clinical information on five major
vascular procedures (abdominal aortic aneurysms, carotid endarterectomies, lower limb
bypasses/endarterectomies, angioplasties and major amputations) undertaken within
NHS hospitals in the UK3”1. The NVR captures 81% of open surgical revascularisations,
49% of endovascular revascularisations and 88% of major amputations in the UK*®, The
study involved secondary analysis of existing pseudo-anonymised data and therefore
was exempt from NHS Ethics Committee approval. Results are presented in accordance
with the RECORD extension of the STROBE statement for observational cohort

studies312.

6.2.1 Study population

The study cohort comprised of adult patients who underwent lower limb open or
endovascular revascularisation or major amputation procedures, performed in NHS
hospitals between 1 January 2019 and 30 April 2021. Open surgical revascularisation
procedures consisted of lower limb bypasses and endarterectomies with or without an
endovascular component (hybrid), and endovascular procedures included balloon
angioplasties with or without stent. If multiple procedures were performed on different
dates during a single hospital admission, the first procedure was analysed as the index
procedure, and the subsequent procedures were considered re-interventions. Patient
records were excluded if data were missing on key variables (age, comorbidities,

smoking status, indication for surgery and procedure details).

6.2.2 Patient characteristics

The NVR dataset contained demographic (patient age at surgery, gender, comorbidities,
smoking status) and clinical information (indication for intervention, Fontaine score,
date of admission, admission method, date and type of intervention, anaesthetic type),
as well as postoperative in-hospital patient outcomes. Information on comorbidities
included the presence of diabetes mellitus, chronic obstructive pulmonary disease

(COPD), ischemic heart disease (IHD), chronic heart failure (CHF), CKD and stroke. It also
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included the patient’s SARS-CoV-2 status (positive polymerase chain reaction (PCR) or
lateral flow test pre-operatively or post-operatively, COVID-19 symptoms, which were
added as data items in April 2020). Patients were considered to have SARS-CoV-2
infection if they had a positive test at any point during the admission or a clinical

diagnosis was made based on COVID-19 symptomes.

Indications for intervention included chronic limb ischaemia, acute limb ischaemia,
uncontrolled infection, trauma and aneurysm. Chronic limb ischaemia (CLI) was further
divided into moderate (Fontaine | and ll), if the patient was asymptomatic or had
intermittent claudication, and severe (Fontaine Ill and 1V), if the patient had rest pain or
tissue loss. The type of anaesthetic was categorised as general or locoregional (including

blocks).

6.2.3 Outcomes

The primary outcome was in-hospital mortality after a vascular lower-limb procedure.
The secondary outcomes were respiratory, cardiac, renal and cerebrovascular
complications, postoperative limb ischaemia and re-interventions (angioplasty, bypass,

major amputation, minor amputation).

6.2.4 Statistical analysis

The study was based on a complete case analysis. Revascularisation procedures with
open and endovascular elements (hybrid) were analysed as open surgical procedures.
Revascularisation procedures were also split into elective and non-elective; major
amputations were treated as one group. Changes over time were examined by dividing
the time period into pre-pandemic (1 Jan 2019 — 29 Feb 2020) and pandemic sections (1
March 2020 — 30 April 2021) with the pandemic section consisting of three segments:
Wave 1 (1 March — 30 June 2020), Respite (1 Jul — 30 Oct 2020), Wave 2/3 (1 Nov 2020

—30 April 2021). Patterns over time were inspected graphically using smoothing splines.

Continuous variables were summarised using the median and IQR, and categorical
variables using frequencies and proportions. To test the significance of changes over
time, the Pearson’s chi square test was used for categorical variables and the Mann-

Whitney U test for continuous variables. Poisson regression and logistic regression were
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used to evaluate differences in procedure volume across time periods and differences
in the proportion of procedures performed under general anaesthetic, respectively.
Logistic regression was also used to evaluate differences in patient characteristics,

mortality and complications across time periods.

Four multivariable logistic regression models were developed to estimate the impact of
SARS-CoV-2 infection and other demographic and clinical characteristics on in-hospital
postoperative mortality. The first model included only the time period when the
procedure was performed. The second incorporated the procedure type, anaesthetic
type and indication for surgery in addition to the time period. The third model included
the previous variables as well as patient age, gender and comorbidities (diabetes
mellitus, COPD, IHD, CHF, CKD). The perioperative SARS-CoV-2 status was added as an
explanatory variable in the final model, in addition to all the previously included
variables. All statistical tests were two-sided and a P-value of <.05 was considered
statistically significant. All analyses were performed using STATA 15.1 (StataCorp,
College Station, Texas, USA).

6.3 Results

The inclusion criteria were fulfilled by 37,393 procedures performed during the study
period and 455 were excluded due to missing data on key variables (age, comorbidities,
smoking status, indication for surgery and procedure details). The study analysed
information on 36,938 lower limb procedures, comprising of 7,245 (19.6%) major
amputations, 16,712 (45.3%) endovascular and 12,981 (35.1%) open surgical

revascularisations.

6.3.1 Procedures in each time period

There were 15,501 procedures performed during the 14 months of the pandemic
(March 2020-April 2021) compared to 21,437 in the 14 months pre-pandemic (January
2019-February 2020), representing a 27.7% reduction in total procedures. The mix of
lower limb vascular procedures performed during the pandemic was significantly
different compared to the previous year (p<0.001) (Figure 27). There was a decrease in

all procedures including major amputations, especially during the peaks of the pandemic
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(Wave 1, Wave 2/3) and this reduction was largest for elective revascularisation

procedures (Table 31).
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Figure 27 — Weekly volumes of procedures performed from January 2019 to April 2021
by admission method and procedure type (scatterplot) with a smoothed regression

line (green line)
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Table 31 — Monthly average procedural volume, proportion of procedures performed

under general anaesthetic and proportion of patients with suspected or confirmed

SARS-CoV-2 infection by type and time period of procedure, as observed and relative

(Rel) to 2019 pre-pandemic figures

Number of procedures

(monthly average)

General anaesthetic (%)

SARS-CoV-2
infection (%)

=) 24
£ L (] Q £ 2 3
s o £ 8|8 T £ & |3 £«
Procedure S 2 > S| 8§ =& @ S |15 ¢ &
& = g 3|8 = g8 s (2 & &
a a.
, Observed 270 273 276 213* | 71.2 64.3* 67.0* 66.5* [10.5 5.8 14.2
Major
amputation .45 2019 101.1 102.2 789 903 941 934
Elective Observed 334 160* 264* 181* | 86.2 81.1* 81.9* 83.3* |23 09 1.9
bypass Rel to 2019 479 790 54.2 941 950 96.6
Non-elective OPserved 207 184 209 176* | 88.9 83.8* 85.8* 85.5* |6.2 25 8.0
bypass Rel to 2019 88.9 101.0 85.0 943 965 96.2
Elective Observed 512 295*% 348* 288*| 60 62 65 67 |06 03 1.0
endovascular g 15 5019 57.6 68.0 56.3 103.3 108.3 111.7
Non-elective Observed 208 160* 180* 162* | 103 9.9 107 13.1* |59 22 7.0
endovascular ¢o 15 5019 769 865 77.9 96.1 103.9 127.2

* Statistically significantly different (p-value<0.05) compared to pre-pandemic period.
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6.3.2 Did the characteristics of patients having procedures change?

The indication for surgery across the four revascularisation procedures is summarised in
Figure 28. Among patients who had a major amputation or non-elective
revascularisation, the distribution of the indications did not change during the three
pandemic time periods, compared to the distribution observed in 2019. However, there
was a distinct change in the pattern among the patients who had elective
revascularisation, with a dramatic drop in the number of procedures performed for
Fontaine | or Il disease (p<0.001). The number of patients treated for trauma, aneurysms

and infection remained stable over time.

Patient and procedure characteristics stratified by time period and procedure type are
summarised in Table 32. A significantly higher proportion of patients who underwent
elective endovascular revascularisation during the pandemic had diabetes (p<0.001),

COPD (p=0.024), CHF (p<0.001) and CKD (p<0.001), compared to the pre-pandemic

period.
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Figure 28 — Monthly average number of procedures by indication for surgery in each

time period by procedure type. CLI: Chronic Limb Ischaemia
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Table 32 — Patient characteristics by type and time period of procedure

Major amputation

Pre-pandemic Wave 1 Respite Wave 2/3
n 3,776 1,091 1,102 1,276
Age—vy 69 (60-77) 68 (59-77) 68 (59-76) 69 (60-76)
Men 72.9 72.5 72.7 74.2
Diabetes 56.2 57.2 53.4 54.2
COPD 23.2 22.8 23.5 25.7
IHD 39.8 37.1 37.4 37.3
CHF 124 12.4 12.0 11.9
CKD 21.3 204 21.1 19.0
Current smoker 31.7 32.7 35.2* 35.9*
Elective bypass Non-elective bypass
Pre- . Pre- :

pandemic Wavel Respite Wave 2/3 pandemic Wavel Respite Wave2/3
n 4,672 639 1,054 1,087 2,901 734 836 1,058
Age—-vy 69(62-76) 70 (62-76) 69 (61-75) 70 (62-75) 71 (62-77) 69 (61-77) 69 (60-76) 70 (61-77)
Men 74.5 75.0 77.3 73.1 72.4 73.6 70.5 70.3
Diabetes 33.9 38.0* 36.2 34.2 39.3 40.3 40.7 40.5
COPD 24.3 27.5 25.2 254 254 28.6 27.0 26.3
IHD 34.9 33.3 343 31.9 34.9 37.6 354 31.0%*
CHF 5.8 5.5 5.7 5.2 8.0 7.8 8.4 7.3
CKD 9.4 11.4 9.4 10.5 12.2 10.5 12.1 11.2
E:EES: 314  36.0* 33.3 37.0* 40.4 43.9 44.9*  456*

Elective endovascular Non-elective endovascular

pa:c::nic Wavel Respite Wave 2/3 pa:c::;nic Wavel Respite Wave 2/3
n 7,170 1,178 1,392 1,728 2,918 638 719 969
Age-y 71(63-78) 72 (63-80) 72 (64-79) 72 (64-79) 72 (64-80) 72 (63-80) 72 (63-80) 71 (63-80)
Men 67.4 68.7 66.8 69.2 67.7 69.1 67.5 67.8
Diabetes 44.1 53.4% 48.8* 48.3* 63.6 65.7 65.9 61.3
COPD 16.8 17.7 19.0 19.6* 19.5 18.8 17.5 19.2
IHD 30.3 294 33.1* 30.9 34.6 30.7 324 31.2
CHF 6.5 8.4* 8.3* 9.8% 12.1 12.4 135 11.6
CKD 12.5 16.0* 17.4* 15.6* 23.3 27.0 26.8%* 23.0
E;ZEZ: 26.7 25.6 27.4 26.4 24.9 248 210 26.0

Data on comorbidities, gender and smoking are presented as percentages, and age as
median (IQR).

