THE PROGNOSIS OF PATIENTS WITH INTERMITTENT

CLAUDICATION: A PROSPECTIVE COHORT STUDY

Anabelle Mizzi

A dissertation submitted in fulfilment of the requirements for the Doctor of

Philosophy degree at the Faculty of Health Sciences.

Faculty of Health Sciences
University of Malta

January 2021



L-Universita
ta' Malta

University of Malta Library — Electronic Thesis & Dissertations (ETD) Repository

The copyright of this thesis/dissertation belongs to the author. The author’s rights in respect of
this work are as defined by the Copyright Act (Chapter 415) of the Laws of Malta or as modified
by any successive legislation.

Users may access this full-text thesis/dissertation and can make use of the information
contained in accordance with the Copyright Act provided that the author must be properly
acknowledged. Further distribution or reproduction in any format is prohibited without the
prior permission of the copyright holder.



Abstract

The prognosis of the lower limb in patients with intermittent claudication (IC) is considered to
be relatively benign and it is assumed that only 5-10% deteriorate to critical limb ischaemia
(CLI) over 5 years. The perceived benign prognosis supports the recommendation of
conservative management for the vast majority of patients. However, for those who progress
rapidly to severe ischaemia, such an approach may lead to delayed intervention and an
increased risk of morbidity. Early identification of patients at high risk of deterioration may
potentially guide clinical decision making for selection of an interventional management

approach at diagnosis.

To test this hypothesis, four sequential studies were conducted with two primary foci. The first
focus was to determine the rate of progression to CLI among patients with IC. The second was
to determine whether prediction of impending rapid deterioration were possible, potentially

allowing for an alternative management approach in high risk subgroups.

A systematic review of the literature (Study 1) indicated a relatively low risk of deterioration
to critical ischaemia among patients with IC but the evidence is unclear. A retrospective study
(Study 2) of local referral patterns of patients with IC provided the groundwork for the main
studies. Subsequently, a prospective observational cohort study of consecutive patients newly
referred to the vascular unit in the national hospital was conducted (Studies 3 and 4). This
research aimed to explore the prognosis of the lower limb among patients with IC over two
years and to identify predictive factors for deterioration to CLI. The identified independent
predictors were used to design a patient-specific predictive model to stratify patients’ risk of

lower limb morbidity.



One hundred fifty participants (119 men, 31 women; mean age 69.7 years, SD 9.3) were
recruited and assessed for PAD by ankle brachial index (ABI), toe-brachial index (TBI) and
Doppler waveforms at baseline, 12 months and 24 months following enrolment. Duplex scans
were accessed to confirm PAD and/or medial arterial calcification. Diabetes, hypertension,

hyperlipidaemia and smoking history were present in >70% of the cohort.

Within two years 23.3% developed CLI and an additional 27.3% experienced significant
haemodynamic deterioration (decline by >0.15 in ABPI and/or >0.1 TBI). Baseline ABPI <0.5,
ABPI, TBPI, baseline TBPI <0.39, HbA 1c and infrapopliteal artery disease were identified as
independent predictors for the development of CLI within 2 years in patients with IC. A clinical
patient-specific predictive model using the combined predictive value of baseline ABPI, TBPI
and the presence of infrapopliteal artery disease was found to have a significant ‘good level’

predictive value for the development of CLI within two years (AUROC 0.82 p=<0.001).

This work demonstrated that the prognosis of the patient with IC may not be as benign as
previously assumed. Using the proposed predictive model, patients may be stratified as
requiring close haemodynamic monitoring or requiring prompt evaluation for
revascularisation. This new knowledge may potentially support clinical decision making at
initial diagnosis allowing for an individualised approach to management of patients with IC,

aiming to reduce morbidity in this population.
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CHAPTER ONE

Framing the thesis

1.1 Introduction

This research sought to evaluate the prognosis of patients with symptoms of intermittent
claudication (IC). The idea emerged from personal clinical experience as a podiatrist running
a vascular clinic in a primary care setting where I noted wide variations in the rate of
progression of peripheral arterial disease (PAD) in patients presenting with this condition.
Despite similar symptom presentation in this specific population, some patients remained with
relatively stable symptoms, while others progressed rapidly to critical limb ischaemia (tissue

loss and rest pain) in the affected limb, resulting in significant morbidity and even mortality.

Diversity in disease progression is well recognised in patients with IC (V. Aboyans et al., 2006;
M. S. Conte et al., 2015) and is a source of clinical uncertainty surrounding the prognosis of
the individual patient, causing difficulty in the selection of management at initial presentation
(Soden et al., 2017). Despite extensive research on PAD (V. Aboyans et al., 2012; V. Aboyans
et al., 2018; M. H. Criqui et al., 2008; Hyun, Forbang, Allison, Denenberg, Criqui, & Ix, 2014;
J. G. Regensteiner et al., 2008), there is inadequate evidence to accurately predict who is more
likely to deteriorate. Recommended management is generally conservative for the vast majority
of patients (2011 Writing group members et al., 2011; M. S. Conte et al., 2015; Gerhard-
Herman et al., 2017). Early revascularisation in patients with IC is recommended only when
the symptoms are lifestyle limiting (M. S. Conte et al., 2015). Therefore, investigating the
prognostic factors for deterioration could assist in the early identification of those patients who
are more likely to deteriorate. This would allow for a more informed clinical decision for
selection of treatment at diagnosis, improving management of IC, potentially guiding decisions
for early intervention and lead to a reduction in amputation risk and mortality in this population

(M. S. Conte et al., 2019).

This chapter provides a brief background to the subject area of this thesis, namely peripheral
arterial disease and intermittent claudication, encompassing the personal clinical experiences
that have led to this research. A broad overview of the risk factors associated with symptoms

of IC, making particular reference to the Maltese context where this study took place, is



presented. The current knowledge related to the progression of PAD in patients presenting with
this condition is also introduced. The prognosis of IC will be further explored in the next
chapters, followed by a description of the research methodology and subsequent presentation

of the sequential studies presented in this thesis.

1.2 Peripheral arterial disease

Peripheral arterial disease (PAD) is a condition characterized by blockage or narrowing of one
or more of the main arteries, most commonly the superficial femoral artery in the thigh or the
common and external iliac arteries (Mahé et al., 2015) in the lower abdomen which carry blood
to the legs and arms (NICE, 2011). It is the most prevalent chronic disease in the developed
world and is rapidly increasing in importance in the developing world (M. S. Conte et al., 2019;
F. G. R. Fowkes et al., 2013; Song et al., 2019). The prevalence of PAD has been estimated in
several epidemiological studies (V. Aboyans et al., 2018; M. H. Criqui & Aboyans, 2015) and
found to be in the range of 3-10% in the general population, increasing to 15-20% in individuals
over 70 years of age and up to 26% in persons with diabetes mellitus (C. Formosa et al., 2012;
Thiruvoipati et al., 2015). With longer life expectancy, the prevalence of PAD is increasing,
presenting an important public health challenge (Song et al., 2019).

Peripheral arterial disease is commonly caused by atherosclerotic plaques which cause stenoses
or occlusion in the arteries resulting in reduced blood flow to the extremities and is the third
leading cause of vascular morbidity, after coronary heart disease and stroke (F. G. R. Fowkes
et al., 2013). Approximately 80% of patients with PAD are asymptomatic and it is estimated
that about 20-35% complain of exertional leg pain known as intermittent claudication (A. T.

Hirsch et al., 2001; Hooi et al., 2001).

1.3 Intermittent claudication

Intermittent claudication (IC) is the most common symptom of lower extremity PAD and is
defined as pain, cramping or aching in the calf, thighs or buttocks exacerbated by walking and
relieved by rest (V. Aboyans et al., 2018). The prevalence of IC among the general population
is not clear in the literature but is thought to be approximately 3% in people aged 40 years,
increasing to almost 20% in individuals over 65 years of age (Diehm et al., 2004). Intermittent

claudication is associated with adverse outcomes, since patients with IC have a higher risk of



foot deterioration with worsening symptoms and also a higher risk of suffering a heart attack
or stroke than patients with PAD who do not have IC (M. H. Criqui et al., 1992; M. H. Criqui
et al., 2008; Muluk et al., 2001).

The progression of PAD in the symptomatic limb can be divided into three categories: 1) those
who remain stable i1) those who improve and iii) those who develop progressive limb ischaemic
symptoms (5-10%), (C. Diehm et al., 2009), commonly described as critical limb ischaemia
(CLI) with rest pain (pain in the feet at rest), ulceration, gangrene and amputation (Weitz et al.,
1996). Although for most patients with IC, the major fear is amputation, existing literature
reports that the fate of the affected leg in terms of limb loss is generally favourable, with an
amputation rate of less than 2% being reported in the literature (Norgren et al., 2007). To date,
because statistically, the proportion of claudicants who develop CLI is relatively small, IC is
generally described as ‘benign’ and treatment for patients with IC often does not include
revascularisation (Rooke et al., 2012). The perceived benign prognosis has been the foundation
of management guidelines for patients presenting with IC. First line treatment is conservative
and involves administration of preventive medication, smoking cessation (if needed) and

exercise (A. T. Hirsch et al., 2001).

1.3.1 Management of the patient with IC

Vascular care and management of patients with PAD is principally guided by The Trans-
Atlantic Inter-Society Consensus Document on Management of Peripheral Arterial Disease
(TASC II) (Norgren et al., 2007) which was compiled through the cooperation between
medical, surgical, cardiovascular, vascular radiology and cardiology societies in Europe, North
America, Asia, Africa and Australia. This document is periodically updated based on important

new evidence which may influence practice.

In the latest update, TASC II guidelines (Jaff et al., 2015) recommend that in the initial stages
of the disease, the goal of management of IC should primarily address improvement of
symptoms and the systemic impact of the disease through risk factor control, aimed at reducing
the risk of subsequent cardiovascular events (Dormandy & Rutherford, 2000). Ample evidence
(V. Aboyans et al., 2018; Mc Grae McDermott et al., 2002; Rooke et al., 2012; Y. Zhang et al.,
2016) identifies the primary risk factors for the development and progression of PAD, which

include diabetes mellitus, smoking, hypertension, obesity, hyperlipidaemia and impaired renal



function. Due to the generally perceived benign prognosis of the lower limb in IC, where
symptoms remain stable in 85% of the patients, current care guidelines for first line treatment
therefore principally include medical therapy (Gerhard-Herman et al., 2017) (lipid lowering
drugs, antiplatelet agents and blood pressure control (Hess et al., 2017) ) together with lifestyle
modifications (exercise) (Wisloff et al., 2007), and smoking cessation (Armstrong et al., 2014;
Kalbaugh et al., 2018; Quick & Cotton, 1982)). On the other hand, interventional treatment,
such as endovascular or open revascularisation are only recommended when the claudication
significantly interferes with the patients’ quality of life or when the symptoms fail to improve
with conservative treatment and the disease progresses to CLI (Norgren et al., 2007). While
recent updates in TASC II guidelines (Jaff et al., 2015) recommend revascularisation in some
cases of severe disease, there still remains a large majority of patients for whom conservative
management is recommended. As discussed in the following sections, this approach is widely
practised both locally and internationally, but is not founded on strong evidence and further

data to support clinical decision making is required.

1.4 The local context

Malta is a European country comprising of an archipelago with an area of 316 km?, having a
total population of 514,564 (NSO Malta, 2020). It is geographically located 166Km south of
Sicily, and is typically Mediterranean. Being a small island, there is one national major hospital
where all specialist services are located, including the vascular surgery unit which is the only
one available for the whole country. Additionally, there are nine district primary care clinics
dispersed geographically around the island where general practitioner and allied health

services, including podiatry, are provided.

While life expectancy in Malta is higher than the average in the European union (82.01 years
and 80.8 years respectively) (Azzopardi Muscat et al., 2017), the leading cause of mortality in
both men and women, is cardiovascular disease, accounting for two out of every five deaths
[euro.who.int — State of health in the EU. Malta country health profile 2019]. The high rate of
cardiovascular death is possibly due to the genetic predisposition of this specific population to
major risk factors associated with cardiovascular disorders and PAD (Cuschieri et al., 2016; C.

Formosa et al., 2011), most specifically, diabetes mellitus.



The prevalence of diabetes in Malta is approximately 10.4% and is one of the highest in
Western Europe (Cuschieri, 2020) and it may be in part responsible for the increased incidence
of patients with cardiovascular and atherosclerotic diseases in this population [health.gov.mt,
2015]. Additionally, recent reports indicate that 21.5% of the Maltese adult population are
smokers, also among the highest in Europe [euro.who.int — State of health in the EU. Malta
country health profile 2019]. Both smoking and diabetes are associated with more than 7 fold
increased risk of development of PAD (V. Aboyans et al., 2006; Kalbaugh et al., 2018; Rooke
et al., 2011). Furthermore, Malta also has one of the highest obesity rates in Europe with
approximately 70% of the population being overweight or obese (World Health Organization,
2016). The high obesity rate has been related to a shift from a typically Mediterranean diet to
higher consumption of carbohydrates in the last two decades [ec.europa.eu —The Maltese food
basket]. Hypertension and diabetes, which are two main risk factors for cardiovascular events
and PAD (V. Aboyans et al., 2018; F. G. R. Fowkes et al., 2013; Joosten et al., 2012) are highly
associated with obesity, linked through complex biological mechanisms (Jiang et al., 2016),

thus further increasing their prevalence among this population.

These statistics indicate that the Maltese population is at an increased risk not only of
cardiovascular events such as myocardial infarction (Kumbhani et al., 2011) but also of lower
limb events, including ulceration, gangrene and amputation together with impaired quality of
life (J. G. Regensteiner et al., 2008). Such adverse events place a huge economic burden on the
country, the healthcare system, the patients and their families (F. G. R. Fowkes et al., 2013),

highlighting the need for further research aimed at reducing their negative impact.

While the increased prevalence of cardiovascular risk factors among the Maltese population is
known, the prevalence of patients with IC in Malta, patient characteristics and the treatment
outcomes and are not yet well-documented. To date there is no national prospective registry of
patients with IC or PAD in Malta. Furthermore, no local research studies have been conducted
which sought to explore the characteristics and risk factors of patients with IC who are referred
to the Vascular surgery department in Malta. This lack of data in Malta may be attributed to
several factors, such as fragmentation of documentation and sub-optimal referral systems
(Chetcuti et al., 2009), which are further explained in the following sections discussing the

healthcare system in Malta.



1.4.1 The health care system in Malta

Healthcare in Malta is administered and funded by the central government and is free at point
of delivery, supported through taxpayers’ funding (Azzopardi Muscat et al., 2017). In Malta,
patients seeking medical help, have the opportunity to attend a public funded Primary health
care clinic, of which there are nine dispersed around the island, making accessibility easy. The
patient with IC is at liberty of choosing whether to seek help from a general practitioner (GP)
or a podiatrist through a self referral system (Azzopardi Muscat et al., 2017). The choice of
health practitioner, however, often determines the referral route pursued, as described in further
detail in the retrospective review of referral pathways presented later in this thesis (Chapter 4,

Study 2).