* Statistically significantly different (p-value<0.05) compared to pre-pandemic period.
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There was also a significant increase in the proportion of current smokers undergoing
amputation (34.7% during the pandemic vs. 31.7% pre-pandemic, p=0.007), elective
(35.4% vs 31.4%, p<0.001) and non-elective (44.9% vs. 40.4%, p=0.001) open surgical

revascularisation.

6.3.3 Was there a change in the type of anaesthetic used during the pandemic?

The proportion of amputation procedures performed under general anaesthetic was
66.0% during the pandemic compared with 71.2% in the pre-pandemic period (p<0.001).
This reduction was also observed in elective (82.2% vs. 86.2%, p<0.001) and non-elective
(85.1% vs. 88.9%, p<0.001) open surgical revascularisation procedures. There was no
change in the anaesthetic type for endovascular procedures, which were mostly

performed without general anaesthetic (Table 31).

6.3.4 How many patients were reported as having SARS-CoV-2 infection?

Only a small proportion of patients who had vascular procedures had suspected or
confirmed SARS-CoV-2 infection during their admission (4.6%, n=708). The rate of SARS-
CoV-2 infection for procedures performed during the pandemic was highest for patients
having amputation (9.1%, n=361), followed by non-elective bypass (5.1%, n=152) and
non-elective endovascular revascularisation (4.7%, n=122), while it was less than 1% for
elective revascularisation procedures. The infection rate was higher in the Wave 2/3

period compared to Wave 1 (Table 31).

6.3.5 Did the time that patients spent in hospital change?

The median time from admission to procedure was shorter by 1 day during the
pandemic compared to the pre-pandemic period for amputations (3 vs 4 days, p<0.001)
and non-elective open surgical (3 vs 4 days, p<0.001) and endovascular (4 vs 5 days,

p=0.010) revascularisation procedures.

Median length of stay was also significantly shorter during the pandemic for
amputations (18 vs 22 days pre-pandemic, p<0.001), non-elective open surgical
revascularisation (12.5 vs 15 days pre-pandemic, p<0.001) and endovascular

revascularisation (11 days vs 12 days pre-pandemic, p=0.013).
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6.3.6 Complications and re-interventions

There was a statistically significant increase in respiratory complications after
amputation and non-elective revascularisation procedures during the periods of Wave
1 and Wave 2/3, while a change was not observed after elective procedures (Table 33).
Additionally, rates of cardiac and renal complications, and stroke remained stable during
the pandemic for all procedures. However, a significant increase in limb ischaemia
complications after elective open and non-elective endovascular revascularisation was

found during the 2" and 3™ Wave of the pandemic (Table 34).

Regarding re-interventions after the primary procedure during an admission, bypass and
major amputation rates following elective open revascularisation were significantly
increased compared to the pre-pandemic period, but not following other types of
revascularisation procedures. There was a significant increase in the proportion of
elective and non-elective open surgical procedures that were followed by an unplanned
angioplasty during the 2" and 3™ Wave compared to the pre-pandemic period (Table

34).

6.3.7 In-hospital postoperative mortality

The in-hospital mortality rates after elective open and endovascular revascularisation
were 1.6% and 0.9% overall during the pandemic period, and were slightly higher than
observed in the pre-pandemic period (1.6% vs 1.1%, p=0.033; and 0.9% vs 0.5%,
p=0.005; respectively). Figure 29 illustrates that the increase in mortality was associated
with the COVID waves. For elective open revascularisation procedures, the mortality
rate doubled during the first months of the pandemic, while for non-elective a significant
increase in mortality was observed during the Wave 2/3 period (Table 33). In-hospital
mortality after major amputations was also greatest during the Wave 2/3 period,
reaching 10.4% (95% ClI 8.8-12.2) compared to 7.7% (95% Cl 6.9-8.6) in the pre-pandemic
period (p=0.022) (Table 33). Postoperative mortality did not change significantly after
endovascular non-elective revascularisation procedures, while a significant increase in

elective mortality was observed during the peaks of the pandemic.
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Table 33 — In-hospital mortality rate and rate of respiratory complications by type and

time period of procedure

Pre-

In-hospital mortality (%, 95% Cl)

Procedure . Wave 1 Respite Wave 2/3
pandemic

Amputation 7.7 (6.9-8.6) 7.8 (6.3-9.5) 8.1(6.59.8)  10.4(8.8-12.2)*
Elective bypass 1.1(0.81.4)  2.0(1.135*  1.9(1.2-2.9)* 1.1(0.6-1.9)
Non-electi

on-elective 4.2 (3.5-5.0) 4.4 (3.0-6.1) 5.1(3.7-6.9) 6.0 (4.6-7.6)*
bypass
Electi

ective 05(0.3-0.7)  1.1(0.6-1.9)*  0.6(0.3-1.2) 1.0 (0.6-1.6)*
endovascular
Non-elective 4.2 (3.5-5.0) 5.5 (3.9-7.5) 4.5 (3.1-6.2) 5.7 (4.3-7.3)
endovascular

Respiratory complication rate (%, 95% Cl)
Pre- .
. Wave 1 Respite Wave 2/3
pandemic

Amputation 8.6(7.79.5)  11.3(9.5-13.3)*  7.1(5.6-8.8)  11.9(10.2-13.8)*
Elective bypass 2.9 (2.4-3.4) 4.1(2.7-5.9) 2.6 (1.7-3.7) 1.9 (1.2-2.9)
Non-elective 5.1(4.4-60)  83(6.4-105*  5.0(3.6-6.7) 7.8 (6.2-9.5)*
bypass
Elective 02(0.1-0.3)  0.6(0.2-1.2)*  0.4(0.1-0.8) 0.4 (0.2-0.8)
endovascular
Non-elective 32(2.53.9)  58(4.17.9)*%  2.1(1.2-3.4) 5.5 (4.1-7.1)*

endovascular

* Statistically significantly different (p-value<0.05) compared to pre-pandemic period.
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Table 34 — Complications and re-interventions by type and time period of procedure

Major amputation

Pre-pandemic Wave 1 Respite Wave 2/3
Complications
Cardiac 5.6 3.8* 4.2% 4.9
Stroke 0.6 0.5 0.6 0.5
Renal 3.4 2.7 2.5 3.1
Limb ischaemia 3.0 2.0 2.9 3.1
Re-interventions
Bypass 0.5 0.2 0.4 0.5
Angioplasty 0.7 0.8 1.0 0.5
Major amputation 4.9 2.8% 6.2 4.5
Minor amputation 0.2 0.1 0.3 0.1
Elective bypass Non-elective bypass
pa:t;;nic Wave 1 Respite V\;:—/n;e pa:(;z;nic Wave 1 Respite “Z;e
Complications
Cardiac 2.2 2.5 2.3 2.1 4.9 3.1% 4.4 4.5
Stroke 0.3 0.3 0.3 0.5 0.4 1.0 0.7 0.4
Renal 1.2 1.1 0.8 1.0 2.7 2.2 2.2 2.1
Limb ischaemia 2.9 3.8 3.7 4.1* 9.0 8.4 8.4 8.6
Re-interventions
Bypass 1.3 2.0 2.7*  2.3%* 3.4 2.6 3.8 3.0
Angioplasty 1.2 1.1 1.2 2.8* 2.0 1.6 2.2 4.0*
Major amputation 1.0 2.3% 13 1.0 7.2 7.5 6.9 5.7
Minor amputation 0.9 1.4 1.6 1.0 4.8 3.8 4.3 4.4
Elective endovascular Non-elective endovascular
pa:;:%ic Wave 1 Respite ‘AZ;e par::nic Wave 1 Respite V\Z\?:e
Complications
Cardiac 0.3 0.6 0.3 0.3 1.5 1.4 1.3 1.9
Stroke 0.0 0.1 0.0 0.1 0.2 0.3 0.3 0.2
Renal 0.2 0.3 0.1 0.1 1.2 0.9 14 1.0
Limb ischaemia 0.4 0.4 0.9* 0.3 33 5.5% 4.5 5.3*
Re-interventions
Bypass 0.7 0.3 0.6 1.1 3.5 3.0 3.6 4.0
Angioplasty 1.1 1.5 1.9* 1.1 4.3 6.1 4.3 3.6
Major amputation 0.5 0.8 0.9 0.5 6.0 6.9 5.7 6.0
Minor amputation 0.7 1.4* 0.9 0.8 6.8 6.6 5.6 7.1

Data are presented as percentages.

* Statistically significantly different (p-value<0.05) compared to pre-pandemic period.
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Figure 29 — Weekly average in-hospital mortality over time from October 2019 to April
2021 by procedure type (light green dots), with a smoothed regression line for
mortality (green line) and 95% confidence intervals (light green band) (left y-axis). The
grey line indicates the number of national cases of SARS-CoV-2 infection in the UK

(right y-axis)

The impact of patient and clinical factors on in-hospital mortality from the four
regression models are shown in Table 35. As indicated by Model 1, procedures during
the COVID-19 pandemic period were associated with excess mortality (adjusted odds
ratio (aOR) 1.45,95% Cl 1.23-1.71 for Wave 1, aOR 1.61, 95% Cl 1.39-1.86 for Wave 2/3).
Adding procedural factors (Model 2) demonstrates that some of the excess mortality
was associated with a change in the mix of procedures performed, even though there is
still evidence of excess mortality in Wave 2/3 (Model 2 aOR 1.38,95% Cl 1.19-1.59). The
increased mortality in Wave 2/3 persisted after further adjustment for patient age,
gender and comorbidities, indicating that the excess mortality was not associated with

treating patients with worse general health (Model 3, aOR 1.43 [1.23, 1.66]. Finally, after
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the inclusion of the SARS-CoV-2 infection variable in the model (Model 4), the time
period of procedure was no longer associated with a significant effect on mortality
(Figure 30). This suggests the excess mortality in the population of lower limb
procedures performed during the pandemic is predominantly attributable to SARS-CoV-
2 infections among individuals. Compared to patients without SARS-CoV-2 infection, the
SARS-CoV-2-positive patients had 6 times higher in-hospital mortality, after adjusting for
age, gender, comorbidities, indication for surgery, type of procedure, type of
anaesthetic and time-period of procedure (aOR 5.88 [95% Cl 4.80, 7.21], p<0.001). The

overall mortality rate among those with SARS-CoV-2 infection was 25.0% (n=177).

Age (5-year interval) — |.l.|.
Diabetes —
Chronic Lung Disease — HH
Ischaemic Heart Disease — HH
Chronic Heart Failure —| HH
Chronic Kidney Disease —
SARS-CoV-2 infection —
General anaesthetic — -

Procedure type
Amputation — I & {
Elective bypass — —a—
Non-elective bypass } = |
Elective endovascular — ]
Non-glective endovascular - t L i

Indication for surgery
CLI Fontaine I/l - ]
CLI Fontaine 1I/IV —| —a—
Infection — k =
Acute limb ischaemia —| } L |
Trauma I i |
Aneurysm —| ——

Time period

Pre-pandemic —
Wave 1
Respite —
Wave 2/3 —

T T T T T

I
0 2 4 6 8 10
adjusted Odds Ratio

Figure 30 — Coefficients plot of the adjusted odds ratio (aOR) and 95% confidence
intervals for in-hospital mortality after lower limb vascular procedures. The red line

indicates aOR of 1. CLI = chronic limb ischaemia
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Table 35 — Adjusted odds ratio for in-hospital mortality based on multivariable logistic

regression models

Model 1

Model 2

Model 3

Model 4

Time period of procedure

Pre-pandemic 1.00 (reference)

Wave 1 1.45 (1.23, 1.72)
Respite 1.32(1.12, 1.55)
Wave 2/3 1.61 (1.39, 1.86)

SARS-CoV-2 infection
Procedure type
General anaesthetic
Elective endovascular
Amputation

Elective bypass
Non-elective bypass
Non-elective endovascular
Indication for surgery
CLI Fontaine 1/11

CLI Fontaine IlI/IV
Infection

ALl

Trauma

Aneurysm

1.00 (reference)
1.16 (0.97, 1.38)
1.15(0.97, 1.36)
1.38(1.19, 1.59)

1.13 (0.98, 1.31)

1.00 (reference)

8.96 (6.82, 11.89) 8.51 (6.47, 11.19)

1.69 (1.22, 2.36)
4.64 (3.45, 6.23)
5.59 (4.26, 7.34)

1.00 (reference)
2.66 (1.83, 3.87)
2.84 (1.87, 4.31)
4.81(3.25,7.12)
2.95(1.40, 6.21)
1.99 (1.13, 3.51)

Patient characteristics and comorbidities

Age (5-year interval)
Female

Diabetes

COPD

IHD

CHF

CKD

1.00 (reference)
1.19 (1.00, 1.41)
1.18 (0.99, 1.39)
1.43 (1.23, 1.66)

1.32 (1.14, 1.53)

1.00 (reference)

1.73 (1.24, 2.40)
4.55 (3.38, 6.11)
5.21 (3.96, 6.83)

1.00 (reference)
2.17 (1.49, 3.17)
2.58 (1.70, 3.93)
4.41(2.98, 6.52)
3.79(1.79, 8.01)
1.73 (0.98, 3.06)

1.15(1.12, 1.19)
1.10 (0.97, 1.24)
1.01 (0.89, 1.14)
1.24 (1.09, 1.41)
1.22 (1.08, 1.38)
1.33(1.13, 1.57)
2.10 (1.84, 2.39)

1.00 (reference)
0.94 (0.78, 1.13)
1.04 (0.88, 1.23)
1.06 (0.90, 1.24)
5.88 (4.80, 7.21)

1.35(1.17, 1.58)
1.00 (reference)
7.23(5.48,9.53)
1.64 (1.18, 2.29)
4.10 (3.04, 5.52)
4.81 (3.66, 6.32)

1.00 (reference)
2.23(1.53, 3.25)
2.65 (1.74, 4.05)
4.33(2.92,6.42)
3.83(1.79, 8.18)
1.77 (1.00, 3.13)

1.15(1.12, 1.18)
1.10 (0.97, 1.25)
1.00 (0.88, 1.13)
1.23 (1.07, 1.40)
1.27 (1.12, 1.44)
1.35 (1.14, 1.59)
2.07 (1.82, 2.36)

Data are presented as adjusted odds ratio (95% confidence interval).
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6.4 Discussion

This study found an overall 28% reduction in vascular lower limb surgical activity during
the COVID-19 pandemic period compared to the previous months, with greater effects
observed in elective revascularisation procedures. Even though the proportion of
patients with SARS-CoV-2 infection undergoing vascular procedures was only 4.6%, a
COVID-19 diagnosis was associated with 6 times higher mortality, even after adjusting
for patient and procedure characteristics. The overall complication and reoperation
rates were comparable to the previous year, but there was a significant increase in in-
hospital mortality after elective revascularisation and amputation procedures, mainly

related to concomitant SARS-CoV-2 infection.

In this study, a 40% decrease in elective revascularisation procedures was noted during
the pandemic. This decline in vascular activity has also been reported for carotid
endarterectomies, aortic aneurysm repairs and lower limb procedures by another UK
study during the first wave of the pandemic®®’. Similar decrease in elective activity has
been recorded in other countries, such as Italy*®> and the United States®’. The
postponement of non-urgent surgical procedures and the prioritisation of urgent and
emergency work was recommended by surgical professional bodies in order to reduce
the exposure of patients to hospitals and preserve critical care resources. This decrease
in surgical volume stems mainly from the reduction in procedures performed for mild or
moderate chronic limb ischaemia (Fontaine 1/11), while the number of procedures for
severe limb ischaemia (Fontaine Ill/IV) remained stable. This is reassuring, as it indicates
that urgent limb-saving procedures continued to be performed. The reduction in
procedures for claudication was also noted in a report from the Swedish Vascular
Registry and Southern Italy*®4&_ |nterestingly, the Swedish report did not identify a
significant reduction in vascular procedures overall during 2020 compared to previous
years, which may be due to the fact that no national lockdown was imposed in the

country*,

Previous studies from the Netherlands and Italy noted an increase in amputation rates,
which was attributed to hospital avoidance and subsequent delayed presentation with

severe limb ischaemia®®4%* However, we did not identify a significant increase in
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primary major amputations. This finding is supported by previously published studies,

which are however limited to patients with diabetes#?>4%,

Regarding differences in the patterns of care, patients undergoing elective endovascular
revascularisation procedures during the pandemic period had more comorbidities, such
as diabetes, COPD, CKD and chronic heart failure. Increase in some of these
comorbidities was also noted in a US study*®’. There has also been an increase in the
proportion of current smokers that underwent amputation and open surgical
revascularisation, which may be an indication of the impact of lockdown on mental
health and change in smoking habits**®, Only a small proportion of patients included in
this study had SARS-CoV-2 infection, similar to other studies*®. The infection rate was
higher in Wave 2/3 compared to Wave 1, which may be related to more and better

testing at later stages of the pandemic.

Additionally, we did not identify an increase in revascularisation procedures performed
endovascularly in this study, even though this has been described by the international
COVER study!'#, as well as single centre studies from the US and Portugal*®. These
studies may be at risk of selection bias, as they involved units that registered to
participate, rather than population-level data. Moreover, we found that more open
surgical procedures (revascularisation and amputation) were performed under loco-
regional anaesthesia during the pandemic period compared to pre-pandemic, which has
also been described in a study from Portugal®®. This approach may have been chosen
where possible in an attempt to preserve critical care resources, avoid the use of
anaesthetic equipment and staff and reduce the risk of pulmonary complications
associated with the use of general anaesthetic. Additionally, this practice of performing
revascularisations under loco-regional anaesthesia is supported by an update of the

European Society of Vascular Surgery guidelines for ALI, published in early 2022°%,

Both median time from admission to procedure and length of stay were shorter during
the pandemic. Due to the high rates of SARS-CoV-2 transmission in hospital, this finding
may indicate a conscious effort by healthcare staff to reduce the length of stay in

hospital. It may also be related to the fact that there was less pressure on emergency
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theatre capacity by other specialties, since professional bodies recommended non-

operative treatment for acute conditions such as appendicitis.

In-hospital mortality after elective revascularisation procedures and major amputations
was higher during the pandemic compared to the pre-pandemic period. This increase
can be explained by the presence of SARS-CoV-2 infection, which was associated with a
6-times increase in mortality. In our study, patients with SARS-CoV-2 infection had a
postoperative mortality rate of 25%, which is comparable to the 30-day mortality of
23.8% reported by the multicentre COVIDSurg study®®! and two studies of vascular
procedures from Lombardy (25% in-hospital mortality in patients with COVID-19)3%:482,
Itis also lower than the 30-day mortality rate of 37.3% after vascular surgery procedures
reported in the COVID-VAS multicentre study from Spain for patients with SARS-CoV-2
infection during the first wave®®'. Notably, there was no change in mortality or

postoperative complications after vascular procedures in the Swedish registry4.

The main strength of this study is the large sample size and the long study period, which
included the three waves of the pandemic in the UK. Additionally, historical data allowed
the comparison of the pandemic period with pre-pandemic patterns of care and

outcomes.

This study has certain limitations. Firstly, due to population-based observational study
design, there is a possibility that the rate of SARS-CoV-2 infection was under-reported
during data collection. Another factor that may have contributed to under-estimation
of the rate of SARS-CoV-2 positive patients is the limited availability of diagnostic tests
during the first wave of the pandemic. Secondly, the case ascertainment of endovascular
revascularisation procedures in the National Vascular Registry is lower than open
surgical revascularisation procedures'®®. Thirdly, procedural volumes may have been
impacted by under-reporting during the pandemic period, but this would not have an

effect on the patterns of care and outcomes that this study presented.

In conclusion, there was a 28% reduction in vascular lower limb surgical activity during
the COVID-19 pandemic, which was more marked for elective procedures. The overall
complication and re-operation rates were comparable to the previous year but mortality

was increased, mainly due to concomitant SARS-CoV-2 infection, which was associated
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with higher mortality in vascular patients admitted with lower limb ischemic conditions.
This indicates that strategies should be developed to define criteria for priority access
to care for patients who need it most and which would limit the excess mortality due to
delays to treatment. Operational plans should also be in place to enable a rapid return
to normal operations while ensuring that the risk of infection for PAD patients is

minimised.
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Chapter 7. Discussion and Conclusions

7.1 Summary of key findings

CLTI represents a severe form of lower limb atherosclerotic disease with risk of adverse
outcomes. Two national reports (NCEPOD in 2014 and GIRFT in 2018) highlighted
deficiencies in the management of patients with CLTI with negative impact on patient
outcomes, and pointed towards areas where the provision of care could potentially be
improved?°623¢_ Consequently, the VSGBI PAD QIF recommended specific timelines from
referral to treatment for patients with CLTI; 5 days for admitted patients with severe
disease, and 14 days for non-admitted patients?®’. This guidance was based on expert
opinion rather than evidence, due to the scarcity of studies exploring the association
between treatment delays and patient outcomes. Additionally, it was acknowledged
that the timescales were challenging, due to the limited resources and high service
demand in NHS arterial centres, but specific recommendations on how to achieve them

were not provided, owing to lack of evidence-based effective interventions?®’.