Patients who require referral to a vascular surgeon for further expert assessment and
consideration of revascularisation are referred to the Vascular unit located within the national
hospital. Patients who attend any government healthcare facility are registered by a unique
personal identification number onto a clinical patient administration system. This is a digitized
register which stores patient demographics and patient appointments. Clinical data for patients
attending the vascular surgery unit are kept in an additional database where further information
such as duplex scan reports (eg: location and size of arterial occlusion, areas of calcification),
treatment plans and review notes are recorded. This makes it possible to follow patients over
time and to cross link data from the hospital register and specialist databases. During the initial
phases of this research, ethical approval (Appendix 1) was sought in order to be able to access

the required registers and databases for data collection during the study.

For the management of the patient with IC in Malta, vascular surgeons follow
recommendations by the TASC II guidelines (Jaff et al., 2015). Referred patients are assessed
at the vascular surgery unit where evidence of PAD is confirmed using duplex ultrasound
scanning in an outpatient setting. Depending on the severity of their condition, patients who
are not offered revascularisation, are discharged with an open appointment (to contact the
vascular unit if ulceration/ rest pain occurs) or given a review appointment at the outpatient
department once secondary risk factor control is instituted. Patients are referred to smoking
cessation programs and advised to exercise. A supervised exercise programme is currently

lacking in Malta, therefore patients cannot be referred as recommended in the guidelines.



As discussed further in the following section, while the local approach to the management of
patients with IC follows international recommendations, there is insufficient information in

published guidelines to support informed clinical decision making at initial diagnosis.

1.5 Identification of the literature gap and justification of the study

1.5.1 The literature gap

At initial diagnosis, following international guidelines (M. S. Conte et al., 2019; Jaff et al.,
2015), a conservative approach is implemented through medical control of known
cardiovascular risk factors and advice on life-style changes. After a review period, the
therapeutic effect is evaluated and if no improvement is achieved, then an endovascular,
surgical or hybrid approach is recommended, provided that the patient is fit and the current
symptoms are lifestyle limiting as perceived by the patient (M. S. Conte et al., 2015; Hess et
al., 2017). Such a decision is made after taking into consideration various factors which are
centered around the patient’s perception of disability, the type of intervention most beneficial
to the patient over their anticipated life-span, the complexity of the procedure and associated
risks (Simons et al., 2012), availability of vein conduit in case of bypass procedures and
multiple other factors (M. S. Conte et al., 2019). Clinical decision making is difficult due to
the complexities surrounding the individual estimates of morbidity (M. S. Conte et al., 2019;
Norgren et al., 2007), particularly since risk of deterioration in a patient with IC cannot be

predicted with the available evidence (Norgren et al., 2007).

Although the practice of applying conservative management at diagnosis is well established
(Mohler et al., 2008), current evidence does not provide enough knowledge to predict the risk
of deterioration for each individual case (Norgren et al., 2007). Risk prediction, or prognosis
of a condition is required for optimal choice of management strategies (Djulbegovic et al.,
2011). However, in order to determine the prognosis of a condition, knowledge of disease
progression and knowledge of factors which may influence this progression are required
(Norgren et al., 2007). As shown in brief in the following paragraphs and in further detail in
Chapter Two, for the patient with IC, these two elements of information, required for the

understanding of the prognosis of IC, are not clear in the literature.



Following review of published reports related specifically to the progression of arterial disease
in IC, the risk of deterioration to critical limb ischaemia (CLI) varies widely, ranging from
1.4% per year to 21% within 5 years of diagnosis (Aquino et al., 2001; Jelnes, Gaardsting,
Hougaard Jensen, Baekgaard, Tonnesen, & Schroeder, 1986; Jensen et al., 2006; Kumakura et
al., 2016; Naschitz et al., 1988; B. Sigvant et al., 2007). The wide variation could mainly be
attributed to differences in risk factor prevalence, population characteristics, definition of CLI
as the outcome measure, baseline inclusion criteria and study design used in the respective
studies (Bitar & Garcia, 2010). In recently published management guidelines, it was in fact
stated that for the patient with IC, reliable data on the epidemiology of CLI is lacking and
estimates can be highly misleading (M. S. Conte et al., 2019) because progression is likely
underestimated in published reports (B. Sigvant et al., 2016). The lack of evidence and possible
underestimation of deterioration is confirmed in a systematic review (Mizzi et al., 2019)
completed and published in the initial phase of this thesis which is presented in Chapter Four,

Study 1.

The second important identified gap in knowledge related to the prognosis of the individual
patient with IC, is identification of predictors of deterioration (Norgren et al., 2007). There is
an abundance of research in published literature (F. G. R. Fowkes et al., 2013; Joosten et al.,
2012; Khawaja & Kullo, 2009; Ortmann et al., 2012) which identified factors associated with
deterioration of PAD - mainly diabetes, smoking, hypertension and hyperlipidaemia (V.
Aboyans et al., 2006). However, this knowledge is not specific to patients with IC but refers to
both symptomatic and asymptomatic PAD patients. Most predictive research in IC patients is
focused either on predicting mortality and major adverse cardiovascular events (Arboix et al.,
2004; C. Diehm et al., 2009; Gardner et al., 2008; Sartipy et al., 2018) or on predicting
outcomes following revascularisation (Kalbaugh et al., 2018; Miura et al., 2014; Stone et al.,
2014; Taft et al., 2004). For the patient with IC, efforts to establish predictors to help identify
patients at risk of adverse lower limb events at initial diagnosis, is limited (Smolderen et al.,
2015). There is some evidence indicating that an ankle-brachial pressure index of <0.5 or a low
ankle pressure (40-60mmHg) is positively associated with risk of progression to severe
ischaemia (Norgren et al., 2007) but the data is derived from secondary analysis of larger trials
of PAD patients (J. M. Murabito et al., 2002; J. M. Murabito et al., 1997). Therefore,
knowledge of factors that can predict deterioration to CLI has not yet been thoroughly
quantified in IC patients (Tripathi & Verma, 2014).



With this limited evidence to objectively predict progression of arterial disease in a patient
presenting with IC, it is at present difficult to identify those patients at highest risk of
developing CLI (M. S. Conte et al., 2019; Norgren et al., 2007). This lack of evidence prevents
identification of patients who are likely to benefit from more prompt aggressive interventions
(Tripathi & Verma, 2014). This uncertainty, together with the perceived benign prognosis of
the affected limb justifies the clinical recommendations of conservative management as first
line treatment for the majority of patients presenting with IC (Jaff et al., 2015), but it is an
approach which may be inadequate for those who are at risk of developing progressive
ischaemic limb or life threatening events. Delaying revascularisation in a high risk patient
cohort may lead to poorer outcomes due to delayed intervention and possible loss of less risky

endovascular options (M. S. Conte et al., 2019; Ferrari et al., 2004; Wolosker et al., 2003).

The current inability to reliably and prospectively identify patients who would have a poor
prognosis following conventional medical treatment highlights the need for further work in this
field. New data would be required for the possible development of clinical algorithms and risk
stratification methods of patients who are likely to develop CLI, to assist clinicians in advising
patients about potentially risky interventions to revascularise the limb and prevent CLI.
Evidence that enables clinicians to predict the benefit:risk ratio on an individual patient basis
in this patient group would be a major step towards providing patient centered and patient
specific advice based on sound and robust evidence rather than clinician preferences. It is hoped
that this new data would provide further knowledge to underpin a review in approach to
treatment of patients with IC with the ultimate aim of reducing limb loss and mortality in this

group of patients.

1.5.2 Justification of the study

The justification for this research is to address the current gaps in the current literature with
regards to the prognosis of patients with IC at initial diagnosis and to provide robust data to
inform and add to the body of knowledge to help guide physicians in clinical decisions and
prevent deterioration to CLI. The literature highlights the increase in risk of adverse
cardiovascular events in patients with IC compared to age matched controls (Muluk et al.,
2001) but the risk is increased further in those with critical limb ischaemia (Brass & Hiatt,

2006). For the patient with IC, prevention of deterioration to CLI is crucial, because the



prognosis of CLI is unfavourable, for both life and lower limb outcomes (M. S. Conte et al.,

2019).

Once CLI develops, prognosis is very poor with a 1-year mortality rate of 25% (Anand et al.,
2018) which increases to 45% in those who undergo major amputation (Kristensen et al., 2012).
Furthermore, in terms of the lower limb, unless revascularisation is established, the
development of CLI is associated with poor prognosis, with a 200-fold increased risk of
amputation and a 3-fold increased risk of mortality, highlighting that prevention of

deterioration is paramount (Anand et al., 2018).

While revascularisation is known to improve functional capacity and quality of life, with
subsequent improvement in control of atherosclerotic risk factors further leading to reduction
in major adverse cardiovascular events (Fakhry et al., 2018; Mazari et al., 2017; McDermott et
al., 2001; McDermott et al., 2004), this is currently not recommended primary management for
the vast majority of patients presenting with IC, due to the evidence gaps previously
highlighted. There is currently insufficient evidence to enable the prediction of which patients
with IC will progress to CLI and therefore who would benefit from early intervention (Norgren
et al., 2007; Tripathi & Verma, 2014). In those at risk, this approach may result in delayed
treatment and loss of opportunity for early endovascular or surgical therapy which may be more
effective (Wolosker et al., 2003). As time passes, clinical deterioration is more likely and the
possibility for successful revascularisation is often significantly compromised (M. S. Conte et
al., 2019). Exploring the possibility of identifying predictive factors which can be used for
early identification of patients who are more likely to deteriorate and potentially guide the
clinical making for selection of appropriate treatment is therefore important and justifies the

need for this research.

This gap in knowledge prompted the need for the current work, highlighting the necessity for
new evidence to identify those patients who are more likely to progress to CLI and to establish
the temporal progression of the disease so that timely intervention can be provided. Timely
revascularisation is key, when the patient’s general fitness is likely to be better due to younger
age and fewer comorbidities, resulting in lower perioperative risks than when performed at a
more advanced age and advanced stage of the disease (Salas et al., 2004; Siracuse et al., 2014).
In addition, delaying intervention is associated with the need for more complex and invasive

procedures due to progression of the disease which translates into a higher risk in a frailer
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patient. It is hoped that knowledge derived from this thesis related to the prognosis of IC could
help support the clinical decision for preventive intervention in patients presenting with IC,
identified as being at high risk of deterioration to CLI, leading to the desired outcome of
reduced lower limb morbidity, better quality of life and possibly improved survival in this

population.

This information could support better estimation of the patient risk for subsequent events and
may provide clinicians with an efficient way to stratify deterioration risk at initial diagnosis of
IC. Risk-stratification of IC patients may be clinically useful to support choice of management,
whether to apply a conservative approach, adding a more intensive follow-up approach or

whether more aggressive treatment should be considered.

1.7 Development of the research question

The clinical uncertainty related to the prognosis of the patient with IC which does not allow
for informed clinical decision making at diagnosis, highlights the need for further evidence
which would help in identifying those patients who would benefit from preventive intervention.
Further research evaluating the possibility of identifying a pattern of characteristics and risk
factors of those patients with IC who progress to develop CLI is required. The identification of
predictive factors can be used to identify patients who are likely to have poor outcomes with
conservative treatment alone and to forewarn physicians of the possible need of preventive

intervention.

Revascularisation improves lower limb perfusion, reduces symptoms (West et al., 2012) and
would allow the patient to be more mobile which has been shown to result in better control of
atherosclerosis risk factors, thus reducing the risk of adverse events (Iso & Suzuki, 2015;
Spannbauer, Chwata, Ridan, Berwecki, Mika, Kulik, Berwecka, & Szewczyk, 2019a).
Additionally, early intervention, that is, when the patient is younger with fewer comorbidities
and before progression of PAD occurs, will result in reduced perioperative risks with the
additional possibility of performing less technically challenging interventions since the disease
is at a less advanced stage (Salas et al., 2004; Siracuse et al., 2014). Intervening before the
onset of gangrene or deep ulceration would also mean that there is less risk of minor foot
amputation and loss of digits (Anand et al., 2018). Minor foot amputations (amputations below

ankle) are associated with reduced mobility, reduced stability (Guest et al., 2019) and increased
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risk for further ulceration due to abnormal plantar pressures (Motawea' et al., 2015) often
resulting in the patient requiring specific footwear to reduce risks of further ulceration (Yonclas

& O'donnell, 2005).

This research is intended to provide prognostic information related to the identification of
patients with IC who are more likely to develop CLI. It is planned that once the prognostic
factors for deterioration to CLI are established, a patient-specific predictive algorithm of the
risk of developing CLI will be developed with the aim of reducing risk of amputation and
improving quality of life and long-term outcomes in patients living with IC. Currently, while
predicitive algorithims to stratify risk exist for patients with CLI (Kodama et al., 2018), there
are none available for patients with IC. Information gained from this research could mean fewer
foot complications due to timely revascularization and possibly a reduced morbidity for the

patients with IC.

1.7.1 The research aim

This research aims to identify predictors for the progression of PAD to CLI among patients
presenting with IC and use the identified predictive factors to develop a novel patient-specific

predictive algorithm to help stratify the predictive risk for CLI and define the likely prognosis.

1.7.2 The thesis research question and hypotheses
In order to reach the aim of this thesis, the following research question was proposed:

Is there a pattern of predictive patient factors among patients with IC which identifies

patients at risk of deterioration to CLI within two years?

The research objectives were:

o To determine risk factor prevalence, patient characteristics of patients

presenting with IC

e To identify predictive risk factors for deterioration from IC to CLI and the effect

of different combinations of risk factors

o To develop a novel predictive algorithm for identifying patients at high risk of
deteriorating to CLI within two years

12



The research hypotheses were:

Ha: there is a pattern of predictive factors among patients with IC which identifies patients at

risk of deterioration to CLI within two years

Ho : there is no pattern of predictive factors among patients with IC which identifies patients at

risk of deterioration to CLI within two years

1.8 The structure of this thesis

In order to achieve the main aim of the study and answer the thesis research question posed,
this research was developed around a series of quantitative investigations that built sequentially
within the critical realist pathway, each with study-specific objectives presented in separate

chapters in this thesis. This thesis was completed in three phases.

Phase 1 Phase 2 Phase 3
March 2016 to July 2016 July 2016 to July 2017 July 2017 to July 2019
Study 1 Study 3 Study 4
The prognosis of The The prognosis of

patients with IC.
A systematic
review

":> characteristics of

patients with IC. A
prospective

Ifl::] cohort study.

e The prevalence

patients with IC.
Two-year results

":> of a prospective
observational

longitudinal study.

Study 2

pathways for IC

defined

of risk factors e 12-month
Retrospective ":> and patient follow-up data
analysis of characte;rlstlcs and
referral at baseline were e 24-month

follow-up data

(Baseline data)

patients in Malta

Figure 1.1 Flow diagram of thesis studies
Phase 1 of the thesis established the groundwork for the main study. During the first phase, the

current knowledge in the literature related to the progression rate of PAD among patients with

IC was explored through a systematic review (Study 1). Through robust analysis, this study
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confirmed the literature gap and provided the underpinning justification for the design of the
main study in which prognostic factors in PAD progression were investigated. Additionally,
during the first phase of the research, to determine the scale of the problem and feasibility for
conducting the main investigation (studies 3 and 4), the annual incidence rate of patients with
IC referred for revascularisation at the national vascular unit and the service pathways
employed were explored through a retrospective study of referral pathways in Malta (Study
2). This study draws on retrospective data from electronic databases within the Vascular unit
in the general hospital to determine the incidence of the potential participant population for the
planned research while also illustrating the clinical referral pathways employed for specialist

intervention.

Phase 2 of this thesis explored the characteristics and treatments of patients with IC through a
prospective registry of patients with IC (Study 3) in order to provide insight into the patient
characteristics of this population. During this phase of the thesis, the characteristics of the
patient with IC in Malta were defined since this information was currently lacking. This
deficiency may be a potential hindrance to the formulation of specific preventive plans such as
establishing lifestyle clinics and supervised exercise programs or having enough availability of
medication (statins and anti-platelets) (Bevan & White Solaru, 2020) which are provided free
to those at risk (Azzopardi Muscat et al., 2017). The prospective registry included newly
referred consecutive patients with IC, comprised the recruited participants for study 4 and

provided the baseline characteristics of the participant group.

Phase 3 of the thesis investigated the progression of PAD in patients with IC and evaluated
prognostic factors related to the outcomes of patients after 2 years. This was achieved through
a prospective observational longitudinal study (Study 4). Patterns of predictive factors among
participants who progressed to CLI were investigated. This enabled the development of a novel
patient-specific algorithm of predictive factors to allow for the identification of patients more

likely to deteriorate to CLI and therefore benefit from early intervention.

1.9 Presentation of this thesis

Chapter One: This chapter presents the background to the research topic and provides the
context of the study. It describes the influences from clinical practices on the researcher which

led to the development of the research question and describes the design of the thesis.

14



Chapter Two: This chapter provides a comprehensive review of the current literature related
to peripheral arterial disease and more specifically intermittent claudication. It presents an
overview of the epidemiology, risk factors, complications and current treatment guidelines for
patients with IC in terms of revascularisation and conservative management. This chapter also
presents and justifies methods used for the diagnosis of IC including analysis techniques

employed for vascular assessment which were used throughout this research project.

Chapter Three: Methodology. This chapter presents the overall philosophical approach
together with the justification of the methodological design applied in this thesis. It describes
how a series of quantitative investigations built iteratively towards the aim of this research

project.

Chapter Four: This chapter presents the preliminary work completed as a foundation to the
main study of this research. The two review studies presented in this chapter provided the
groundwork for this research. ‘The progression of PAD in patients with IC. A systematic
review’ (Study 1). This systematic review explored the current knowledge related to the
temporal progression of PAD in patients with IC. The second study, ‘A retrospective review
of referral pathways in Malta’ (Study 2), presents the initial background work done in this
research, analyzing the incidence of referrals of patients with IC in Malta and revealed the
referral pathways employed within the health service while drawing attention to possible

improvements within the local clinical pathways.

Chapter Five: This chapter presents the methods employed for data collection of the
prospective studies (study 3 and study 4). It describes the recruitment processes, methods for
haemodynamic analysis and collection of all the data pertaining to both studies. The ethical
considerations employed in this thesis are also presented. In this chapter, the general methods
including vascular assessment techniques, outcome measures, definitions and analysis applied

throughout the research are discussed.

Chapter Six: ‘The characteristics of patients with IC’ (Study 3). This chapter presents a
prospective cross-sectional observational study of patients with IC and analyses the baseline
patient characteristics of the recruited participants. This study explores and compares the
characteristics and medication regime of the study population with similar populations in other

countries drawn from previously published studies through statistical analysis of the data.
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Chapter Seven: ‘The prognosis of patients with IC’ (Study 4). This chapter presents a
prospective longitudinal observational study investigating the progression of PAD and the
outcomes of patients with IC over two years. Predictive factors for deterioration were assessed
by regression analysis and are discussed in this chapter. A novel patient-specific predictive
algorithm is presented and discussed within the context of the clinical contribution towards the
management approach of patients with IC. The analysis under the receiver-operator
characteristic (AUROC) curve method was applied to evaluate the performance of the

predictive algorithm.
Chapter Eight: This chapter presents the discussion and conclusions drawn from this research.

Potential limitations throughout the work are discussed and suggestions for future research are

also presented in this chapter.
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CHAPTER TWO

The literature Review

‘More than a century has passed since Brodie (1846) first described in man the
symptom complex which we now call intermittent claudication. He clearly recognised its
association with obliterative arterial disease of the main arteries of the lower limbs, and he
pointed out that it was frequently a premonitory symptom of what was then called ‘senile
gangrene’. Although we still recognise these associations there is little reliable information
about the prognostic significance of intermittent claudication’.

(Richards, 1957, p.1093)

2.1 Introduction

This chapter provides an overview of previous research on intermittent claudication [IC] and
its prognosis. It introduces the framework for the main study that comprises the main focus of
the research described in this thesis. Reviewing previous work helped to scope out key data
collection requirements for the research to be conducted and helped form the study design. The
appreciation of previous work also helped to provide direction and perspective to this thesis.
Through critical analysis of previous works, this literature review provided an opportunity to

identify important biases to be addressed during the design process of this research.

There is an extensive amount of literature regarding both peripheral arterial disease [PAD] and
IC dating back to the 1950s (Richards, 1957; Spaulding, 1956) and a synthesis of published
works in this chapter provides an overview of the research topic. This narrative critical review
of previous research was conducted to provide a better understanding of the condition and
establish what is known about its management, while also setting the background to the
research in this thesis. Existing research has founded several published international guidelines
and clinical recommendation documents pertaining to the management of IC (M. S. Conte et
al., 2019; European Stroke Organisation et al., 2011; Hess et al., 2017; Rooke et al., 2011).
However, although published guidelines are established on knowledge related to disease

progression, prognostic evidence for the patient with IC is still unclear. The insufficient
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evidence in existing published research specific to the prognosis of the individual patient with

IC justified the need of the research described in this thesis.

2.1.1 Search strategy

The search strategy conducted for this review included both electronic and non-electronic
searches as a source of information. The main search engine that was utilised was HyDi, which
is a search gateway provided by the University of Malta. The search facility incorporates
searches from several subscribed databases including EBSCO, PubMed, ProQuest and Ovid
(Medline) and enabled advanced searches for both online and print library sources. Online
search in other databases including Science Direct, Cochrane, Scopus and Google Scholar were

employed. Grey literature was also searched for guidelines, guidance articles and reviews.

There were no limits to date of publication since historical articles were of interest. Although
literature searches were conducted in the English language, HyDi also provided articles
published in foreign languages that were translated into English. Therefore, no limitation for

language was applied in the search.

Related search terms were identified through extensive reading related to the field of PAD and
IC and were combined using Boolean operators which were supported by HyDi. The search

included key words relating to four domains

1) ‘peripheral arterial disease’, including alternative terms such ‘peripheral vascular disease’,
‘peripheral occlusive disease’, ‘peripheral atherosclerotic disease’ and corresponding
acronyms (such as PAD, PVD, POAD, LEAD)

2) ‘Intermittent claudication’ including alternative terms such as ‘chronic lower limb
ischaemia’, ‘symptomatic PAD’, ‘non-threatening lower limb ischaemia’, ‘claudicant’

3) ‘prognosis’ including alternative terms such as ‘prognostic’, ‘predictive’, ‘progression’

4) ‘management’ and alternative terms such as ‘treatment’, ‘revascularisation’, ‘therapy’,
‘intervention’, ‘management guidelines’. Supplementary key terms were added when specific
information was required including ‘diagnosis’,  ‘epidemiology’,  ‘definition’,

‘pathophysiology’ and ‘incidence’.
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This chapter presents a comprehensive review of the epidemiology, risk factors and
classification of IC due to PAD. The current diagnostic techniques, management as well as
knowledge related to the natural history of IC are also discussed. Although this search was
performed in the initial phase of this research, continuous updating of the literature was

conducted until submission of this thesis.

2.2 Peripheral arterial disease

Peripheral arterial disease (PAD) is the preferred term for the occlusion (stenosis) of one or
more arteries (Hiatt et al., 2008) of the arterial network that supplies the brain, visceral organs
and limbs but excludes coronary arteries (A. T. Hirsch, Haskal, Hertzer, Bakal, Creager,
Halperin, Hiratzka, Murphy, Olin, Puschett, Rosenfield, Sacks, Stanley, Taylor, White, White,
White, Antman, Smith, Adams, Anderson, Faxon, Fuster, Gibbons, Halperin et al., 2006).
Numerous physiological processes can contribute to the development of arterial stenosis
including vasculitis, dysplastic disorders, degenerative diseases and atherosclerosis.
Atherosclerosis is however the most common disease process causing PAD (American College
of Cardiology Foundation et al., 2010). Atherosclerosis is a systemic process in nature therefore
(Levey et al., 2003), although the term PAD is often used to refer to lower extremity arterial
disease, it includes a large series of disorders affecting several arterial beds making patients
with PAD at a higher risk not only of lower limb morbidity but also for myocardial infarction
[MI], stroke and all-cause mortality (Anand et al., 2018). Although it is unlikely that lower
extremity PAD is a direct cause of atherosclerotic diseases affecting the heart or the brain, its
diagnosis may serve as a marker for underlying atherosclerotic susceptibilities affecting other
vascular beds. This relationship has an important clinical value to the extent that PAD has

prognostic significance independent of other known risk factors (M. H. Criqui et al., 2008).

Following several epidemiologic studies, PAD prevalence has been estimated to lie within the
range of 3-10% in the general population below the age of 70, increasing to 15-20% in persons
over 70 years of age (M. H. Criqui & Aboyans, 2015; F. G. Fowkes et al., 1991; E. Selvin &
Erlinger, 2004). As a result of an increase in longevity, a rise in prevalence was observed
between the years 2000 and 2010 resulting in an estimated affected number of more than a
quarter of a billion people worldwide, of whom 40 million were in Europe (F. G. R. Fowkes et

al., 2013). In an updated systematic review of population based studies, the estimated
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prevalence was 5.56% in people aged 25 years or older, leading to a global estimate of 236.63

million people having PAD (Song et al., 2019).

Despite its prevalence and importance, PAD is poorly understood by the general public (A. T.
Hirsch et al., 2007) and underdiagnosed in primary care, leading to under-treatment of the
condition (A. T. Hirsch et al., 2001; J. G. Regensteiner et al., 2008). In part, the reason is due
to frequent absence of symptoms or atypical manifestations of the disease, with only 25-35%
of patients experiencing the hallmark symptom of PAD, which is intermittent claudication [IC]
(Hoeks et al., 2007). Limited exposure to PAD, its risk factors, preventive measures and
complications in medical school curricula has also been associated with suboptimal knowledge
of general practitioners with regards to identifying the clinical signs of the disease (AlHamzah

etal., 2019).

While both symptomatic and asymptomatic PAD increase the risk of cardiovascular events
(Bianchi et al., 2007; M. S. Conte et al., 2015), patients with IC are at a heightened risk of
suffering an MI, stroke and vascular morbidity when compared with patients without

symptoms (V. Aboyans et al., 2018; C. Diehm et al., 2009; Kollerits et al., 2008).

2.2.1 Increased risk in symptomatic PAD

Patients with symptomatic PAD are at increased risk of major adverse cardiovascular events
compared to patients with PAD who do not manifest symptoms (K. Cassar, 2006; M. H. Criqui
et al., 2008; Sartipy et al., 2018) and the risk of mortality is double that observed in the general
population (Sartipy et al., 2018). A long-term follow up of patients with symptomatic PAD
indicated that approximately 30% will suffer a cardiovascular event within 5 years (Rantner et
al., 2017). A three-year follow-up study of patients with IC (Bonaca et al., 2013) showed that
12% suffered a major adverse cardiovascular event [MACE], including stroke, myocardial
infarction and death, while 4% had acute lower limb ischaemia. After revascularisation, the
risk of suffering a MACE among patients with IC significantly increased when compared to
patients with asymptomatic PAD with an adjusted hazard ratio [HR] of 1.29 (95% confidence
interval [CI]) (B. Sigvant et al., 2016). Lower limb morbidity is also worse in symptomatic
PAD compared to those without symptoms. A long-term follow-up study reported a cumulative

incidence of PAD deterioration over 5 years of 7% in patients with asymptomatic PAD, while
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for patients with IC the 5-year cumulative incidence for PAD deterioration was 21% (Sartipy

etal., 2018).

Symptomatic PAD profoundly affects the patient’s ability to walk or exercise and as a result is
associated with a reduced quality of life (Dumville et al., 2004; J. Nordanstig et al., 2014; J. G.
Regensteiner et al., 2008). The symptoms can resolve spontaneously, remain stable for several
years or may progress rapidly to develop critical limb ischaemia (CLI) (S. M. Conte & Vale,
2018). For those who progress to CLI, prognosis for life and limb is poor with high rates of
morbidity and mortality (Anand et al., 2018; Cascini et al., 2020; Meshkin et al., 2020).
Consequently, together with its pronounced risk for morbidity and mortality, management of
IC is an important health problem (Kollerits et al., 2008; OECD., 2018; Vogel et al., 2009).
The main objectives of this review is to evaluate the evidence surrounding the current
recommended management approach for patients with IC and to identify risk factors associated

with progression of the PAD in this group of patients.

2.3 Intermittent claudication

Intermittent claudication is the most common symptomatic expression of PAD (K. Cassar,
2006) and is defined as cramping, discomfort, fatigue or aching occurring in the calves, thighs
or buttocks, which is reproducibly produced due to exercise-induced ischaemia and is relieved

by rest within ten minutes (Moyer & U.S. Preventive Services Task Force, 2013).