Delays arise at every step of the patient pathway and have been described in a
systematic review by Nickinson et al?*°. Currently, it is unclear which factors contribute
most to the delays to revascularisation for patients with CLTI and only a limited number
of small studies have investigated their effect on outcomes. It is also worth noting that
any changes in the vascular service that aim to address delays may have wider
consequences for other patients, the workforce or the organisation itself and their
effectiveness may depend on the context in which they are implemented. Therefore,
any such efforts should adhere to the principles of quality improvement and
implementation science, with clear measurement and evaluation processes.
Additionally, there has been no coordinated effort to apply best practice guidance in a

systematic manner in the management of this patient group.

This thesis contributes new knowledge to the identified gaps in the literature. Factors
associated with delays to treatment in patients with CLTI were identified and ways to

address them were explored through the implementation and evaluation of a Quality
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Improvement Collaborative programme. The findings from the studies in this thesis and

the answers to the five research questions are summarised below.

The population-based cohort study in chapter 2 aimed to identify patient and pathway
factors that affect the timing of revascularisation for patients presenting as emergencies
with CLTI, using NVR data. Between 2016 and 2019, only 50.6% of patients admitted as
emergencies with CLTI to NHS arterial centres received revascularisation within the
recommended 5 days from admission. Given the VSGBI best practice guidance for these
patients was only published in 2019, it might be argued that it is unreasonable to expect
many NHS hospitals to be meeting this standard during the period examined in the
study. However, the recommendation reflects a consensus about expected standards of
care in the UK, against which services can benchmark their performance and will
hopefully motivate improvement. Our findings provide a baseline for comparison with
future performance. We also found that the timing of revascularisation was associated
with a number of patient characteristics, such as age, comorbidity burden, smoking
status, Fontaine score and presenting problem, the type of procedure performed, the
hospital procedure volume, and the day of admission, with the worst performance
observed on Tuesday and Wednesday. The association of the time to revascularisation
with the day of admission is concerning and solutions that remove this source of
variation should be sought, such as the delivery of a 7-day service for lower-limb
revascularisation, as advocated by GIRFT. However, implementing a 7-day service may
be hindered by various factors, such as the limited availability of staff, and IR and surgical
operating theatre availability, therefore a feasibility study should be undertaken prior

to its widespread adoption.

In chapter 3, a population-based cohort study using data from 10,183 patients collected
in HES was conducted to evaluate the association of the timing of revascularisation with
major amputation and mortality rates at 1-year for patients admitted to hospital as
emergencies with CLTl. It demonstrated that patients undergoing infrainguinal
revascularisation for CLTI had 1-year mortality rate of 27.3% and 1-year ipsilateral major
amputation rate of 15.7%, with most amputations occurring in the first few months after
revascularisation. Longer time from admission to revascularisation was independently
and significantly associated with higher mortality in patients with tissue loss but not in
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those with less severe forms of PAD. We determined that if all patients with tissue loss
were revascularised within 5 days, the 1-year mortality rate would be reduced by 2.3%.
There was no evidence of an association between delay to revascularisation and major
amputation, after adjustment for patient and admission factors. Interestingly, time to
revascularisation was longer for patients with tissue loss compared to those without,
indicating that patients with more severe presentation waited longer for

revascularisation.

Chapter 4 described the implementation and short-term outcomes of the PAD QIP, a Ql
collaborative between eleven vascular centres in England. The aim was to assess
whether the implementation of changes to the vascular services through a QIC reduced
delays to revascularisation in patients presenting with CLTI in line with the PAD QIF
recommendations. Various interventions were adopted by the participating centres,
such as daily triage of referrals, introduction of urgent one-stop CLTI clinics or urgent
slots in existing clinics, expedited imaging, frequent MDTs, dedicated IR sessions, and
employment of coordinators that tracked patients along the pathway. Based on a
controlled interrupted time series analysis undertaken at the end of the programme
using NVR data from 9,608 hospital admissions, the PAD QIP centres significantly
increased the proportion of patients revascularised within 5-days, and reduced the
length of hospital stay and 30-day readmission rate during the implementation period
compared to their baseline. The reduction in LOS and readmission rate was significantly
higher than that observed in non-participating UK centres, while the increase in 5-day
revascularisations was comparable to the temporal trend of improvement observed in

the rest of the UK.

In addition to the quantitative analysis of short-term outcomes, a mixed methods study
of 16 semi-structured interviews and an online survey with clinicians from the
participating centres was also performed during the implementation period and aimed
to identify factors that influenced the local uptake of changes and the success of the QIC
in a vascular surgery setting (chapter 5). Facilitating factors associated with the QI
collaborative included the concrete timeframes, external performance monitoring, peer
comparison, learning from others and sharing of experiences. The main factors
facilitating change were the presence of supportive teams and good inter-departmental
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networks, a common understanding of the problem and the patient benefit from
addressing it, and the managerial support of proposed changes. Conversely, factors that
hindered implementation were the differing opinions about resource allocation due to
conflicting priorities and resistance to change, the lack of organisational leadership
support and the lack of resources. Based on these findings, future QICs in vascular
surgery may benefit from retaining the elements of benchmarking, peer comparison and
networking in their implementation strategy, and should also ensure the availability of
support from organisational leaders and middle managers, dedicated time of lead
clinicians for quality improvement, and participation of an enthusiastic multidisciplinary

team of professionals prior to implementation.

The COVID-19 pandemic was an important contextual factor that affected the
implementation of changes, as three national lockdowns were implemented in the UK
from March to February 2021, which caused significant disruption in vascular service
delivery388, These lockdowns had a mixed effect on the PAD QIP participating centres.
Some centre leads aligned the pathway redesign with the overall efforts to minimise
patients’ time in hospital, and therefore gained resources and permission to proceed.
Other centres struggled to make changes due to competing organisational priorities and
limited engagement of Trust leadership with any issue that was not related to the

pandemic.

A population-based cohort study (chapter 6) aimed to provide more information about
the context in which the intervention was implemented, by investigating the effect of
the COVID-19 pandemic on the procedure volume, patterns of care, and short-term
outcomes of lower limb vascular procedures performed in the UK. This study of 36,938
procedures concluded that there was a 28% reduction in vascular lower limb surgical
activity during the COVID-19 pandemic, which was more marked for elective
revascularisation procedures. Complication and re-operation rates were comparable to
the pre-pandemic levels but mortality was increased and related to concomitant SARS-
CoV-2 infection, which was associated with six times higher mortality. The reduction in
elective activity described in this chapter may explain the national trends noted in
chapter 4, as it increased the availability of operating theatre lists to perform non-
elective revascularisation procedures, and modified hospital pathways reduced patient
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exposure to hospital, perhaps contributing to a shorter length of stay. Based on these
findings, we recommended that every effort should be made to deliver COVID-19-free
pathways to minimize operative mortality while vascular services were restored, and
that operational plans should be in place to enable a rapid return to normal operations

while ensuring minimal risk of infection.

7.2 Limitations

This thesis and its findings also have limitations. Firstly, the studies in chapters 2, 4, and
6 were based on NVR data and while the NVR has a high case-ascertainment for lower-
limb open surgical revascularisations (86%), it only captures around 48% of all lower limb
endovascular procedures. However, there is no evidence to suggest that procedures
were preferentially captured in a way that would alter the results, and indeed many of
the missing endovascular procedures may represent day-cases that were excluded from
the analyses. Additionally, the NVR does not collect data on patients who did not
undergo a revascularisation procedure and were treated conservatively or had primary
amputation. Even though the outcome of this patient cohort may be affected by delays
to presentation or vascular review, this is outside the scope of the studies in this thesis,
as the time-to-revascularisation metric would not be applicable. There may also be
inconsistencies in the way that some procedures, such as common femoral
endarterectomy, hybrid procedures, and multiple procedures in an admission are
captured. To mitigate some of that risk, procedures were manually categorised as hybrid
during the analysis if both an endovascular and an open procedure were recorded on
the same date. The first procedure of an admission was considered the “index”
procedure and further procedures as re-interventions, while multiple admissions of a
patient were analysed separately. The laterality of the procedure was not explored in

these studies.

Secondly, the NVR dataset does not record previous hospital admissions or outpatient
reviews, therefore some of the emergency admissions documented as “non-elective” in
the NVR system may represent expedited procedures of patients that followed the
outpatient pathway instead of emergency presentations. Thirdly, the NVR does not

capture the date of symptom onset, which would be a better marker of delays, or the

227



complexity of disease, that may be associated with delays due to requirement for
additional imaging investigations or multidisciplinary input. It is also possible that some
of the variables, such as smoking, may not be accurately captured and that self-reporting
may lead to omission of negative outcomes. However, healthcare professionals have a
duty to audit and accurately report on their practice according to the General Medical
Council’s Good Medical Practice guide, therefore conscious “gaming” of the NVR is very

unlikely.

Regarding the second study (chapter 3), the data source was an administrative database,
which is prone to errors, such as omission of clinical information or inaccurate coding,
and does not optimally collect the severity of PAD. Therefore, some patients with
emergency CLTI admission may have been excluded from the study. Additionally, the
results were adjusted for many patient and admission characteristics that have been
associated with mortality or major amputation in previous studies, but there may have
been residual confounding factors that were unaccounted for and may have influenced
the outcome, such as smoking, atherosclerotic burden, physiological measurements and
biochemical markers. This study did not include patients that were treated
conservatively or had primary amputation, as time-to-revascularisation was the variable

of interest.

In chapter 4, changes to the vascular services were introduced throughout the duration
of the programme, not all at the start, and it was not possible to identify the exact time
specific interventions were adopted in each centre. Due to this limitation, it is not
possible to evaluate how each intervention affected the outcomes, and whether some

were more effective than others.

Regarding the mixed methods study in chapter 5, the sample size was relatively small,
but there was representation from all centres participating in the programme.
Additionally, due to the limited time and human resources, the interview transcripts
were coded by a single researcher, and 20% were also reviewed by a supervisor with
qualitative background, to ensure that important themes were not missed. We were

also unable to explore some factors that have been found to influence implementation
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in other studies, due to the limited time of the participating healthcare professionals,

therefore interview question topics were selective.

Finally in chapter 6, due to population-based observational study design, there is a
possibility that the rate of SARS-CoV-2 infection was under-reported during data
collection. Another factor that may have contributed to under-estimation of the rate of
SARS-CoV-2 positive patients is the limited availability of diagnostic tests during the first
wave of the pandemic. Procedural volumes also may have been impacted by under-
reporting during the pandemic period, but this would not have an effect on the patterns

of care and outcomes presented in this study.

7.3 Implications for future research and service delivery

There is still limited evidence on the effect of the timing of revascularisation on long-
term patient outcomes, especially when measuring time from symptom onset, which is
harder to capture compared to the time of referral or time of admission. Further studies

should focus on this less explored research topic.

Additionally, factors identified as significantly associated with higher risk of 1-year major
amputation in chapter 3, such as male gender, high comorbidity burden, severe frailty,
living in a high deprivation area, and the presence of gangrene are not modifiable,
therefore further research is required to identify modifiable factors associated with risk

of major amputation following revascularisation and potential effective interventions.

Building on the short-term outcomes of the PAD QIP presented in chapter 4, further
research is required to ascertain its long-term effects on patient outcomes and the

sustainability of the local interventions implemented during the programme.

The findings in chapter 4 also have implications for vascular service delivery, as vascular
units seeking to expedite the revascularisation of patients with CLTI can implement the
interventions introduced in the participating centres, which appear to be adaptable and

generalizable to different contexts.
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Further research is also required to evaluate how tailored implementation approaches
may address contextual factors that have been identified in this study as barriers to

implementation in the vascular surgery setting.

Finally, greater use of the NVR data could be made for research studies, as it is the only
database that covers all NHS vascular units and that provides granular clinical data for
vascular arterial procedures. The data controllers for the NVR (NHS England, the Welsh
government and the Healthcare Quality Improvement Partnership) have established a
data access process for researchers, and a steady stream of research groups have made
use of this facility>°2>%*, However, more could be made of the resource. One option is
for the NVR to be used for platform studies, where RCTs are embedded within cohort
studies. An advantage of this approach is that it provides high quality data on the
number of patients not participating in the RCT and outcomes outside the trial. An
example of this approach has already proven successful in Orthopaedics®%>°%, However,
this would require significant financial investment in the NVR to change the IT data
collection system and cover the additional administrative activities. Moreover, the
issues around data access and retention that affect this type of initiatives®®” would need
to be addressed for the NVR and the national clinical audit programme as a whole.
Finally, if entering data becomes too complex and time-consuming due to the addition
of new data items for research (such as Patient Related Outcome Measures), some
clinicians may become disengaged. The challenges of this approach are beginning to be
addressed though. Research groups with National Institute for Health and Care Research
(NIHR) funding for trials of interventions for vascular diseases are planning to use NVR

data to augment the data collected from trial participants.
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Appendices

Appendix 1: ICD-10 diagnosis codes related to peripheral arterial disease (PAD) and
diabetes in HES

Condition ICD-10 code

PAD I70 Atherosclerosis (excluding 170.21)
I73 Other peripheral vascular diseases
174 Arterial embolism and thrombosis
I77.1 Stricture of artery
177.9 Other unspecified disorders of arteries and arterioles
E10.5 Type 1 diabetes mellitus with peripheral circulatory
complications
E11.5 Type 2 diabetes mellitus with peripheral circulatory
complications
E13.5 Other specified diabetes mellitus with peripheral circulatory
complications
E14.5 Unspecified diabetes mellitus with peripheral circulatory
complications

PAD with 170.21 Atherosclerosis of arteries of extremities with gangrene
tissue loss M86 Osteomyelitis

L89 Decubitus ulcer and pressure area

L97 Ulcer of lower limb, not elsewhere classified

L98.4 Chronic ulcer of skin, not elsewhere classified

RO2 Gangrene, not elsewhere classified

Diabetes E10 Type 1 diabetes mellitus

mellitus E1l Type 2 diabetes mellitus
E12 Malnutrition-related diabetes mellitus
E13 Other specified diabetes mellitus
E14 Unspecified diabetes mellitus

Emergency admission codes

21 Accident and emergency department

22 General Practitioner

23 Bed bureau

24 Consultant clinic

28 Other emergency (eg. transfer from another provider)

2A Accident and Emergency Department of another provider

2B Emergency transfer of an admitted patient from another Hospital

2D Other emergency admission

81 Transfer of admitted patient from other Hospital other than in an emergency

Excluded: Elective admission (11, 12, 13), Maternity-related (31, 32, 82, 83, 2C),
Not known/not applicable (98, 99)
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Appendix 2: Office of Population Censuses and Surveys Classification of Surgical
Operations and Procedures (OPCS) version 4.8 codes used in the study to

capture endovascular and surgical lower limb revascularisation procedures

OPCS

Codes Description

Open surgical revascularisation

L161 Emergency bypass of aorta by anastomosis of axillary artery to femoral artery

L162 Bypass of aorta by anastomosis of axillary artery to femoral artery NEC

L163 Bypass of aorta by anastomosis of axillary artery to bilateral femoral arteries

L168 Other specified extra-anatomic bypass of aorta

L169 Unspecified extra-anatomic bypass of aorta

1206 Emergency bypass of bifurcation of aorta by anastomosis of aorta to iliac
artery

L216 Bypass of bifurcation of aorta by anastomosis of aorta to iliac artery

1501 Emergency bypass of common iliac artery by anastomosis of aorta to
common iliac artery

1502 Emergency bypass of iliac artery by anastomosis of aorta to external iliac
artery

1503 Emergency bypass of artery of leg by anastomosis of aorta to common
femoral artery

1504 Emergency bypass of artery of leg by anastomosis of aorta to deep femoral
artery

L505 Emergency bypass of iliac artery by anastomosis of iliac artery to iliac artery

1506 Emergency bypass of artery of leg by anastomosis of iliac artery to femoral
artery

L508 Other specified other emergency bypass of iliac artery

L509 Unspecified other emergency bypass of iliac artery

L511 Bypass of common iliac artery by anastomosis of aorta to common iliac artery
L512 Bypass of iliac artery by anastomosis of aorta to external iliac artery

L513 Bypass of artery of leg by anastomosis of aorta to common femoral artery
L514 Bypass of artery of leg by anastomosis of aorta to deep femoral artery

L515 Bypass of iliac artery by anastomosis of iliac artery to iliac artery

L516 Bypass of artery of leg by anastomosis of iliac artery to femoral artery

L518 Other specified other bypass of iliac artery

L519 Unspecified other bypass of iliac artery

L521 Endarterectomy of iliac artery and patch repair of iliac artery

L522 Endarterectomy of iliac artery

L528 Other specified reconstruction of iliac artery

L529 Unspecified reconstruction of iliac artery

L538 Other specified open operations on iliac artery
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L539 Other unspecified open operations on iliac artery

1581 Emergency bypass of femoral artery by anastomosis of femoral to femoral
artery

1582 Emergency bypass of femoral artery by anastomosis of femoral artery to
popliteal artery using prosthesis

1583 Emergency bypass of femoral artery by anastomosis of femoral artery to
popliteal artery using vein graft

1584 Emergency bypass of femoral artery by anastomosis of femoral artery to
tibial artery using prosthesis

1585 Emergency bypass of femoral artery by anastomosis of femoral artery to
tibial artery using vein graft

1586 Emergency bypass of femoral artery by anastomosis of femoral artery to
peroneal artery using prosthesis

1587 Emergency bypass of femoral artery by anastomosis of femoral artery to
peroneal artery using vein graft

L588 Other specified other emergency bypass of femoral artery

L589 Unspecified other emergency bypass of femoral artery

L591 Bypass of femoral artery by anastomosis of femoral artery to femoral artery

1592 Bypass of femoral artery by anastomosis of femoral artery to popliteal artery
using prosthesis

1593 Bypass of femoral artery by anastomosis of femoral artery to popliteal artery
using vein graft

1594 Bypass of femoral artery by anastomosis of femoral artery to tibial artery
using prosthesis

1595 Bypass of femoral artery by anastomosis of femoral artery to tibial artery
using vein graft

1596 Bypass of femoral artery by anastomosis of femoral artery to peroneal artery
using prosthesis

1597 Bypass of femoral artery by anastomosis of femoral artery to peroneal artery
using vein graft

L598 Other specified other bypass of femoral artery

L599 Unspecified other bypass of femoral artery

Le01 Endarterectomy of femoral artery and patch repair of femoral artery

L602 Endarterectomy of femoral artery

L603 Profundaplasty of femoral artery and patch repair of deep femoral artery

L604 Profundaplasty of femoral artery

L608 Other specified reconstruction of femoral artery

L609 Unspecified reconstruction of femoral artery

L651 Revision of reconstruction involving aorta

L652 Revision of reconstruction involving iliac artery

L653 Revision of reconstruction involving femoral artery

L658 Other specified revision of reconstruction of artery

L659 Unspecified revision of reconstruction of artery
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L681 Endarterectomy and patch repair of artery
L682 Endarterectomy

L683 Repair of artery using prosthesis

L684 Repair of artery using vein graft

L688 Other specified repair of other artery

L689 Unspecified repair of other artery

Endovascular revascularisation

L541 Percutaneous transluminal angioplasty of iliac artery

L544 Percutaneous transluminal insertion of stent into iliac artery

L548 Other specified transluminal operations on iliac artery

L549 Unspecified transluminal operations on iliac artery

L631 Percutaneous transluminal angioplasty of femoral artery

L635 Percutaneous transluminal insertion of stent into femoral artery
L638 Other specified transluminal operations on femoral artery

L639 Unspecified transluminal operations on femoral artery

L662 Percutaneous transluminal stent reconstruction of artery

L665 Percutaneous transluminal balloon angioplasty of artery

L667 Percutaneous transluminal placement of peripheral stent in artery
L668 Other specified other therapeutic transluminal operations on artery
L669 Unspecified other therapeutic transluminal operations on artery
L711 Percutaneous transluminal angioplasty of artery

L718 Other specified therapeutic transluminal operations on other artery
L719 Unspecified therapeutic transluminal operations on other artery

Artery of intervention

Z38.1 Common iliac artery

738.2 Internal iliac artery

Z38.3  Common femoral artery

Z238.4  Deep femoral artery

Z38.5  Superficial femoral artery

Z238.6  Popliteal artery

797.1  Anterior tibial artery

797.2 Posterior tibial artery

797.3 Peroneal artery

797.4  Dorsalis pedis artery

297.5 External iliac artery

Z297.6 lliac artery not elsewhere captured
Z297.7  Tibial artery not elsewhere captured
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Appendix 3: CFIR Framework with CFIR construct definitions

Innovation Characteristics

Intervention

Perception of key stakeholders about whether the

Source innovation is externally or internally developed.