The first mention of this syndrome, described as ‘progressive limping and lameness’ was by
Bouley (Bouley, 1831), a veterinary surgeon. Through the post-mortem of a horse he
discovered that the femoral arteries of the limb which exhibited a limp, were completely
occluded by a fibrous blood clot. In humans this symptom was first described by Brodie
(Brodie, 1846) and later defined as intermittent claudication by Charcot (Charcot, 1858) who
associated IC with occlusion of the iliac artery. While earlier scientists erroneously attributed
the symptom as a consequence to vasospasm factors up to the 1940s (Lindqvist, 1945; WU,
1898) today it is known that the pathophysiology of claudication, is complex and occurs due
to limitations of blood flow during exercise with associated metabolic, neurological and

inflammatory effects (K. J. Stewart et al., 2002).
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An understanding of the arterial anatomy of the lower extremity (Figure 2.1) where symptoms
are involved, may guide diagnosis and treatment plans, since the anatomical site of the stenosis
or occlusion is associated with the symptomatic muscle group (Rooke et al., 2012). For
example, pain in the calf muscles is generally associated with occlusive disease in the
superficial femoral and popliteal arteries, while disease in the tibial arteries may result in calf
pain or, although uncommon, foot pain and numbness (A. T. Hirsch, Haskal, Hertzer, Bakal,
Creager, Halperin, Hiratzka, Murphy, Olin, Puschett, Rosenfield, Sacks, Stanley, Taylor,
White, White, White, Antman, Smith, Adams, Anderson, Faxon, Fuster, Gibbons, Halperin et
al., 2006). The primary sites of stenosis involved with IC symptoms are most common in the
femoral and popliteal arteries (80-90% of patients), followed by the tibial and peroneal arteries
(40-50%) and the aorta and iliac arteries (30%) (Meru et al., 2006).

However, identification of the site of symptoms is insufficient for diagnosis as IC due to PAD

needs to be distinguished from other conditions which may cause similar symptoms of leg pain

R [ \l Common iliac artery
External iliac artery Internal iliac artery

Common femoral artery

Superficial femoral artery

Profunda femoris artery

Popliteal artery

Anterior tibial artery

Peroneal artery

Posterior tibial artery

Figure 2.1 Anatomy of the Peripheral arteries. Adapted from Peach et al. (2012).

during exertion (Carman & Fernandez, 2000). These include severe venous obstructive disease,
chronic compartment syndrome, lumbar disease, spinal stenosis, osteoarthritis and
inflammatory muscle disease (K. Cassar, 2006; Dormandy & Rutherford, 2000). The
appropriate diagnosis of IC due to PAD is important as it guides management choices (C.
Diehm et al., 2009; A. T. Hirsch, Haskal, Hertzer, Bakal, Creager, Halperin, Hiratzka, Murphy,
Olin, Puschett, Rosenfield, Sacks, Stanley, Taylor, White, White, White, Antman, Smith,
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Adams, Anderson, Faxon, Fuster, Gibbons, Hunt et al., 2006) as discussed in further detail in
section 2.6. Additionally, since not all patients with PAD experience symptoms of IC the
reported prevalence may be influenced by the diagnostic methods applied (McDermott et al.,

2001) as further discussed in section 2.4.1.

24 The clinical pathway for diagnosis of IC

Patients with IC often first seek medical help in primary care clinics (Argyriou et al., 2013;
Davies et al., 2017) and depending on the health care system, advice is sought either from a
general practitioner or a health care professional such as a physiotherapist or a podiatrist.
Despite the utility of the symptom of classic claudication used to identify PAD, it can be
misleading in cases of neurological origin of the symptom. For this reason, questionnaires,
which were previously used in studies as diagnostic tools, may be unreliable and adjunct

vascular analysis is required.

Diagnosis of symptomatic PAD within the clinical context therefore includes a detailed
medical history, clinical examination and vascular tests which are essential to distinguish the
IC due to PAD from other conditions that may cause leg pain (V. Aboyans et al., 2018).
Guidelines recommend physical examination for the presence of diminished pulses of the
common femoral, popliteal, posterior tibial and dorsalis pedis arteries and haemodynamic
analysis by ABPI in patients suspected of having PAD (Bevan & White Solaru, 2020; Marbach
et al., 2020). Imaging modalities such as duplex ultrasound are also viable diagnostic tools, but
not commonly available in a primary care clinical context. Symptom severity may be
established using validated questionnaires or treadmill testing, which is also not easily
available in routine clinics but more commonly used in research. The different methods of

vascular assessment methods for diagnosis of IC are further discussed in section 2.4.1.

2.4.1 Haemodynamic analysis

According to international guidelines (M. S. Conte et al., 2019), the diagnosis of PAD in an

outpatient setting includes the assessment of Doppler waveforms and the measurement of the

ABPI. A further assessment by TBPI is advocated in patients who have abnormally high ABPI
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or who are known to have calcified arteries. The assessment modalities for diagnosis of PAD

are each discussed in detail in sections 2.4.1.1 to 2.4.1.4.

2.4.1.1 The Ankle brachial pressure index

The ankle-brachial pressure index (ABPI) is the ratio of the ankle pressure divided by the
brachial pressure and is determined by measuring the systolic pressure of the dorsalis pedis,
the posterior tibial artery and the brachial systolic blood pressure detected by continuous wave
Doppler with the patient in a supine position. The protocol on how to perform the actual test
has been clearly defined (V. Aboyans et al., 2012) and was adopted in this research. The
protocol is summarised in Chapter Five table 5.1. The ABPI is a useful clinical tool for
measuring ankle perfusion and diagnosing PAD (V. Aboyans et al., 2018) and it is also a

marker for cardiovascular disease (Anand et al., 2018).

Normal values of ABPI range from 0.9 to 1.39 and an ABPI of 0.9 or lower is one of the main
diagnostic tools used in the clinical setting for diagnosing PAD (M. S. Conte et al., 2019). Low
values of ABPI are predictive of risk of subsequent cardiovascular events (Hajibandeh et al.,
2017) and the test provides an indication of severity of PAD and urgency of referral. It is widely
used by a variety of healthcare professionals in primary settings because it is a non-invasive
measure of PAD and can be performed by trained healthcare professionals in a clinical setting
(M. S. Conte et al., 2019; Davies et al., 2017). Despite its widespread advocated use, ABPI has

important limitations which impact its reliability.

Firstly, the reliability of the test is operator dependant since it requires expertise in the use and
interpretation of Doppler waveforms when detecting the pulse of the pedal arteries (Kim et al.,
2020; P. E. Tehan & Chuter, 2015). Highly trained clinicians are more likely to report accurate
ABPI measurements compared to less trained physicians (V. Aboyans & Lacroix, 2007).
Secondly, in cases when the ankle arteries are calcified, often manifested in patients with
medial calcinosis, diabetes mellitus, end stage renal disease or smokers, the artery is
incompressible despite cuff inflation >250mmHg, or systolic pressure is measurable but ABPI
is higher than 1.4 (Abouhamda et al., 2019; V. Aboyans et al., 2012). There are also instances
when due to medial arterial calcification (MAC), the ankle pressure is measured but is falsely
elevated due to delayed arterial closure by the cuff caused by arterial stiffness leading to

pseudo-normal ABPI values in patients with significant disease (C. Formosa et al., 2013). This
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occurs because when calcification is present, stenotic disease is not detected by ABPI (V.
Aboyans et al., 2008). For this reason, when diagnosing PAD, an ABPI of <0.9 has a sensitivity
of 75% and a specificity of 86% but sensitivity has been reported to be as low as 38% in

individuals with diabetes and patients with medial calcification (Khan et al., 2008).

In patients with bilateral claudication, ABPI was compared as a diagnostic tool for PAD with
Duplex ultrasound, which is considered to be highly accurate (Allen et al., 1996). ABPI was
significantly more consistent when the most symptomatic limb was compared. Better
sensitivity in detecting disease by ABPI was reported when the lower of the pressures recorded
between the two pedal arteries (posterior tibial and dorsalis pedis) was used (Schroder et al.,
2006). This method was applied in several epidemiological studies (Kumbhani et al., 2011;
Rantner et al., 2017). Although it is argued that for screening the general population for PAD
using the higher of the two is more feasible because it yields better specificity resulting in less
erroneous referrals (V. Aboyans & Lacroix, 2007), using the lower ankle pressure improves
the diagnostic performance of ABPI to detect PAD and is a better tool when assessing risk in

symptomatic patients (Schroder et al., 2006).

The significant limitations of ABPI as a measure of PAD in patients with MAC has driven
researchers and clinicians to increase the application of TBPI as an additional modality of
vascular assessment due to its improved reliability even in patients with arterial stiffness

(Chisalita et al., 2020).

2.4.1.2 The Toe-brachial pressure index

The toe-brachial pressure index (TBPI) is the ratio of the toe pressure divided by the systolic
brachial pressure and objectively measures blood perfusion up to the toes (P. Tehan et al.,
2015). It is conducted by measuring the toe pressure using a small pressure cuff and a
photoplethysmographic sensor to detect a pulse at the big toe instead of the pedal pulses used
for ABPI tests (Figure 5.2, Chapter 5 section 5.6.2.3).

In the last decade this assessment modality has received increasing attention (Bundo et al.,

2013; Martin Borge et al., 2008; Stoekenbroek et al., 2015; P. E. Tehan et al., 2017; P. Tehan
et al., 2015) due to its ability to provide more reliable results than ABPI in patients with MAC
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since the digital arteries are less prone to calcification (P. E. Tehan et al., 2016). In this regard,
TBPI has a sensitivity of 71% compared to 45% in ABPI in patients with confirmed PAD but
a lower specificity than ABPI (93% for ABPI and 78% for TBPI). Overall, TBPI is considered
to have better efficacy than ABPI in the diagnosis of PAD using receiver operator characteristic

analysis (ROC 0.77 and 0.65 respectively) (P. E. Tehan et al., 2017).

Due to its diagnostic accuracy even in patients with calcified ankle arteries, TBPI has been
shown to be a significant predictor for major cardiovascular events, irrespective of arterial
stiffness (Chisalita et al., 2020) and in predicting major amputation in patients with CLI (Salaun
et al., 2019). To date, its predictive properties in patients with IC have not yet been evaluated

in published literature.

While TBPI measurement is a relatively simple cost-effective modality for diagnosing PAD,
there are considerations such as room temperature (19°C-22°C/66°F—72°F, Hoyer et al., 2013),
cuff size (recommended size 2.5cm, Pahlsson et al., 2007) and resting time (minimum of 10
minutes, Sadler et al., 2015) that can affect reliability of readings. Additionally, particularly in
patients with co-existent MAC and occlusive PAD in distal segments, TBPI accuracy is
negatively affected yielding lower sensitivity, therefore it is recommended that for PAD

diagnosis, more than one objective assessment should be used concomitantly (P. E. Tehan et

al., 2017).

2.4.1.3 Doppler waveform analysis

In view of the challenges associated with each method of haemodynamic test modality
available in the clinical setting, a local study (Azzopardi et al., 2019) has determined that the
best way to diagnose PAD is by using ABPI and TBPI together with Doppler waveform
analysis. In their study, Doppler waveform analysis was found to be the most reliable method
in detecting PAD. Interpretation of Doppler waveforms and expertise in the use of the Doppler

probe to accurately detect the pulses are important factors (Scissons & Comerota, 2009).

General agreement exists in the interpretation of triphasic waveforms which are defined as
waveforms with three components - systole forward flow, reverse flow (early diastole / late
systole) and forward flow (late systole, end-systolic notch) with the waves crossing the zero

flow line (Kim et al., 2020). Biphasic waveforms are denoted by a systolic forward flow with
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diastolic reverse flow. The waves cross the zero flow line without an end-diastolic notch
(Scissons, 2008). Monophasic waveforms are waveforms which reflect blood flowing in one
direction and do not cross the zero-flow baseline (Kim et al., 2020). Controversies exist in the
interpretation of waveforms with a sharp upstroke, a brisk downstroke above the zero flow line
but with an end-systolic notch with some authors describing it as biphasic. However, the latest
consensus (Kim et al., 2020) denoted that due to the lack of reverse flow it should be classified
as a monophasic intermediate resistive waveform or as previously suggested by Scissons

(Scissons & Comerota, 2009) and Spronk (Spronk et al., 2005) as ‘sharp’ monophasic.

2.4.1.4 Imaging techniques

There are multiple imaging techniques that have established reliability in diagnosing PAD
which include duplex ultrasound, computed tomography angiography and MRA (V. Aboyans
& Jean-BaptisteRicco, 2017). Duplex ultrasound imaging, which enables the practitioner to
identify, localise and assess severity of vascular lesions is recommended as first-line imaging
modality for patients being considered for revascularisation (Bevan & White Solaru, 2020). It
has a sensitivity of 85-90% and a specificity of more than 95% for detection of arterial stenosis.
Its reliability is however operator dependant and requires extensive training (Sheehan &
Zierler, 2018). This diagnostic modality is not normally found in primary care clinics and are
not used for initial diagnosis of PAD in IC patients, but is usually located in outpatient

secondary care clinics as is the case in Malta.

Other methods of evaluation of PAD include the Bollinger classification method (Bollinger et
al., 1981) which utilizes angiographic imaging to determine grading of stenosis and Graziani’s
morphologic categorization (Graziani et al., 2007) which is based on the anatomic distribution
of the stenosis also defined angiographically. However, these latter two classification systems
are also not used clinically for classifying patients with IC in real world scenarios of outpatient
clinics, but are more directed for patients with CLI requiring revascularisation (Hardman et al.,

2014).
For assessment of PAD, the considerations highlighted in this review were taken into account

during the design phase of the data collection and data analysis of this research as explained in

further detail in Chapters Five and Seven respectively.
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2.4.2 Evaluation of IC symptoms

For patients with IC, once diagnosis of PAD is established, the clinical stage of the disease is
commonly determined by the Fontaine classification or the Rutherford classification (Hardman
et al., 2014) (Table 2.1). The Fontaine classification (Fontaine, 1954) grades the clinical
presentation into 4 stages without any adjunct diagnostic tests. Rutherford later developed
another classification system (Rutherford et al., 1986), with the addition of objective

noninvasive data including ankle or toe pressures.

Fontaine Classification Rutherford Classification for chronic limb ischaemia

Grade | Symptoms Grade | Category | Description and objective criteria

Stage I | Asymptomatic, 0 0 Asymptomatic — no haemodynamically significant
incomplete blood occlusive disease - No reactive hyperaemia test

vessel occlusion

Stage I1a | Mild claudication I 1 Mild claudication - AP after exercise >50mmHg but
at >200m at least 20mmHg lower than resting value
Stage IIb | Moderate I 2 Moderate claudication - Between categories 1 and 3
claudication at
<200m I 3 Severe claudication - after exercise AP<50mmHg
Stage III | Rest pain II 4 Ischaemic rest pain - Resting AP<40mmHg, flat or
barely pulsatile ankle or metatarsal PVR;
TP<30mmHg
Stage IV | Necrosis and / or | III 5 Minor tissue loss- non-healing ulcer, focal gangrene
gangrene in the with diffuse pedal ischaemia - Resting AP
limb <60mmHg, flat or barely pulsatile ankle or metatarsal

PVR; TP<40mmHg

6 Major tissue loss- extending above TM level,
functional foot not salvageable - Same as category 5

TP= toe pressure, AP= Ankle pressure, PVR = pulse volume recording, TM= transmetatarsal

Table 2.1 The Rutherford and Fontaine classifications

In the clinical context it is important to evaluate the severity of symptoms by determining the
distance walked until symptoms occur (M. S. Conte et al., 2015). Although this can be
measured objectively through treadmill testing as often described in published research
(Nicolai, Viechtbauer et al., 2009), with regards to the clinical decision on whether to perform
revascularisation, patient perception is deemed important (M. S. Conte et al., 2019). Symptom
evaluation in clinical settings commonly occurs by patient-reported inability to perform

everyday tasks as treadmill tests are often not available or impractical (Gardner et al., 1996).
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The modalities available for symptom evaluation in patients with IC are discussed in further

detail in sections 2.4.2.1 and 2.4.2.2.