Evidence Stakeholders’ perceptions of the quality and validity of

Strength & evidence supporting the belief that the innovation will

Quality have desired outcomes.

Relative Stakeholders’” perception of the advantage of

Advantage implementing the innovation versus an alternative
solution.

. Adaptability The degree to which an innovation can be adapted,

tailored, refined, or reinvented to meet local needs.

Trialability The ability to test the innovation on a small scale in the
organization, and to be able to reverse course (undo
implementation) if warranted.

Complexity Perceived difficulty of the innovation, reflected by

duration, scope, radicalness, disruptiveness, centrality,
and intricacy and number of steps required to implement.

. Design Quality

& Packaging

Perceived excellence in how the innovation is bundled,
presented, and assembled.

. Cost

Costs of the innovation and costs associated with
implementing the innovation including investment,
supply, and opportunity costs.

Outer Setting

Needs &
Resources  of
Those Served by
the
Organization

The extent to which the needs of those served by the
organization (e.g., patients), as well as barriers and
facilitators to meet those needs, are accurately known
and prioritized by the organization.

Cosmopolitanis
m

The degree to which an organization is networked with
other external organizations.

Peer Pressure

Mimetic or competitive pressure to implement an
innovation, typically because most or other key peer or
competing organizations have already implemented or
are in a bid for a competitive edge.

External Policy
& Incentives

A broad construct that includes external strategies to
spread innovations including policy and regulations
(governmental or other central entity), external
mandates, recommendations and guidelines, pay-for-
performance, collaboratives, and public or benchmark
reporting.
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Inner Setting

. Structural

Characteristics

The social architecture, age, maturity, and size of an
organization.

Networks &
Communication
S

The nature and quality of webs of social networks, and
the nature and quality of formal and informal
communications within an organization.

Culture

Norms, values, and basic assumptions of a given
organization.

Implementation
Climate

The absorptive capacity for change, shared receptivity of
involved individuals to an innovation, and the extent to
which use of that innovation will be rewarded, supported,
and expected within their organization.

Tension for
Change

The degree to which stakeholders perceive the current
situation as intolerable or needing change.

Compatibility

The degree of tangible fit between meaning and values
attached to the innovation by involved individuals, how
those align with individuals’ own norms, values, and
perceived risks and needs, and how the innovation fits
with existing workflows and systems.

Relative Priority

Individuals’ shared perception of the importance of the
implementation within the organization.

Organizational

Extrinsic incentives such as goal-sharing, awards,

Incentives & performance reviews, promotions, and raises in salary,

Rewards and less tangible incentives such as increased stature or
respect.

Goals & The degree to which goals are clearly communicated,

Feedback acted upon, and fed back to staff, and alignment of that
feedback with goals.

Learning A climate in which: 1. Leaders express their own fallibility

Climate and need for team members’ assistance and input; 2.

Team members feel that they are essential, valued, and
knowledgeable partners in the change process; 3.
Individuals feel psychologically safe to try new methods;
and 4. There is sufficient time and space for reflective
thinking and evaluation.

Readiness for
Implementation

Tangible and immediate indicators of organizational
commitment to its decision to implement an innovation.

Leadership
Engagement

Commitment, involvement, and accountability of leaders
and managers with the implementation of the
innovation.
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2. Available The level of resources organizational dedicated for
Resources implementation and on-going operations including

physical space and time.

3. Accessto Ease of access to digestible information and knowledge
Knowledge & about the innovation and how to incorporate it into work
Information tasks.

IV.  Characteristics of Individuals

A. Knowledge & Individuals’ attitudes toward and value placed on the
Beliefs about innovation, as well as familiarity with facts, truths, and
the Innovation  principles related to the innovation.

B. Self-efficacy Individual belief in their own capabilities to execute

courses of action to achieve implementation goals.

C. Individual Stage Characterization of the phase an individual is in, as s/he
of Change progresses toward skilled, enthusiastic, and sustained use

of the innovation.

D. Individual A broad construct related to how individuals perceive the
Identification organization, and their relationship and degree of
with commitment with that organization.

Organization

E. Other Personal A broad construct toinclude other personal traits such as

Attributes tolerance of ambiguity, intellectual ability, motivation,
values, competence, capacity, and learning style.
V. Process

A. Planning The degree to which a scheme or method of behaviour
and tasks for implementing an innovation are developed
in advance, and the quality of those schemes or methods.

B. Engaging Attracting and involving appropriate individuals in the
implementation and use of the innovation through a
combined strategy of social marketing, education, role
modelling, training, and other similar activities.

1. Opinion Leaders Individuals in an organization that have formal or
informal influence on the attitudes and beliefs of their
colleagues with respect to implementing the innovation.

2. Formally Individuals from within the organization who have been
Appointed formally appointed with responsibility for implementing
Internal an innovation as coordinator, project manager, team
Implementation leader, or other similar role.

Leaders
3. Champions “Individuals who dedicate themselves to supporting,

marketing, and ‘driving through’ an [implementation]”,
overcoming indifference or resistance that the innovation
may provoke in an organization.
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External Change Individuals who are affiliated with an outside entity who

Agents formally influence or facilitate innovation decisions in a
desirable direction.

Key Individuals from within the organization that are directly

Stakeholders impacted by the innovation, e.g., staff responsible for
making referrals to a new program or using a new work
process.

Innovation Individuals served by the organization that participate in

Participants the innovation, e.g., patients in a prevention program in a
hospital.

Executing Carrying out or accomplishing the implementation

according to plan.

Reflecting & Quantitative and qualitative feedback about the progress

Evaluating and quality of implementation accompanied with regular
personal and team debriefing about progress and
experience.
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Appendix 4: Interview guide

Interview question

CFIR construct

How did you first hear about the peripheral arterial disease quality
improvement framework and the effort to implement it and why

did you decide to participate in the programme?

Probing: Who made the decision to participate and why, what was your
motivation? Do you think there is a benefit in implementing it? Are you aware
of any units that have implemented the recommendations and have seen

improvements?

What is your view on each of the components of the programme,
so the webinars, the data collection in the NVR, the performance

reports and the online resources?

Probing: Did you use any of the ideas that other centres shared during the
webinars? Did you contact any of the other centre leads to discuss or share
resources or information?

Did you get anything out of participating in this

collaborative/programme?

What more could we offer to participating units as part of the

programme?

Can you describe the pathway that a patient presenting with CLTI
follows in your network and the changes you have made to the
pathway as part of the PAD QIP?

How did you decide what changes to make and how did you go

about implementing the changes?
Probing: For example, did you do an audit or did you have meetings with

stakeholders?

If team leader: Who did you involve in the decision-making process

and the implementation?
Probing: Did you build a team and who did you include in that team? Was this

formal part of yours and their job plan?
If not the team leader: What is your involvement in the
implementation of the PAD QIP in your organisation and what is

your view on the changes?
Probing: Do you believe you were right to get involved and that you made a

contribution to the team?
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Had you set specific goals and did the implementation go according

to plan? How did you monitor progress?

Probing: Please describe how frequently and the format in which information was

provided, and what decisions / actions the information contributed to. Did you use

the performance reports sent every 4 months or local data collection in addition to

the NVR?

How was the participation in the programme and the changes made

received by your team?
Probing: What was the experience of the team members and other colleagues

regarding these changes? Have you involved other colleagues outside your

department? Which ones and in what way? Were they interested in participating?

Did they understand the purpose of the changes, did they engage, did they find
the changes helpful or not, were they supportive? Did they think it is worthwhile?
Did it affect their working routine?

How is your relationship with other specialties involved in the
patient pathway? (eg. IR, anaesthetics, theatre management)

Did the intervention affect your working relationships?

How was progress, decisions and feedback shared with the team?

Have you held any meetings where you presented the results?

What is your opinion on the new CLTI pathway? How did the
changes affect the patients, your own work, the team and the

organisation overall?
Probing: Were there costs associated with the changes? How well the changes

fit with existing practices in your centre?

Did you seek support at senior organisational level or from
stakeholders or key people and how did you approach
them/convince them? Who supported it and what kind of support
did they give?

Probing: Who were the key people who you tried to get on board and how did
you approach them?. What strategies did you use to sell the idea? What was

the stakeholder involvement? Did the stakeholders understand the purpose of

the programme? What did they think of it?

How did the resources, the priorities and the incentives in your
organisation affect your efforts to implement changes in the CLTI

patient pathway?
Probing: Did you have the necessary resources (time and material)? Was

reducing time to revascularisation considered a priority in your organisation?
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Were there other competing priorities or organisational challenges at the same Available

time? Were there any incentives in your organisation to help ensure that the

Resources
changes would be successful?
What were the main difficulties you faced when you tried to N/A
make changes to the vascular service as part of the programme?
What was the main factor that helped you make changes to the N/A
vascular service?
What do you think could be improved? Are there any further Evaluating
changes you would like to make in the future?
What was the impact of COVID, positive or negative, on your N/A
implementation efforts?
Is there anything | should have asked you that | did not ask you? N/A
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Appendix 5: Survey questions

Organisation: (drop down menu from a list of the 13 early adopter Trusts)

Department: Vascular Surgery, Interventional Radiology, Other

Occupation: Doctor, Specialist nurse, Administrator

Please rate the following components Not Moderately| Very Did not
of the PAD QIP useful useful useful |use/ attend
Webinars (for sharing practice) 1 2 3 0
Online quality improvement resources 1 2 3 0
Electronic data collection system (NVR) 1 2 3 0
Quarterly performance reports 1 2 3 0
Which of the following reflects the stage of implementation of the PAD

T Choose one
QIP your organisation is in?
| participate in the PAD QIP but have not decided on any changes yet 1
| have decided what changes to do but have not implemented them yet 2
| have made some changes to reach the PAD QIP timelines as a trial 3
| have integrated the changes into routines and promote its use to 4
others
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1 |l have access to information and materials about the PAD QIP.
5 The supporting materials and resources for the PAD QIP are
informative.
3 The supporting materials and resources for the PAD QIP will
help/have helped with its implementation.
4 |l have good knowledge about the PAD QIP and what it entails.
5 |The PAD QIP is complicated to implement.
6 |The PAD QIP is adaptable to my local setting.
7 |l understand why the PAD QIP is being used in my organisation
There is strong evidence indicating that changes
8 |planned/implemented in my organisation as part of the PAD QIP
will reduce time-to-revascularisation for CLTI patients.
9 The new practices planned/implemented as part of the PAD QIP
are better than previous practices.
10 The changes planned/implemented as part of the PAD QIP are
associated with high costs for the organisation.
11 I think there is a strong need for service changes to shorten time-
to-revascularisation.
The service changes that will be/were made as part of the PAD
12 |QIP meet the needs of the patients with CLTI treated by the
vascular service in my region.
13 | believe that participation in the PAD QIP will be/is effective in
reducing time-to-revascularisation in my organisation.
14 | have positive feelings about changes being implemented in my
organisation as part of the PAD QIP.
15 I am confident that | will be/am able to successfully implement
changes as part of the PAD QIP.
16 The PAD QIP allows me to network with colleagues in similar
positions in other organisations and exchange information.
17 Networking with colleagues outside my organisation will help/

helps with the implementation of changes in my setting.
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Please rate how much you agree or disagree with the following
statements

Completely
disagree

Disagree
Neither agree

nor disagree

Agree
Completely
agree

18

The fact that other organisations are participating in the PAD QIP
has influenced my decision to participate as well.

19

Participating in the PAD QIP and making service changes would
provide an advantage to my organisation compared to other
organisations in the UK.

20

National policy and recommendations have influenced my
decision to participate in the PAD QIP.

21

Financial incentives have influenced my decision to participate in
the PAD QJP.

22

My colleagues and other stakeholders in my organisation think
that there is a strong need for service changes to shorten time-to-
revascularisation.

23

My colleagues feel confident about implementing changes as part
of the PAD QIP.

24

| have good working relationship with colleagues outside my
department who are involved in the PAD QIP.

25

New ideas are embraced and used to make improvements in my
team.

26

I am involved in the decision-making process about what changes
will be/are being implemented in my organisation as part of the
PAD QIP.

27

My team has set specific goals related to the implementation of
changes as part of the PAD QIP.

28

A plan is in place in my organisation about the implementation of
changes as part of the PAD QIP.

29

Changes as part of the PAD QIP are being implemented according
to plan.*

30

My team adjusts the changes we plan according to the PAD QIP
quarterly performance reports.*

31

My team adjusts the changes we plan according to locally
measured performance indicators.*

32

The progress with the PAD QIP is fed back to the team members.

33

The infrastructure of my organisation (size, age, workload,
participation in vascular network) will help/helps with the
implementation of changes as part of the PAD QIP.

34

New ideas are embraced and used to make improvements in my
organisation. My organisation encourages trying new
approaches, innovation and changes.
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Please rate how much you agree or disagree with the following
statements

Completely
disagree

Disagree
Neither agree

nor disagree

Agree

Completely
agree

35

My organisation has a good track-record of implementing
changes.

36

My organisation provides resources that allow the
implementation of changes as part of the PAD QIP.

37

Shortening time-to-revascularisation for patients with CLTl is a
high-priority initiative for my department.

38

There are incentives in my organisation to help ensure that the
implementation of changes as part of the PAD QIP is successful.

39

The implementation of changes as part of the PAD QIP aligns with
the goals of my organisation.

40

Changes that will be/are made as part of the PAD QIP fit well with
the existing work processes and practices in my organisation.

41

There is at least one individual in my organisation who champions
and leads the implementation of changes as part of the PAD QIP.

42

Key stakeholders are involved in the decision-making process
about implementation of the changes.

43

Leaders in my organisation are aware of the PAD QIP but are not
involved in the implementation.

44

Leaders in my organisation support participation in the PAD QIP
and implementation of changes.

45

Influential individuals in my organisation support making changes
as part of the PAD QIP.

Questions indicated with asterisk are only shown if implementation stage 3 or 4 is
selected.
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Appendix 6: Interview codebook

This codebook includes code definitions and coding criteria.

Intervention Characteristics

A. Intervention Source Definition: Perception of key stakeholders about whether

the intervention is externally or internally developed.

Inclusion Criteria: Include statements about the source of
the intervention and the extent to which interviewees view
the change as internal to the organization, e.g., an internally
developed program, or external to the organization, e.g., a
program coming from the outside.

B. Evidence Strength
& Quality

Definition: Stakeholders’ perceptions of the quality and
validity of evidence supporting the belief that the
intervention will have desired outcomes.

Inclusion Criteria: Include statements regarding awareness
of evidence and the strength and quality of evidence, as well
as the absence of evidence or a desire for different types of
evidence, such as pilot results instead of evidence from the
literature.

C. Relative Advantage

Definition: Stakeholders’ perception of the advantage of
implementing the intervention versus an alternative
solution.

Inclusion Criteria: Include statements that demonstrate the
intervention is better (or worse) than existing programs, and
statements about what problems/issues the intervention has
caused.

Exclusion Criteria: Exclude statements that demonstrate a
strong need for the intervention and code to Tension for
Change.

D. Adaptability

Definition: The degree to which an intervention can be
adapted, tailored, refined, or reinvented to meet local
needs.

Inclusion Criteria: Include statements regarding the
(in)ability to adapt the intervention to their context, e.g.,
complaints about the rigidity of the protocol.

Exclusion Criteria: Statements that the intervention did or
did not need to be adapted to Compatibility.

E. Complexity

Definition: Perceived difficulty of the intervention, reflected
by duration, scope, radicalness, disruptiveness, centrality,
and intricacy and number of steps required to implement.
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Inclusion Criteria: Code statements regarding the complexity
of the intervention itself.

Exclusion Criteria: Exclude statements regarding the
complexity of implementation and code to the appropriate
CFIR code, e.g., difficulties related to space are coded to
Available Resources and difficulties related to engaging
participants in a new program are coded to Engaging.

F. Design Quality &

Definition: Perceived excellence in how the intervention is

Packaging bundled, presented, and assembled.
Inclusion Criteria: Include statements regarding the quality
of the materials and packaging.
NVR data Definition: Opinions about the data collection method used

collection* during the programme (National Vascular Registry and the
development of a new specific database on REDCap)

Online Definition: Opinions and use of online resources about Quality

resources® Improvement

Performance Definition: Opinions and suggestions about the quarterly

reports* performance reports that were sent to the local program leads

Webinars Definition: Opinions and suggestions about the online webinars

meetings* and the face-to-face meetings that were conducted as part of the
programme and where clinicians from all participating_centres
met.

PAD QIP Definition: Opinions about the usefulness, aim, purpose of the

overall* programme overall, as this was perceived by the participants

PAD QIP Definition: Suggestions and ideas about how the programme

suggestions*

could be improved in the future and what more it can offer to
participants.

Definition: Costs of the intervention and costs associated
with implementing the intervention including investment,
supply, and opportunity costs.

Inclusion Criteria: Include statements related to the cost of
the intervention and its implementation

Outer Setting

Definition: The extent to which the needs of those served by
the organization (e.g., patients), as well as barriers and
facilitators to meet those needs, are accurately known and
prioritized by the organization.

A. Needs & Resources
of Those Served by
the Organization

Inclusion Criteria: Include statements demonstrating (lack
of) awareness of the needs and resources of those served by
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the organization, such as statements about: 1. Perceived
need for the intervention based on the needs of those
served by the organization and if the intervention will meet
those needs; 2. Barriers and facilitators of those served by
the organization to participating in the intervention; 3.
Participant feedback on the intervention, i.e., satisfaction
and success in a program. In addition, include statements
that capture whether or not awareness of the needs and
resources of those served by the organization influenced the
implementation or adaptation of the intervention.

Exclusion Criteria: Exclude statements that demonstrate a
strong need for the intervention and/or that the current
situation is untenable and code to Tension for Change.

B. Cosmopolitanism

Definition: The degree to which an organization is
networked with other external organizations.

Inclusion Criteria: Include descriptions of outside group
memberships and networking done outside the
organization.

C. Peer Pressure

Definition: Mimetic or competitive pressure to implement
an intervention, typically because most or other key peer or
competing organizations have already implemented or are
in a bid for a competitive edge.

Inclusion Criteria: Include statements about perceived
pressure or motivation from other entities or organizations
in the local geographic area or system to implement the
intervention.

D. External Policy &
Incentives

Definition: A broad construct that includes external
strategies to spread interventions including policy and
regulations (governmental or other central entity), external
mandates, recommendations and guidelines, pay-for-
performance, collaboratives, and public or benchmark
reporting.

Inclusion Criteria: Include descriptions of external
performance measures from the system.

Inner Setting — Team**

A. Team structure**

Definition: Team size, turnover/stability, workload

B. Teamwork**

Definition: The quality of communication within the team
and relationships amongst its members.

C. Culture**

Definition: The norms, values and assumptions of the team,
the degree of autonomy given to staff and their perceptions
of change.
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D. Compatibility**

Definition: Whether the intervention fits with the existing
workflows of the team.

E. Team beliefs**

Definition: Beliefs and perceptions of the team about the
intervention.

Inner Setting - Organisation

A. Structural
Characteristics

Definition: The social architecture, age, maturity, and size of
an organization. Additionally, the vascular network
configuration, and issues that arise due to this, i.e. service
relocation to a different hospital, large catchment area,
information about the Spoke hospitals served by that
arterial centre.

B. Networks &
Communications

Definition: The quality of communications within an
organization and relationships amongst its members.

Inclusion Criteria: This includes communication between
departments or specialties, including the relationship
between the Vascular Surgery and the Interventional
Radiology departments and teams. Include statements
about general networking, communication, and
relationships in the organization, such as descriptions of
meetings, email groups, or other methods of keeping people
connected and informed, and statements related to team
formation, quality, and functioning.

Exclusion Criteria: Exclude statements related to
engagement strategies and outcomes, e.g., how key
stakeholders became engaged with the intervention and
what their role is in implementation, and code to Engaging.
Exclude descriptions of outside group memberships and
networking done outside the organization and code to
Cosmopolitanism.

C. Culture, merged
with Learning
Climate

Definition: Norms, values, and basic assumptions of a given
organization, the degree of autonomy given to staff and
their perceptions of change. Learning climate is a climate in
which: 1. Leaders express their own fallibility and need for
team members’ assistance and input; 2. Team members feel
that they are essential, valued, and knowledgeable partners
in the change process; 3. Individuals feel psychologically
safe to try new methods; and 4. There is sufficient time and
space for reflective thinking and evaluation.

Inclusion Criteria: Inclusion criteria, and potential sub-codes,
will depend on the framework or definition used for
“culture.”
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D. Implementation
Climate

Definition: The absorptive capacity for change, shared
receptivity of involved individuals to an intervention, and
the extent to which use of that intervention will be
rewarded, supported, and expected within their
organization.

Inclusion Criteria: Include statements regarding the general
level of receptivity to implementing the intervention.

a. Tension for
Change

Definition: The degree to which stakeholders perceive the
current situation as intolerable or needing change.