2.4.2.1 Treadmill test

The treadmill test is an objective test used to assess functional impairment in patients with IC.
Patients are asked to walk on a treadmill at 3Km/ hour on a 10% slope which is stopped when
the patient is unable to walk further due to limb pain, defining maximum walking distance
(MWD) (Nicolai, Viechtbauer et al., 2009). Importantly, due to the possibility of increased
cardiac stress, treadmill claudication distance measurement is contra-indicated in populations
with severe aortic stenosis, uncontrolled hypertension, congestive heart failure or chronic
pulmonary disease (Gibbons et al., 2002). Despite its use in research, it is recognised that
distance walked on a treadmill does not reflect severity of PAD or the disability experienced
during daily life (Frans et al., 2013). This is because impairment in walking capacity may be
due to other existing exercise-limiting co-morbidities such as musculoskeletal pain or
breathlessness causing a low correlation of ABPI with treadmill-based claudication assessment
and also because reduced walking distance may result in significant life-style limitation for an
individual but may have no effect on quality of life in another. Therefore, to evaluate severity
of IC symptoms a comprehensive approach which includes patient-focused clinical outcomes
such as using validated questionnaires is suggested to be the most accurate method with which
to assess patient disability over time (Andreozzi & Martini, 2002). In this context,
questionnaires assessing symptoms through the patient’s perspective have been developed for

the evaluation of IC as a symptom of PAD (Frans et al., 2013).

2.4.2.2 Questionnaires

Over the years several self-reported questionnaires (M. H. Criqui et al., 1985; F. G. Fowkes et
al., 1991; Leng & Fowkes, 1992; ROSE, 1962) were developed in attempt to provide an easy
and accurate method to diagnose IC due to PAD efficiently while simultaneously aiming to
focus on patient centered outcomes by considering perceived disability in this context.
Perceived disability is an important aspect of evaluating symptom severity as it guides the

clinical decision regarding invasive treatment (M. S. Conte et al., 2015).

29



The first developed questionnaires, such as the Rose questionnaire and the WHO/ Rose
questionnaire (Leng & Fowkes, 1992; ROSE, 1962), were reported to have a low sensitivity
when compared with physician diagnosis of PAD (A. B. Newman et al., 2001). In fact, as well
described in a structured review by Schorr et al (Schorr & Treat-Jacobson, 2013), the strict
definition of classic claudication in the Rose questionnaire resulted in a large variability of
reported prevalence of IC among PAD patients. The Edinburgh claudication questionnaire was
later developed with improved sensitivity but in their definition, pain had to be present in the
calf, therefore its use excluded patients with thigh or buttock claudication and without right or
left side discrimination (M. H. Criqui et al., 1985; F. G. Fowkes et al., 1991). Schorr et al
(Schorr & Treat-Jacobson, 2013), concluded that the use of questionnaires alone is not
sufficient to diagnose PAD and may lead to under-diagnosis since only up to 33% (M. H. Criqui
et al., 1996) develop symptoms. On the other hand, the use of questionnaires alone may also
lead to mis-diagnosis since there may be alternative causes of IC symptoms, other than PAD

(K. Cassar, 2006; Dormandy & Rutherford, 2000).

With the known reliability and increased availability of non-invasive physiologic testing
(Doppler waveform analysis, ABI and TBI) to diagnose PAD, for patients with IC, the use of
questionnaires shifted to a more adjunct role of evaluating severity of symptoms rather than to
diagnose PAD. The San Diego claudication questionnaire (SDCQ) (M. H. Criqui et al., 1996),
the Intermittent claudication questionnaire (ICQ) (Chong et al., 2002) and the Walking
impairment questionnaire (WIQ) are validated questionnaires (Myers, Johanning, Stergiou,
Lynch, Longo, & Pipinos, 2008) which inquire about the type of pain and location of pain and
perceived walking impairment. The SDCQ and ICQ are generally used for studies investigating
health related quality of life while the WIQ (McDermott et al., 1998; Myers, Johanning,
Stergiou, Lynch, Longo, & Pipinos, 2008) was found to be useful for measuring progression

of symptoms over time.

The WIQ, originally designed by Regensteiner, (J. Regensteiner, 1990) has been extensively
studied with several versions (Coyne et al., 2003; Mah¢ et al., 2011; Myers, Johanning,
Stergiou, Lynch, Longo, & Pipinos, 2008). It is a disease-specific interviewer administered
questionnaire, validated for patients with IC which focuses on symptom severity perceived in
real life activities such as climbing stairs and perceived walking distance (Myers, Johanning,
Stergiou, Lynch, Longo, & Pipinos, 2008). The adapted version by Coyne et al (Coyne et al.,

2003) achieved good reliability and validity when interviewer completed with Cronbach’s
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alpha ranging from 0.92 to 0.97 (Ouedraogo et al.,, 2011). Interviewer-completed
questionnaires require more time but have better rates of completion, better reliability (Mahé

et al., 2011) and less response errors (Conijn et al., 2015).

With regards to perceived walking distance, the WIQ distance score was strongly correlated
with estimated maximum walking distance in metres (r=0.81; 95% CI) and moderately
correlated with distance walked in corridor (r=0.59; 95% CI) (Frans et al., 2013; Mah¢ et al.,
2011). When compared to treadmill walking distance, the WIQ estimated distance and speed
components demonstrated strong correlations (Myers, Johanning, Stergiou, Lynch, Longo, &
Pipinos, 2008). The WIQ was reported to be a valid tool to measure functional status (Coyne
et al., 2003) and is one of the few questionnaires with assessed reliability and measurement
error (Conijn et al., 2015). Importantly, the WIQ was found to be a valid tool to detect symptom
deterioration or improvement in patients with IC, making it a useful tool for objective testing
of functional walking ability both in the routine clinical context and in research (Nicolai et al.,

2009).

The utility of questionnaires in evaluating symptom severity among patients with IC has been
highlighted while also acknowledging that they are not sufficient to diagnose PAD due to the
risk of under-diagnosis or mis-diagnosis (M. H. Criqui & Aboyans, 2015; Schorr & Treat-
Jacobson, 2013). In this context, haemodynamic analysis is an important element to be used
adjunctively with a validated claudication questionnaire to determine symptom severity of IC
due to PAD. This concept was adopted in this research where haemodynamic analysis and the

WIQ were used concurrently for data collection (Chapter 5).

2.5 The prevalence of IC

In current literature and guidelines related to IC (V. Aboyans et al., 2018; M. S. Conte et al.,
2019), the prevalence data of IC is generally derived from large population studies conducted
over the last three decades (F. G. Fowkes et al., 1991; W. T. Meijer et al., 1998; J. M. Murabito
et al., 2002). However, following a review of the literature, it appears that the reported IC
prevalence in published literature is highly variable, ranging from 7.5% to 33% among patients
with PAD (Collins et al., 2003; M. H. Criqui et al., 1996; McDermott et al., 1999; J. M.
Murabito et al., 2002; Wang et al., 2005) and between 0.4 to 14.4% among the general
population (Diehm et al., 2004; HALE et al., 1988; Mohler et al., 2008).
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Data from the Framingham offspring study (J. M. Murabito et al., 2002) reports an IC
prevalence among an elderly population of 1.9% in men and 0.8% in women while prevalence
rates of IC of 4.5% in an unselected population were reported in the Edinburgh study (F. G.
Fowkes et al.,, 1991) using the WHO questionnaire and ankle-brachial pressure index
measurement (ABPI) <0.9 for IC diagnosis. Using the same diagnostic criteria, the Rotterdam
study (W. T. Meijjer et al., 1998) reported a prevalence of IC of 1.6% among an elderly
population and 6.3% among patients with PAD. A higher IC prevalence of 14.4% in men and
14.1% in women reported by Hale et al (Hale et al., 1988) was also among a cohort of elderly

participants.

Specific patient characteristics within the participant cohort of the studies may correspond to
an increase in reported prevalence. Within the recruited participants, higher proportions of male
gender (J. M. Murabito et al., 2002), diabetes (Wang et al., 2005), hypertension (F. G. Fowkes
et al., 1992; E. Selvin & Erlinger, 2004) and a more severe form of PAD (M. H. Criqui et al.,
1996; Wang et al., 2005) may influence the prevalence results. Reported prevalence of IC is
also thought to be influenced by location of atherosclerotic lesions among the participants
where reports are higher among patients with stenosis in distal arteries such as infrapopliteal

branches (van Zitteren et al., 2012).

Prevalence of IC is therefore not clearly defined, possibly due to varying diagnostic methods
of IC where some studies used questionnaires (W. Kannel & McGee, 1985; Leng et al., 1996)
and others used haemodynamic analysis (F. G. Fowkes et al., 1991) or also due to different
population characteristics (W. T. Meijer et al., 2000). Potential confounders of symptom
reporting may also impact prevalence results. For example, when questionnaires alone are used
to determine the presence of PAD, other conditions which affect mobility (such as arthritis or
breathlessness) preclude elderly patients from walking long enough to experience IC, therefore
in such populations IC prevalence may be underestimated (Schorr & Treat-Jacobson, 2013).
On the other end of the spectrum, when questionnaires alone were used to diagnose IC, without
haemodynamic analysis, prevalence could have been overestimated due to inclusion of patients

who experienced IC as a result of other conditions such as spinal stenosis (K. Cassar, 2006).

Overall, there is however agreement that prevalence of IC increases with increasing age (Figure
2.2) (V. Aboyans et al., 2018; M. S. Conte et al., 2015; Norgren et al., 2007; E. Selvin &
Erlinger, 2004; Song et al., 2019) and is present in approximately 4.5% of the general
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population over 40 years of age (Fakhry et al., 2018). There is also agreement that the major
risk factors for IC are similar to those for coronary and cerebrovascular vascular disease and

include smoking, diabetes, hypertension and dyslipdaemia (Song et al., 2019).

Prevalence (%)
'
1

30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74
Age-group

Figure 2.2: Mean prevalence of IC according to age (Norgren et al., 2007)

There is currently no specific data related to the prevalence of PAD or IC in Malta where the
current study was conducted. It is also not known whether estimates from published literature
demonstrating prevalence in other countries are relevant to the Maltese population. However,
of relevance to the Maltese population and to the current work, is that existing epidemiological
data demonstrate that Mediterranean countries have a higher prevalence of PAD than other
western and northern European counterparts (Cimminiello et al., 2011) which therefore
translates to higher prevalence of patients with IC. Furthermore, the prevalence of IC increases
further with exposure to atherosclerotic risk factors (American College of Cardiology
Foundation et al., 2011) such as diabetes, which is more prevalent in Malta compared to other
European countries (Cuschieri, 2020). In view of the ageing population worldwide and the
increasing burden of chronic diseases, namely diabetes, hypertension and dyslipidaemia, the
prevalence of PAD and consequently IC is likely to increase markedly in the forthcoming
decades (Marbach et al., 2020). This will inevitably increase the burden on healthcare systems
across the world including Malta, due to the increased risk of morbidity and mortality among

patients with IC.
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2.6 Progression of PAD in patients with IC

This section explored the literature which investigated PAD progression among patients with
IC. This knowledge is required in order to define the lower limb prognosis of patients with this
condition because prediction of impending disease progression would help identify those who
are at risk of deterioration and guide management plans in terms of timely revascularisation.
In published literature, progression of disease in patients with IC has been investigated in terms
of symptomatic progression and in terms of development of CLI or amputation rates
(Andreozzi & Martini, 2002). In order to provide a better understanding of the risk of

progression of IC, the available evidence was synthesised in this review.

2.6.1 Symptomatic progression

An early study (McAllister, 1976) of 100 IC patients followed for 6 years, reported that 78%
remained stable or improved in terms of IC symptoms. Similarly, another study (O'Riordain &
O'Donnell, 1991) of 112 patients monitored for 8 years stated that 66% of the survivors
reported improvement of symptoms or remained stable and only 6.5% required
revascularisation due to disabling claudication. Methods of symptom evaluation are however
not clear in these early studies. Similar proportions of worsening symptoms, but observed in a
shorter time (Martone et al., 1998), were obtained when objective measures of claudication
were applied using treadmill exercise in 110 patients with IC, reporting that 74% remained
stable while 26% deteriorated after 24.4 months. In their study only 4.7% required
revascularisation for worsening claudication symptoms during the course of the study.
Similarly, reports of symptom stability and improvement, measured by a validated
questionnaire (Edinburgh questionnaire) in the majority of patients (67%) were reported in a
larger study of 255 male participants over 7 years (Rantner et al., 2017). Worse outcomes were
reported (Cronenwett et al., 1984) in a group of 91 men with mild IC when walking distance
was defined using a questionnaire, indicating that after a mean follow-up of 2.5 years, 60%
reported worse claudication and 40% stated that their symptoms improved or were stable.
Among their cohort, 7.6% required revascularisation within 2 years of diagnosis. A more recent
study (Mazari et al., 2017) of 111 patients followed for 5.2 years reported no change in walking
distance measured in meters among patients with IC who were treated conservatively. A

prospective cohort study (Kumakura et al., 2016) of 1107 patients newly diagnosed with IC,
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recruited from a cardiovascular hospital, reported symptomatic deterioration in 14.8% of the
participants over 5 years. A larger study (Muluk et al., 2001) of 2777 patients with IC reported

that over 10 years, 18% required revascularisation procedures due to symptom deterioration.

Direct comparison of results between the identified studies is difficult due to variations in
patient characteristics, where studies included previously revascularised patients (Rantner et
al., 2017), only male participants (Muluk et al., 2001) or only patients with mild symptoms
(Cronenwett et al., 1984). Overall, the literature reports that revascularisation due to worsening
of symptoms ranged from 4.7% to 7.6 % in 2years to 14.8% in 5 years and 18% in 10 years,
while the majority of patients remained with stable symptoms. However, due to the
heterogeneity of the studies it is difficult to accurately define the prognosis of symptom

progression in the individual patient.

In literature investigating symptom deterioration, worsening symptoms are generally reported
during the first year after diagnosis, as symptoms seem to stabilise in the subsequent years
(Norgren et al., 2007). It has been suggested that symptomatic stabilisation is influenced by the
patient’s perception of the severity of their symptoms (Spannbauer, Chwata, Ridan, Berwecki,
Mika, Kulik, Berwecka, & Szewczyk, 2019b), by development of collaterals or gait alternation
to favor non-ischaemic muscle groups (Konik et al., 2016). Nevertheless, despite patient
reported symptom stability, functional status measured by 6-minute walking performance
decreased and was associated with a decline in ABPI (McDermott et al., 2004), indicating that

improving functional ability may not necessarily reflect haemodynamic improvement.