Inclusion Criteria: Include statements that (do not)
demonstrate a strong need for the intervention and/or that
the current situation is untenable, e.g., statements that the
intervention is absolutely necessary or that the intervention
is redundant with other programs.

Exclusion Criteria: Exclude statements regarding specific
needs of individuals that demonstrate a need for the
intervention, but do not necessarily represent a strong need
or an untenable status quo, and code to Needs and
Resources of Those Served by the Organization.

b. Relative Priority

Definition: Individuals’ shared perception of the importance
of the implementation within the organization.

Inclusion Criteria: Include statements that reflect the
relative priority of the intervention, e.g., statements related
to change fatigue in the organization due to implementation
of many other programs.

Exclusion Criteria: Exclude or double code statements
regarding the priority of the intervention based on
compatibility with organizational values to Compatibility,
e.g., if an intervention is not prioritized because it is not
compatible with organizational values.

E. Organisational
Leadership
Engagement

Definition: Commitment, involvement, and accountability of
leaders and managers with the implementation of the
intervention, including whether frontline leaders/managers
(Consultants, departmental managers, divisional managers)
are committed and involved in the implementation.

Inclusion Criteria: Include statements regarding the level of
engagement of organizational leadership.

Exclusion Criteria: Exclude or double code statements
regarding leadership engagement to Engaging.

F. Available Resources

Definition: The level of organizational resources dedicated
for implementation and on-going operations including
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physical space and time, human (staffing), financial,
technological.

Inclusion Criteria: Include statements related to the
presence or absence of resources specific to the
intervention that is being implemented.

Characteristics of Individuals

A. Beliefs and
knowledge about
the Intervention

Definition: Individuals’ attitudes toward and value placed on
the intervention, as well as familiarity with facts, truths, and
principles related to the intervention.

Inclusion Criteria: Include beliefs about the local changes to
the service, that are not captured under “Relative
Advantage”. Beliefs about the PAD QIP as a collaborative
quality improvement programme are captured under
“Design Quality & Packaging”.

B. Self-efficacy

Definition: Individual belief in their own capabilities to
execute courses of action to achieve implementation goals.

Inclusion Criteria: Include comments about their personal
contribution to the local implementation and their ability to
make changes

C. Individual Stage of

Definition: How each person got involved, how they found

Change out about the programme, if they volunteered or if they
were allocated this job. Characterization of the phase an
individual is in, as s/he progresses toward skilled,
enthusiastic, and sustained use of the intervention.

Process
E. Planning Definition: The degree to which a scheme or method of

behavior and tasks for implementing an intervention are
developed in advance, and the quality of those schemes or
methods.

Inclusion Criteria: Include evidence of pre-implementation
diagnostic assessments and planning, as well as refinements
to the plan.

a. Local future

Definition: The specific plans that participants have made

plans* for changes in their centre in the future. Include changes
already planned but also aspirational ones.
F. Engaging Definition: Attracting and involving appropriate individuals in the

implementation and use of the intervention through a combined
strategy of social marketing, education, role modeling, training,
and other similar activities.

Inclusion Criteria: Include statements related to engagement

strategies and outcomes, i.e., if and how staff and intervention
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participants became engaged with the intervention and what their
role is in implementation. Both strategies and outcomes are coded
here. This construct includes the sub-constructs of

Opinion Leaders,
Formally Appointed internal implementation leaders,

Champions (“Individuals who dedicate themselves to
supporting, marketing, and ‘driving through’ an
[implementation]”, overcoming indifference or resistance
that the intervention may provoke in an organization),

External change agents,

Key stakeholders (Individuals from within the organization
that are directly impacted by the intervention, e.g., staff
responsible for making referrals to a new program or using
a new work process)

G. Executing

Definition: Carrying out the implementation according to

plan.

Inclusion Criteria: Statements demonstrating how

implementation occurred with respect to the
implementation plan.

a.

Local pathway
changes*

Definition: Changes that were implemented in each vascular

unit to reach the improvement goal, i.e. reduce time to
revascularisation

H. Reflecting &
Evaluating

Definition: Quantitative and qualitative feedback about the
progress and quality of implementation accompanied with
regular personal and team debriefing about progress and
experience.

Inclusion Criteria: Include statements that refer to the
implementation team’s (lack of) assessment of the progress
toward and impact of implementation, as well as the
interpretation of outcomes related to implementation.
Reflecting and Evaluating is part of the implementation
process; it likely ends when implementation activities end. It
does not require goals be explicitly articulated; it can focus
on descriptions of the current state with real-time
judgment, though there may be an implied goal (e.g., we
need to implement the intervention) when the
implementation team discusses feedback in terms of
adjustments needed to complete implementation.

a.

Data
collection*

Definition: Methods by which data were collected in the
organization, e.g. through local databases, using the online
NVR system. This includes the use of data coordinators/data
clerks.
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COVID-19*

A. COVID positive
effect*

Definition: The effect that the COVID-19 pandemic had on
implementation efforts that facilitated change.

Inclusion Criteria: Statements on the effect of COVID that
were perceived as facilitating the implementation effort or
having a positive effect on patients or the delivery of patient
care,

B. COVID negative
effect*

Definition: The effect that the COVID-19 pandemic had on
implementation efforts that hindered change.

Inclusion Criteria: Statements on the effect of COVID, that
were perceived as hindering the implementation effort or
having a negative effect on patients or the delivery of
patient care

Main facilitating
factor*

Definition: The main factor that the participants think
helped them implement changes in their organization. May
include double coding statements that fit in CFIR constructs.

Main difficulty*

Definition: The main factor that the participants think
hindered their efforts to implement changes in their
organization. May include double coding statements that fit
in CFIR constructs.

A. Other difficulties*

Definition: Factors that are perceived as hindering the
implementation efforts of the participants, apart from the
main one. May include double coding statements that fit in
CFIR constructs.

* These codes were developed inductively by the research team.

** Team level determinants were added in the CFIR framework as described by Rogers

et al., because the existing constructs did not clearly separate the team and

organization-level determinants.

Text in italics indicates changes to the definition or the inclusion criteria made by the

researcher.
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Glossary

AAA QIP: Abdominal Aortic Aneurysm quality improvement programme
ABPI: Ankle-brachial pressure index

ACEIl: Angiotensin-converting enzyme inhibitors

AFS: Amputation-free survival

AKA: Above-knee amputation

AKI: Acute kidney injury

ALI: Acute limb ischaemia

AP: Ankle pressure

ARB: angiotensin receptor blockers

ASA: American Society of Anaesthesiologists

BASIL: Bypass versus Angioplasty in Severe Ischaemia of the Leg (trial)
BIC: Bayesian information criterion

BKA: Below-knee amputation

BMI: Body mass index

BMS: Bare metal stent

CAQDAS: Computer Assisted Qualitative Data Analysis Software
CFIR: Consolidated Framework for Implementation Research
CHF: Chronic heart failure

Cl: Confidence interval

CKD: Chronic kidney disease

CLI: Chronic limb ischaemia

CLTI: chronic limb-threatening ischaemia

COPD: Chronic obstructive pulmonary disease

COVID-19: Coronavirus 19 disease

CTA: Computed tomography angiography

CWD: Continuous wave Doppler

DAPT: Dual antiplatelet therapy

DBP: Diastolic blood pressure

DCB: Drug-coated balloon

DES: Drug-eluting stent
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DFU: Diabetic foot ulcers

DID: difference in difference (analysis)

DSA: Digital subtraction angiography

DUS: Duplex ultrasound

ERIC: Expert Recommendations for Implementing Change
FA: Framework analysis

FTE: Full-time equivalent

GBD: Global Burden of Diseases, Injuries, and Risk Factors Study
GDPR: General Data Protection Regulations

GIRFT: Getting it Right First Time

GLASS: Global Limb Anatomic Staging System

GSV: Great saphenous vein

HDL-C: High density lipoprotein cholesterol

HES: Hospital Episode Statistics

HIC: High-income countries

HQIP: Healthcare quality improvement partnership

HR: Hazard ratio

ICD-10: International Classification of Diseases 10™ revision
IDSA: Infectious Diseases Society of America

IHD: Ischaemic Heart Disease

IMD: Index of multiple deprivation

IQR: Interquartile range

IR: Interventional radiology

IRR: Incidence rate ratio

IS: Implementation Science

IWGDF: International Working Group on the Diabetic Foot
LDL-C: Low-density lipoprotein cholesterol

LMIC: Low and middle-income countries

LOS: Length of stay

LSOA: Lower super-output area

MACE: Major adverse cardiovascular events

MALE: Major adverse limb events
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MDT: Multidisciplinary team

MRA: Magnetic resonance angiography

NCEPOD: National Confidential Enquiry into Patient Outcome and Death
NHS: National Health Service

NICE: National Institute for Health and Care Excellence

NRT: Nicotine replacement therapy

NVR: National Vascular Registry

ONS: Office for National Statistics

OPCS: Office of Population Censuses and Surveys (classification)

OR: Odds ratio

PAD: Peripheral Arterial Disease

PAD QIP: Peripheral Arterial Disease Quality Improvement Programme
PAD: Peripheral Arterial Disease

PARIHS: Promoting Action on Research Implementation in Health Services
PBA: Plain balloon angioplasty

PDSA: Plan-Do-Study-Act (cycle)

PSV: Peak systolic velocity

PTFE: polytetrafluoroethylene

Ql: Quality Improvement

QIC: Quality Improvement Collaborative

QIF: Quality Improvement Framework

RCS CCI: Royal College of Surgeons Charlson Comorbidity Index

RCS: Royal College of Surgeons of England

RCT: Randomised controlled trial

RE-AIM: Reach Effectiveness Adoption Implementation Maintenance
RR: Risk ratio

RRR: Relative risk ratio

SBP: Systolic blood pressure

SCARF: Secondary Care Administrative Records Frailty (index)

SFA: superficial femoral artery

SGLT-2: sodium-glucose co-transporter 2

SINBAD: Site, Ischaemia, Neuropathy, Bacterial infection and Depth
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SPC: Statistical process control

STROBE: strengthening the reporting of observational studies in epidemiology
SVS: Society for Vascular Surgery

TASC: Trans-Atlantic Inter-Society Consensus

TBPI: toe-brachial pressure index

TcPO2: Transcutaneous partial pressure of oxygen
TDF: Theoretical Domains Framework

TMF: Theories, models and frameworks

TP: Toe pressure

UK: United Kingdom

VSGBI: Vascular Society of Great Britain and Ireland

WIfl: Wound, Ischaemia and foot Infection (classification)
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