2.6.2 Progression to CLI

Critical limb ischaemia [CLI], is the term used for pain at rest, ulceration, tissue loss or
gangrene due to PAD and is the most severe clinical manifestation of PAD (Bevan & White
Solaru, 2020). In some recent literature, CLTI (chronic limb threatening ischaemia) is the
preferred term over CLI which implies defined values of perfusion rather than a continuous
progression (M. S. Conte et al., 2019). In this thesis, because some reviewed literature which
pre-dated the development of this term was important and influential in some aspects, CLTI
and CLI are used interchangeably, referring to the continuous progression of PAD with clinical

manifestation and not defined by values of perfusion.
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The clinical course of IC as reported in the TASC document (Norgren et al., 2007), states that
deterioration from IC to CLI occurs in 5-10% of IC patients over 5 years, the ACC/AHA report
deterioration to CLI in 1-2% every 5 years (A. T. Hirsch, Haskal, Hertzer, Bakal, Creager,
Halperin, Hiratzka, Murphy, Olin, Puschett, Rosenfield, Sacks, Stanley, Taylor, White, White,
White, Antman, Smith, Adams, Anderson, Faxon, Fuster, Gibbons, Hunt et al., 2006) while
the Society for Vascular surgery quote a rate of 1-3% (M. S. Conte et al., 2015). Overall, across
all published guidelines, it is commonly accepted that only 20-25% of patients with IC will
deteriorate and out of these only 5%-10% will develop CLI (Norgren et al., 2007). The origin
of these estimates is not clear but Hirsch et al (A. T. Hirsch, Haskal, Hertzer, Bakal, Creager,
Halperin, Hiratzka, Murphy, Olin, Puschett, Rosenfield, Sacks, Stanley, Taylor, White, White,
White, Antman, Smith, Adams, Anderson, Faxon, Fuster, Gibbons, Hunt et al., 2006) refer to
a review by Weitz et al (Weitz et al., 1996) of studies from the 1980s (W. Kannel & McGee,
1985; McDaniel & Cronenwett, 1989). A more recent systematic review and meta-analysis (B.
Sigvant et al., 2016) investigating disease progression of different classifications of PAD,
reported a deterioration rate (which included deterioration from IC to CLI and also symptom
deterioration requiring revascularisation) ranging from 12 to 29% over 5 years. The authors
stated that this is significantly higher than what is reported in international guideline
documents, indicating that guidelines may be underestimating disease progression among IC

patients.

In the review presented in this chapter, studies which have investigated the progression to CLI
or CLTI among patients with IC were evaluated to provide further understanding of the

prognosis of IC in terms of development of CLI.

The progression of PAD in patients with IC has been a source of investigation in several studies
(Cronenwett et al., 1984; Dormandy & Murray, 2011; Giugliano et al., 2010; Jelnes,
Gaardsting, Hougaard Jensen, Baekgaard, Tonnesen, & Schroeder, 1986a; Kumakura et al.,
2016; McDaniel & Cronenwett, 1989; O'Riordain & O'Donnell, 1991), including large
epidemiological surveys (Leng et al., 1996; Rantner et al., 2017) and a systematic review with
meta-analysis (B. Sigvant et al., 2016). Despite the extensive research, the specific progression
rate from IC to CLI is difficult to establish because the reported risk of deterioration to CLI in
this population is varied, ranging from 1.4% per year to 27% within 5 years of diagnosis
(Aquino et al., 2001; Jelnes, Gaardsting, Hougaard Jensen, Backgaard, Tonnesen, & Schroeder,

1986; Jensen et al., 2006; Kumakura et al., 2016; Naschitz et al., 1988; B. Sigvant et al., 2007).
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A synthesis of studies reporting progression rates and risk of progression from IC to CLI is

presented in this section, highlighting the heterogeneous nature of these investigations.

Large epidemiological studies such as the Edinburgh Artery study (Leng et al., 1996) reported
low rates of deterioration. In the Edinburgh study a prospective cohort of 1592 randomly
selected individuals from GP practices aged between 55 and 74 years were followed for 5 years.
Intermittent claudication was prevalent in 4.5% of their participants, diagnosed by the
Edinburgh claudication questionnaire of whom 28.8% continued with IC after 5 years, 8.2%

required revascularisation or amputation and 1.4 % developed ischaemic ulcers.

Another study of 1244 male patients (Aquino et al., 2001) diagnosed with IC in a medical
centre were followed for a mean of 45 months also reported relatively low rates of
deterioration. Serial measures of ABPI were recorded at 6 month intervals and a decline of
0.014 per year was reported. In their study, patients with calcified arteries and abnormally high
ABPIs were excluded. Deterioration to CLI in terms of ulceration and rest pain was 23% and
30% respectively over 10 years, equivalent to an annual rate of 5.3% developing CLI per year.
Patients with medial arterial calcification are at high risk of deterioration (Ho & Shanahan,
2016), therefore their exclusion from the study may have resulted in an underestimation of the
rate of development of CLI. Similarly, patients with abnormally high ABPIs are likely to have
calcified atherosclerotic disease and their exclusion from the cohort may have resulted in an

underestimate of the true risk of deterioration.

A prospective cohort study (Kumakura et al., 2016) of 1107 patients newly diagnosed with IC,
recruited from a cardiovascular hospital, reported that 1.1% developed CLI over 5 years. The
authors identified haemodialysis and diabetes as independent risk factors for progression of IC
to CLI. Although reporting a low deterioration to CLI, a high proportion of their cohort (63.1%)
underwent revascularisation during the study. The authors specified that revascularisation was
performed in cases of symptom deterioration, disease progression, ABPI decline by >0.1 or
stenosis of >250% defined angiographically. The low rate of CLI reported in this study excludes
participants who experienced progression of the disease and were treated with revascularisation
and therefore needs to be interpreted within context. Additionally, as discussed in section 2.4.1
in this chapter, in patients with arterial calcification, ABPI may not detect deterioration (C.

Formosa et al., 2013). Since in their study deterioration was defined as a decline in ABPI by
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0.1 or more, in patients with calcification deterioration would not be detected hence using this
measure to define deterioration may have resulted in an underestimation of the progression of

the PAD.

Higher reports of deterioration to CLI were published in another study investigating the
progression of PAD in a cohort of 257 consecutive patients referred to a vascular clinic due to
IC, where 7.5% demonstrated significant deterioration within the first year of follow-up
(Jelnes, Gaardsting, Hougaard Jensen, Baekgaard, Tonnesen, & Schroeder, 1986). The authors
stated that PAD progression was approximately 3 times faster in the first year following
diagnosis than in subsequent years. This fact was attributed to the possibility that patients seek
medical advice during periods of symptom deterioration. An independent association with
PAD progression was reported for ankle systolic pressure below 70mmHg, an ABPI <0.5 and
a toe systolic pressure below 40mmHg. It should be noted that at follow-up after 6.5 years,
449% of the recruited participants had died, meaning that follow-up data included that retrieved

only from survivors, possibly introducing survival selection bias.

A similar study (Naschitz et al., 1988) of 460 patients referred to a surgical centre due to IC
reported a deterioration to CLI requiring revascularisation in 9.1% of their cohort per year. In
their study, IC was measured using a treadmill and ABPI was recorded at regular intervals for
a mean of 4.1 years. The authors reported worse symptoms in 11.9% of the cohort and clinical
deterioration to CLI in 44.1% during the whole follow-up period ranging up to 10 years. An
ABPI of >0.7 at baseline and lack of decline by >0.15 were reported to be predictors of
favourable outcomes. On the other hand, an ABPI <0.5 at initial consultation was associated
with an increased risk of deterioration by 3.8 times and a decline >0.15 in ABPI predicted an
increased risk of deterioration by 1.9 times. The authors report that a higher rate of
revascularisation procedures may be attributed to physician’s preferred practice and may be

influenced by the interventional policies of the treating hospital.

In a study investigating PAD progression among 397 patients having symptomatic PAD in a
vascular clinic, the authors reported that over 5 years, a decline in ABPI of >0.15 was found in
31% of the patients, while 22% suffered clinical progression of PAD based on worsening
symptoms or on the requirement of surgical intervention (Nicoloff et al., 2002). Similarly, Bird
et al (Bird et al., 1999) demonstrated that in a study of patients with IC referred to a vascular

laboratory, 30.2% of limbs deteriorated to a more severe category of PAD during an average
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of 4.6 years. In their study IC was independently associated with disease progression (Bird et

al., 1999).

The CAVASIC study (Rantner et al., 2017) followed 246 patients with IC recruited from 3
medical centres including a vascular surgery unit. Symptom severity and PAD were assessed
and followed using the Edinburgh claudication questionnaire, ABPI measurements, treadmill
examination and arterial imaging. The authors reported that 33% of the patients required an
intervention during the 5-year follow-up. In their cohort, patients with prior revascularisation
procedures were not excluded. This may have resulted in higher proportion of patients
deteriorating to CLI since patients who underwent interventional procedures were probably at

a more advanced stage of disease and are at higher risk of deterioration (Venermo et al., 2019).

It has been suggested (Bitar & Garcia, 2010) that higher rates of deterioration may be reported
in studies investigating disease progression in IC among patients referred to vascular centres
(Jelnes et al., 1986; Naschitz et al., 1988; Rantner et al., 2017), when compared to unselected
patients (Leng et al., 1996). It is thought that referred patients may have more advanced disease
or worse symptoms and such studies yield reports of worse outcomes (Bitar & Garcia, 2010).
This notion was taken into consideration in the research presented in this thesis and was

addressed in the preliminary phase as discussed in Study 2 (Chapter 4).

Therefore, following the review of the studies investigating the progression from IC to CLTI,
the clinical heterogeneous nature of the studies makes it difficult to arrive to clear conclusions,
except some agreement that an ABPI of <0.5 at diagnosis is associated with development of
CLI. For example, some studies (Naschitz et al., 1988; Rantner et al., 2017) defined CLTI as
development of chronic ischaemic rest pain, ulcers or gangrene (Becker et al., 2011), others
(Kumakura et al., 2016) included ankle pressure below 50-70mmHg and /or toe pressure below
30-50mmHg or transcutaneous oxygen pressure (TcPO2) below 30-50mmHg as defined by
Rutherford (Rutherford et al., 1986) and others (Leng et al., 1996) included amputation rates.
The use of haemodynamic data to define CLI has been questioned as there is no prospective
evidence to validate it (Constans et al., 2018) and amputation rates do not accurately reflect
disease progression since several other patients undergo revascularisation procedures for CLI
without amputation (Hata et al., 2020). There are also differences in participant characteristics

at recruitment, since epidemiological studies (Leng et al., 1996) included participants from the
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general population while other studies were based on referrals for vascular clinics (Naschitz et
al., 1988; Rantner et al., 2017) It therefore seems that the wide variation of progression
reported in the studies may be attributed to differences in risk factor prevalence, population
characteristics, definition of CLTI, baseline inclusion criteria and study design used (Bitar &

Garcia, 2010).

However, although the evidence is unclear, the main international bodies which formulate
guidelines for the management of IC (V. Aboyans et al., 2018; M. S. Conte et al., 2019;
Gerhard-Herman et al., 2017; Norgren et al., 2007) [The American college of cardiology /
American heart association (ACC/AHA), the TASC group, Global vascular guidelines writing
group (GVG) and European society for vascular surgery (ESVS)], state that overall in 5 years,
70-80% of patients with IC will stabilize or improve and among those 20-30% who experience

symptom deterioration, less than 5% will develop CLI, as shown in figure 2.3.
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Figure 2.3 Outcomes of patients with IC. Adapted from (M. S. Conte et al., 2015)

It seems that since early studies, which date back to the 1950s (Richards, 1957; Spaulding,
1956), the prognosis of the lower limb among patients with IC is described as being favourable,
both in terms of symptom progression as denoted by the quote herein, and in terms of

amputation where the authors reported a rate of 10% in five years.

‘The present study indicates that the prognosis is relatively good. At the end of the five-
year period more than half the survivors were no more disabled by their intermittent

claudication than they had been when they first seen, and several were convinced that they

were better’ (Richards, 1957, p. 1093)
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Therefore, over the past 60 years, the assumed benign prognosis remained relatively
unchallenged, as stated in the latest published international guidelines by the American Heart
Association (Bevan & White Solaru, 2020). They report that although PAD is considered as a
progressive disease, its clinical course, as far as the affected limb is concerned, is thought to
be stable in most cases. While assuming a benign prognosis for the affected limb, in the latest
Global Vascular Guidelines, Conte et al (M. S. Conte et al., 2019) stated that for the patient
with IC, reliable data on the epidemiology of CLI are lacking and estimates can be highly
misleading (M. S. Conte et al., 2019) since progression is likely underestimated in published
reports (B. Sigvant et al., 2016). The possible underestimation of disease progression suggests

that the assumption of a benign prognosis may need to be reconsidered (B. Sigvant et al., 2016).

In the literature, the progression of IC is sometimes measured as worsening claudication, with
a measured claudication distance or time to claudication (McDermott et al., 2004), or as
worsening clinical outcome defined as development of CLI or amputation (Muluk et al., 2001).
Very few studies have measured haemodynamic progression in conjunction with clinical
progression of symptoms, therefore with the current evidence available it is difficult to predict
the risk of deterioration in a patient presenting with IC (V. Aboyans et al., 2018; Norgren et
al., 2007). The difficulty in identifying patients at risk of deterioration, coupled with the
perceived benign prognosis of the claudicant limb, led to the recommendation of conservative

management at initial diagnosis as is discussed in further detail in section 2.7.

An overview of the current recommended management guidelines for the patient with IC is
presented in section 2.7, highlighting the clinical implications which have influenced the need

of this research.

2.7 Management of the patient with intermittent claudication

Management of the patient presenting with IC is guided by international bodies which include
the TASC group, ACC / AHA, GVG writing group and ESVS (V. Aboyans et al., 2018; M. S.
Conte et al., 2019; Gerhard-Herman et al., 2017; Norgren et al., 2007). Overall, there is a
general consensus that when a patient presents with IC, due to the low risk of limb-threatening
ischaemia, the primary focus is management of the systemic impact of atherosclerosis and
symptom improvement. As discussed in further detail in section 2.7.1, this is achieved by a

conservative medical approach through risk factor management and lifestyle changes, aiming
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to reduce risk of possible subsequent cardiovascular events (Bevan & White Solaru, 2020). On
the other hand, guidelines for revascularisation in IC are less well defined and intervention is
generally not recommended as an initial approach but used in cases of failure of symptom
improvement or in case of disabling symptoms (Gerhard-Herman et al., 2017) as discussed in
detail in section 2.7.2. However, in individuals whose disease progresses rapidly, this approach
may result in delayed revascularisation, leading to deterioration to CLTI with a significant

increased risk of morbidity and mortality (Anand et al., 2018).

2.7.1 Conservative management for IC

Evidence of high risk of MACE (major adverse cardiovascular events) and low risk to the lower
limb has influenced management guidelines to recommend risk factor management as first line
treatment for this group of patients. An abundance of literature (V. Aboyans et al., 2018; Mc
Grae McDermott et al., 2002; Rooke et al., 2012; Y. Zhang et al., 2016) has provided evidence
identifying modifiable risk factors associated with atherosclerosis and its progression which
include diabetes mellitus, smoking, hypertension, obesity and hyperlipidaemia. Each identified
risk factor and its impact on PAD is individually discussed in section 2.8. Medical management
therefore includes lipid lowering drugs, blood pressure control and antiplatelet agents which
have all been shown to decrease the risk of adverse cardiovascular events (Gerhard-Herman et
al., 2017; Hess et al., 2017) and improve long-term outcomes (Malgor et al., 2015; Thomas
Manapurathe et al., 2017). As an adjunct to medical therapy, conservative management
includes lifestyle modifications which have also shown evidence of improving outcomes as

discussed in section 2.7.1.1.

2.7.1.1 Life style modifications

Functional status and quality of life are known to be improved by supervised exercise and
smoking cessation and are an important component of conservative management for patients
with IC (V. Aboyans et al., 2018). Smoking cessation has been reported to significantly
improve symptoms (Armstrong et al., 2014; Kalbaugh et al., 2018; Quick & Cotton, 1982) and
supervised exercise therapy (Wisloff et al., 2007) has been found to be effective in improving

symptoms when combined with medical therapy (Fakhry et al., 2018; Konik et al., 2016).
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Smoking cessation

The role of smoking as a risk factor of PAD and IC has been widely recognised and smoking
cessation has in fact been shown to significantly reduce the progression and mortality risk in
patients with PAD (Greenhalgh, 2008). However, while the benefits related to smoking
cessation programs have been emphasized (M. S. Conte et al., 2019), the most recent report on
global targets to reduce tobacco use indicates that patient uptake of dedicated cessation
programs is very low across several countries, including Malta (World Health Organization,

2019).

In recent years there has been an increase in the use of E-cigarettes to aid smoking cessation
but they are still controversial with regards to cardiovascular disease (CVD) risk (Buchanan et
al., 2020). Whilst an undoubtedly beneficial reduction in toxic elements within tobacco smoke
is demonstrated, animal models of nicotine exposure still display CVD effects with increased
atherosclerotic plaques (J. Stewart et al., 2017). Long-term data to determine the effect upon

humans is still unavailable (Buchanan et al., 2020).

Exercise Therapy

Supervised exercise therapy [SET] has been shown to significantly improve claudication
symptoms when used as an adjunct to medical therapy, compared to patients treated with
medical therapy only (Gardner et al., 2011; Lane et al., 2014). Studies comparing SET and
revascularisation however, report mixed results. Similar outcomes in terms of improved
symptoms were reported in studies comparing SET to endovascular surgery but the benefit
lasted less than 6 months and without improvement in perfusion measured by ABPI (J. Perkins
et al., 2011; Wilson, 2010). Similar outcomes in terms of QOL between revascularisation and
SET were reported in a Cochrane systematic review but better outcomes were reported when
the two treatment modalities were combined (Fakhry et al., 2018). Two RCTs, the MIMIC
(Greenhalgh, 2008) and the OBACT studies (Nylaende et al., 2007), found that exercise and
endovascular revascularisation together were superior to exercise training alone. Notably in
these studies, interventions were limited to aortoiliac and femoropopliteal lesions. Another
RCT (the CLEVER study) (Murphy et al., 2015) investigating exercise against endoluminal
revascularisation showed improved peak walking time in the supervised exercise group but

better improvement in quality of life in the interventional group.
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The association between haemodynamics and physical limitation is not clear since some
undergo surgery but symptoms improve slightly while non-invasive therapies have been shown
to improve walking time without significant haemodynamic improvement. Although there may
be issues of calcification which may have masked perfusion improvement, it is known that
impaired metabolic activity within the muscles plays an important role in impaired exercise
capacity but not with local perfusion (J. Perkins et al., 2011). It seems therefore that while they
are linked, one is not entirely dependent on the other. Improvement in phosphocreatinine
recovery following percutaneous intervention has been suggested but it is still unclear (Norgren

et al., 2007).

Overall there is considerable evidence supporting the administration of SET as an adjunct to
medical therapy or revascularisation, although evidence related to the efficacy of unsupervised
exercise as an effective therapy is insufficient (Bendermacher et al., 2006). The use of
monitored home-based exercise has been suggested in a small study (Gardner et al., 2011) but
efficacy is less than when SET is administered. The difference in efficacy between supervised
and unsupervised exercise has been attributed to presence of co-morbidity in 34% of patients
with IC which impedes them from walking while another 30% refuse to walk. The lack of

specific advice and supervision also hinders the efficacy of exercise therapy (Bartelink et al.,

2004).

Therefore, in clinical practices where supervised exercise programs are not available, such as
Malta, patients only receive oral advice to increase their walking activity which has been shown
to have limited benefit (Bendermacher et al., 2006; Taylor, 2009). Additionally, a local study
investigating content in referral tickets written by GPs demonstrated that only 2% had written
that they had advised exercise to the patient (Chetcuti et al., 2009). Under-treatment of patients
with IC in Primary care is evidenced not only in Malta, but worldwide (V. Aboyans et al.,

2018; Argyriou et al., 2013; Norgren et al., 2007).

Despite optimal conservative management, according to the literature, 25% of the patients fail
to improve and up to 3% deteriorate to CLI within 5 years (M. S. Conte et al., 2015).
International clinical recommendations state that when patients do not respond to conservative
treatment and IC is limiting their lifestyle, revascularisation may be considered (Giannopoulos

et al., 2020; Jaff et al., 2015).
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2.7.2 Revascularisation for IC

There are multiple strategies for revascularisation techniques for IC, including open surgery
(surgical bypass), endovascular techniques (angioplasty with or without stenting) and
atherectomy or a combination of endovascular and open strategies often referred to as hybrid
procedures (Giannopoulos et al., 2020). Compared with lower limb bypass surgery,
endovascular interventions have been associated with lower morbidity (K. Cassar et al., 2003;
Sachs et al., 2011) but a higher risk of restenosis (Ramkumar et al., 2019) while bypass surgery
has a higher risk of perioperative complications but better patency rates (Alshaikh et al., 2019).

Following review of the clinical guidelines (V. Aboyans et al., 2018; M. S. Conte et al., 2019;
Gerhard-Herman et al., 2017; Norgren et al., 2007), indications for revascularization in patients
with IC are unclear. The clinical decision on whether to revascularise a patient presenting with
IC and the technique of choice, is highly variable and depends on several factors, including
patient characteristics, anatomic location and extent of arterial disease, symptom severity as
perceived by the patient, requirement for possible repeat revascularisation in the future,
availability of conduit and patient and physician preferences (Bevan & White Solaru, 2020; M.
S. Conte etal., 2015; Hess et al., 2017). The reason for clinical variability and vague indications
in the guidelines is because the evidence related to revascularisation in a patient presenting

with IC is unclear (Hess et al., 2017).

There are several randomized controlled trials (Fakhry et al., 2018; H. Lindgren et al., 2017; J.
Nordanstig et al., 2016; J. Nordanstig et al., 2014) suggesting that revascularisation in IC
patients improves quality of life. A meta analysis of randomized controlled trials (Pandey et
al., 2017) further corroborated this evidence while stating that endovascular revascularisation
is beneficial provided that exercise is also applied as an adjunct treatment. In contrast, in an
observational study of patients with IC referred to vascular specialists, Golledge et al (Golledge
et al.,, 2018) concluded that early revascularisation was associated with amputation when
compared to those who had initial conservative management. However, the patients who
underwent early intervention in their study had worse PAD at recruitment with significantly
lower ABPI, had higher smoking rates and lower eGFR. These factors may have had an impact
on their results and need to be taken in consideration. Similarly, a recent study (Gunnarsson et
al., 2020) of 8-year follow-up of patients with IC undergoing infrainguinal invasive treatment

reported high mortality of >40% within 8 years. However, up to 72.7% of the cohort had an
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ABPI <0.5 at recruitment as previously published (H. Lindgren et al., 2014). An ABPI <0.5 is
indicative of subsequent high risk of cardiovascular and cerebrovascular events (V. Aboyans
et al., 2018; Hajibandeh et al., 2017), it is therefore not clear whether the increased morbidity
in their study was due to the infrainguinal intervention. A Cochrane systematic review (Fakhry
et al., 2018) investigating endovascular revascularisation versus conservative management for
patients with IC concluded that the combination of endovascular management, exercise and
medical management yielded better results in functional activity and QOL scores compared to

conservative treatment alone.

There therefore appears to be conflicting evidence and clinical uncertainty exists whether
optimal conservative management with or without revascularisation are better (Malgor et al.,
2015). Even after the clinical decision of revascularisation as a management approach, further
uncertainty exists related to the most beneficial type of procedure (Bevan & White Solaru,

2020).

The International symposium in Charing Cross, where experts from a variety of disciplines
discussed the latest updated TASC IIb guidelines [https://www.cxsymposium.com] pointed out
that evidence related to revascularisation in IC is still lacking in meaningful grade A data and
the classification of lesions indicated for surgery does not predict symptoms, does not predict
ABPI and does not predict outcome. It was concluded that further evidence related to the
treatment of the individual patient with IC, rather than a consensus based on low grade
evidence, is required to be able to identify who are those patients who would benefit from
revascularisation. The need for further research which assessed haemodynamic analysis and
the associated outcomes in this group of patients was highlighted underpinning the study design

in the research presented in this thesis.

Non-invasive testing of PAD, such as ABPI and TBPI (Toe-brachial pressure index) has
received significant interest within the medical field (Chisalita et al., 2020) and a large body of
literature has developed establishing the ability of tests to quantitatively document disease
progression that correlates directly with increasing severity in the arterial network being
examined (Nicoloff et al., 2002; Salaun et al., 2019). Additionally, a relationship between
severity of disease measured by non-invasive tests and subsequent prognosis has been
suggested, indicating that quantitative measures of PAD are associated with severity of the

systemic atherosclerotic process (V. Aboyans et al., 2018).
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Due to the assumed benign course of IC discussed in section 2.6 in this thesis and limited
evidence available to predict outcomes and to identify patients who would benefit from
revascularisation, to date, recommended initial management of the patient with IC is
conservative management (Bevan & White Solaru, 2020). The latest reports by the European
Society for Vascular medicine (Wanhainen et al., 2019) state that the available classifications
of PAD are incomplete and there is a need to categorise patients with a high risk of significant
deterioration to CLI and to identify those whose prognosis would improve with
revascularisation. The only available evidence in published guidelines up till now indicate that
systolic toe pressure below 30mmHg warrants revascularisation, while the rest (i.e. those who

have STP >30mmHg) should be treated conservatively (Constans et al., 2018).

This approach may however lead to delayed revascularisation in patients with IC who are more
likely to progress to CLI. The implications in these patients are significant because passage of
time during tentative conservative management may result in the loss of opportunity for
revascularisation due to deterioration of the patient’s clinical condition (B. Sigvant et al., 2016)
and consequent increase in surgical risk (Fridh et al., 2017). In addition, rest pain may
deteriorate to tissue loss and gangrene with subsequent need for minor amputations which in
turn increases the risks of non healing and the need for major amputation with its associated
significant mortality risk (Anand et al., 2018). In patients who progress rapidly to CLTI despite
optimal conservative management, the opportunity for less invasive interventions may be lost
(Fridh et al., 2017; Wolosker et al., 2003) and more extensive and risky invasive interventions
may be required to save the limb (M. S. Conte et al., 2019). The involvement of small calibre
arteries, longer atherosclerotic occlusions and multilevel disease contribute to the challenges
in revascularisation interventions in patients with CLTI compared to those with IC (M. S. Conte
et al., 2019; Giannopoulos et al., 2020). Furthermore, once a patient deteriorates from IC to
CLTI, their mortality risk increases 3 fold, the chance of successful revascularisation decreases
and the risk of amputation increases 200 fold (Anand et al., 2018). These factors highlight the
clinical implications of tentative conservative management approach in those patients who
deteriorate rapidly to CLTI highlighting the need for further research to identify these patients

at initial stages.

On the other hand, due to the current lack of sufficient evidence to identify who is most likely
to benefit from intervention, physician decision to treat IC by revascularisation is mostly

patient oriented, with quality of life measures being used as treatment outcomes and
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management is therefore aimed at relieving symptoms (M. S. Conte et al., 2015). Clinical
ambiguity in management approach for patients with IC has been shown to lead to significant
variation in the choice of management (Birkmeyer et al., 2013; Soden et al., 2017) since the
decision for invasive intervention is highly dependent on the patient’s perception of symptom
discomfort (Jaff et al., 2015). While patient-centred outcomes have been found to be beneficial
to the patient (Lokin et al., 2015), it is thought that they may not always reflect disease severity
(Devine et al., 2016) and revascularisation may be the result of the symptom being judged to
be ‘too severe’ than it really is with the assumption that the procedure ‘does not harm the
patient’ (Sterpetti, 2012). Decisions about intervention are also dependent on clinician and
institutional factors (Malgor et al., 2015). Clinicians with a very heavy workload and limited
resources are less likely to offer interventional options to patients with IC. On the other hand,
in institutions where the number of vascular clinicians is high in relation to the population,
more opportunities may be available to offer IC patients interventional options. The workload
of interventional radiologists may also determine timing of treating patients with IC. The
vagueness of current guidelines (Bevan & White Solaru, 2020) result in low prioritisation of
interventional treatment for IC patients and failure in some institutions to allocate appropriate
resources for what is perceived to be a relatively benign condition. Thus it has been recognized
that efforts should be directed at providing evidence in areas of clinical uncertainty and where

high variation in management exists (Soden et al., 2017).

The definition of ‘evidence-based medicine’ by Sackett (Sackett et al., 1996), stating that the
conscientious, explicit, and judicious use of current best evidence in making decisions about
the care of individual patients, highlights the need for further insight in this field. Data on
specific individual patient characteristics which can help predict the progress of symptomatic
PAD to CLI are currently lacking (B. Sigvant et al., 2016). Further knowledge related to the
progression of PAD in relation to the individual patient characteristics is required to help in the
identification of those who are more likely to deteriorate to develop CLI and may support

physician’s decision for early intervention.

For patients with CLI, the clinical decision for revascularisation is supported by the use of
available clinical predictive algorithms which help stratify patients according to their predicted
cardiovascular (Bertges et al., 2010; Cohn & Giese, 2016) or amputation risk (Huang et al.,
2019; Sanz et al., 2016) if they undergo revascularisation. For example, the CART

(classification and regression tree) risk stratification model (Huang et al., 2019) was developed
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for healthcare professionals to use in an easy way upon admission using readily available data
from clinical records to predict risk of amputation in CLI patients following endovascular
revascularisation. Another model (Kodama, Meecham & Popplewell et al., 2018), the Global
Anatomic Staging System (GLASS) predicts immediate technical failure and clinical outcomes
in patients with CLI undergoing infra-inguinal endovascular revascularisation using the

angiographic pattern of the disease.

Predictive clinical algorithms identify the combination of known independent predictors such
as presence of diabetes, hypertension, ischaemic heart disease and smoking, to determine
whether a patient has a low, medium or high risk of morbidity. Clinical predictive algorithms
provide clarification of the patient’s risk status, allowing for better informed clinical decision
making, tailoring management plans for the individual patient and allow for better informed
patient consent (Stoia et al., 2018). From a socio-economic point of view, knowledge of the
the patient’s predicted risk of deterioration reduces the chances of delay in treatment, reduces
over testing and over-treatment, reduces treatment costs while improving efficiency of the
healthcare system (Stoia et al., 2018). While several clinical algorithms exist to estimate the
predicted risk related to revascularisation in patients with CLTI, to date there are none designed
for predicting deterioration in patients with IC. The lack of evidence in identifying independent
predictors of deterioration in patients with IC makes it difficult to estimate the predicted risk
for the individual patient. Knowledge of an IC patient’s predictive risk of deterioration may
change the current approach of conservative management for all patients at initial diagnosis to
a more individualised approach, possibly considering early revascularisation in those identified

to be at high risk of developing CLI.

This gap in knowledge identified following review of literature in this thesis justified the need
for the research presented in chapters 4, 6 and 7. The paucity of adequate scientific data to
identify the best management approach for the individual patient contributes to clinical
uncertainty (Beresford, 1991; Sommers & Launer, 2014). Uncertainty in medical practice has
been extensively discussed in the literature due to its influence on clinicians’ decision to initiate
definitive treatment strategy (Beresford, 1991; Djulbegovic et al., 2011; Evans & Trotter, 2009;
Sommers & Launer, 2014). Thus, clinical uncertainty can potentially contribute to delay in
treatment, over-testing or over-treatment (Green et al., 2008). The uncertainty surrounding
management choices for the patient with IC and the clinical implications of possible delayed

treatment in those who are at high risk of deterioration justify the need for further insight in the
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patient factors associated with disease progression leading to possible identification of those

who are more likely to benefit from early revascularisation.

Knowledge of the risk factors and their association with IC is important for a better
understanding of the management and progression of this condition. Knowledge gained from

this review helped to set the groundwork for the design of the main study within this thesis.

2.8  Risk factors of progression of PAD in IC

Before embarking on the review of literature related to the risk factors of IC, it is important to
note that the strongest evidence demonstrating a relationship between recognised risk factors
and PAD are derived from epidemiological studies involving measurement of risk factors at
baseline (M. H. Criqui & Aboyans, 2015). To define a variable as a risk factor, it needs to show
evidence of altering the course of the disease when that variable is altered (Norgren et al.,
2007), as for example has been shown with smoking cessation and PAD progression
(Greenhalgh, 2008; J. T. Lu & Creager, 2004; I. Smith et al., 1996). Therefore, for most of the
risk factors, causation cannot be concluded as it is not known from these studies whether PAD
preceded the risk factor or vice versa (M. H. Criqui & Aboyans, 2015). Nevertheless, in
concordance with the literature in general, the various factors associated with PAD discussed

in this section and the rest of the thesis are referred to as risk factors.

Since the most common cause of PAD is atherosclerosis, the epidemiology and clinical
consequences of PAD are closely associated with classic atherosclerosis risk factors identified
for other arterial beds (Althouse et al., 2014; F. G. R. Fowkes et al., 2013; Song et al., 2019).
An extensive review of the literature by Criqui et al (M. H. Criqui & Aboyans, 2015) and a
systematic review by Song et al (Song et al., 2019) identified the important risk factors for IC
drawing on data from several studies worldwide, including those published from high and low
income countries. The major identified risk factors were previous history of CVD, age,
smoking, diabetes, hypertension, hyperlipidaemia and C-reactive protein (figure 2.4). Despite
extensive research, data on significant independent predictors associated with PAD progression
are relatively sparse (M. H. Criqui & Aboyans, 2015) and are discussed in the following

sections.
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Figure 2.4 Approximate range of odds ratios for risk factors in IC (Criqui & Aboyans, 2015)

2.8.1 Smoking

The association of cigarette smoking with IC has long been recognized and early publications
from the Framingham Study have provided significant evidence (W. B. Kannel & Shurtleff,
1973; J. M. Murabito et al., 1997) demonstrating that IC is three times more common among
smokers than non smokers (Gordon & Kannel, 1972). Epidemiological studies have suggested
that smoking is a strong risk factor for the development of PAD and is 2 to 3 times more likely
to cause lower extremity artery disease than coronary artery disease (M. H. Criqui & Aboyans,
2015; Price et al., 1999). Furthermore, epidemiological evidence from large studies (Bowlin et
al., 1994; W. Kannel & McGee, 1985; W. T. Meijer et al., 1998; F. Smith et al., 1998; G. D.
Smith et al., 1990) suggests that the risk of developing lower extremity PAD is increased 2 to
7 fold by smoking, while the risk of developing IC is 3 to 10 fold. The rate of major amputation
in patients with IC was in fact reported to be 6-11% in patients who smoked, compared with
no major amputations in non-smoking claudicants (Dormandy & Rutherford, 2000) while those
who continue to smoke have a 5-year mortality rate of 40 to 50% (W. Kannel & McGee, 1985).
A more recent systematic review (Song et al., 2019) concluded that the odds ratio for current

smokers in developing PAD was 2.83, increasing to 3.43 among high income countries.
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Previous studies have also shown that the risk of developing PAD increases with increasing
number of cigarettes smoked per day and number of years smoked (J. T. Lu & Creager, 2004;
Powell et al., 1997). In an early study, Cronenwett et al (1984) have shown that patients with
IC who smoked 40 pack-years (20 cigarettes smoked every day for one year) or more required
reconstructive vascular surgery more frequently by at least 3 fold than those who smoked less

(Cronenwett et al., 1984).

Although studies vary in the measurement of smoking, with some using categorical assessment
of current, past, or never while others utilise historical measures such as pack-years, there is an
overall agreement that when compared to non-smoking, current smoking has been shown to at
least double the risk of developing PAD, with some indicating up to 4 times the risk (Joosten
et al., 2012; M. H. Criqui & Aboyans, 2015)

Smoking is highly prevalent among the Maltese population where an estimated 21.5% of the
Maltese adult population are smokers, which is among the highest in Europe (WHO, 2012).
Smoking is associated with increased risk of development of PAD which is further increased
with the concomitant influence of diabetes (V. Aboyans et al., 2006; Kalbaugh et al., 2018;
Rooke et al., 2011), also an important risk factor and highly prevalent among the Maltese
population (Cuschieri, 2020).

2.8.2 Diabetes Mellitus

Diabetes mellitus is a known major known cardiovascular risk factor and increases the risk of
PAD development by 3-4 times (V. Aboyans et al., 2018; S. M. Conte & Vale, 2018;
McDermott et al., 2004; E. Selvin et al., 2006; Thiruvoipati et al., 2015). Evidence indicates
that for every 1% increase in HbAlc, the risk for developing PAD increases by 26% (E. Selvin
et al., 2006). The duration of diabetes mellitus, glycated-haemoglobin levels and use of insulin
are significantly associated with worsening PAD (Althouse et al., 2014; Kallio et al., 2003;
Tseng, 2003). Additionally, individuals with PAD and diabetes were 5 times more likely to
have an amputation when compared with individuals without diabetes (Jude et al., 2001). The
characterised increased atherosclerotic burden is due to mechanisms of irregularities within the
vessel wall, blood cells and blood rheology. Endothelial cell dysfunction, promotion of
vascular inflammation, abnormalities in smooth muscle cells, platelets and haemostatic factors,

increase with duration of diabetes and worsening blood glucose control (Kanter & Bornfeldt,
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2013; Thiruvoipati et al., 2015). The decreased nitric oxide bioavailability in diabetes results
in a cascade of events of vascular smooth muscle cell migration and proliferation with platelet
activation. Diabetes also leads to a hypercoagulable state with an elevation in blood viscosity

and fibrinogen which have been associated with abnormal ABPI (McDermott et al., 2004).

Despite the dramatic evidence associating diabetes with PAD, there are few studies that have
specifically investigated diabetes in relation to IC (Lozano et al., 2014). An investigation of
temporal trends of diabetes prevalence among patients with IC in the Framingham study (J. M.
Murabito et al., 2005) reported a rise from 2% to 25% between 1969 and 1999. The authors
also estimated that symptomatic PAD was twice as common among persons living with
diabetes than among individuals without diabetes. Additionally, in a cross-sectional analysis
of 3629 patients, diabetes mellitus was found to be an independent risk factor for IC (Wang et

al., 2005) following multivariate analysis.

Diabetes is also associated with disease progression among IC patients and earlier reports
indicate that people living with diabetes and IC have an overall amputation risk of 20% (Reiber
et al., 1992) and risk of mortality is 5 times more than non-diabetic controls (Jude et al., 2001).
Diabetes has been shown to affect lower extremity arteries both by promoting atherosclerotic
occlusive disease and by causing stiffening of the arterial wall (Edmonds et al., 1982; Everhart
et al., 1988). In diabetes, the changes occur predominantly in the distal arteries (Haltmayer et
al., 2001), which is associated with a higher risk of amputation and a decreased chance of
successful revascularisation (Lauterbach et al., 2005). Since diabetes has a greater effect on
smaller vessels, it was not found to be a significant predictor in some studies where progression
was measured by ABPI (V. Aboyans et al., 2006; Kennedy et al., 2005). It is not excluded that
in some patients arterial stiffening may ‘mask’ disease progression leading to a normal or
elevated ABPI reading (C. Formosa et al., 2013; Hyun, Forbang, Allison, Denenberg, Criqui,
& Ix, 2014), emphasizing the importance of using toe-brachial pressure index [TBPI] as a
measure of PAD in individuals with diabetes (Hyun, Forbang, Allison, Denenberg, Criqui, &
Ix, 2014). This recommendation was acknowledged during the design phase of the research

presented in this thesis and TBPI was included as a measure of PAD for all participants.
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2.8.3 Gender

The prevalence and incidence of IC is often reported to be higher in men than in women and
male gender is often considered as a risk factor for PAD, but the evidence is unclear in the
literature. In the Framingham Study, the annual incidence for all ages combined was 7.1 per
1000 in men and 3.6 per 1000 in women, indicating a male to female ratio of 1.97 (W. Kannel
& McGee, 1985). A more marked gender difference was demonstrated in a later study (J. M.
Murabito et al., 2002) with a ratio of 2.38 in a prevalence of 1.9% in men and 0.8% in women,
while in the Rotterdam study which included 7983 participants, prevalence of IC was more
common in men with a ratio of 1.83 (W. T. Meijer et al., 1998). In disagreement, an
epidemiological investigation of 20,000 unselected individuals concluded that age-adjusted
prevalence of IC did not differ between men and women (Jensen et al., 2003). Similar results
of no gender difference in prevalence of IC were reported when using ABPI to define
symptomatic PAD (Kennedy et al., 2005). Discrepancies in gender ratio between studies could
be due to a more frequent presentation of atypical pain in women which influenced results
when questionnaires were used as diagnostic tools (V. Aboyans et al., 2018; M. H. Criqui &
Aboyans, 2015). Therefore, while it is commonly perceived that patient-reported IC is more

common in men than in women, the distinct difference between genders is not yet established.

2.84 Age

Age is a known risk factor for PAD and IC (Song et al., 2019) as explained earlier in section
2.5 where figure 2.2 illustrated how the prevalence of IC increases with increasing age
(Norgren et al., 2007). In an unselected population, age was independently associated with
incident IC with a risk ratio of 1.7 (St-Pierre et al., 2010). An increasing longevity across the
world, including Malta, further increases the burden of this condition on the health systems
(Podesta et al., 2019), highlighting the need to place research related to PAD and IC in the

forefront.

2.8.5 Hypertension

Hypertension has a significant, independent association with PAD, evidenced in several large
population-based studies (M. H. Criqui et al., 2005; Dagenais et al., 1991; F. G. Fowkes et al.,
1992; Hooi et al., 2001) and is reported to be a highly prevalent risk factor of IC (V. Aboyans
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et al., 2018; M. H. Criqui & Aboyans, 2015; Joosten et al., 2012; W. T. Meijer et al., 2000; J.
M. Murabito et al., 1997).

A gender difference was also reported in relation to hypertension as a risk factor for IC in the
Framingham study where hypertensive men had a 2.5-fold risk of developing IC and women
with hypertension had a 3.9-fold risk (J. M. Murabito et al., 1997). While similar evidence was
also shown by the Edinburgh study (F. G. Fowkes et al., 1992; Leng et al., 1996), no association
between hypertension and IC was found in the Whitehall study which involved 18,388 men
aged between 40 and 64 years. In the Rotterdam study, risk factors for symptomatic PAD were
investigated in a cohort of elderly patients, reporting an odds ratio for hypertension of 1.32 (W.
T. Meijer et al., 2000). In another large prospective cohort study of men, hypertension was
found to be strongly and independently associated with risk of developing IC (Joosten et al.,
2012) and hypertension severity was associated with severity of PAD. Similarly, Jelnes et al
(Jelnes, Gaardsting, Hougaard Jensen, Baekgaard, Tonnesen, & Schroeder, 1986) reported that
progression of IC and deterioration was associated with higher systolic pressure, highlighting
the need for risk factor control for disease prevention. Improvement of IC symptoms, in terms
of walking distance and ABPI have been in fact reported following the administration of blood

pressure lowering medications (Thomas Manapurathe et al., 2017).

2.8.6 Dyslipidaemia

Disorders of lipoprotein metabolism has been associated with cardiovascular diseases in
several epidemiological studies (S. M. Conte & Vale, 2018; J. Stewart et al., 2017). The most
commonly used lipid measure as a risk factor for PAD is total cholesterol (M. H. Criqui &
Aboyans, 2015) although the ratio of total cholesterol to high density lipoprotein (HDL)
cholesterol has been found to be a better measure of risk (Natarajan et al., 2003; P. M. Ridker
et al.,, 2001). HDL cholesterol was reported to have a protective effect against symptomatic
PAD and low levels were significantly associated with increased risk of cardiovascular events
and mortality (Martinez-Aguilar et al., 2017). Evidence of low levels of HDL cholesterol was
identified in symptomatic PAD patients in a cross-sectional study (Kasko et al., 2014)
indicating an inverse relationship between severity of PAD and levels of HDL cholesterol.
However, other measures of cholesterol level have been used in different studies which are

also included in this review.
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A fasting cholesterol level of more than 7mmol/L! was associated with a two-fold increase in
the incidence of IC (J. M. Murabito et al., 1997). Similarly, the Cardiovascular health study
(Kennedy et al., 2005) reported an increased risk of developing PAD by 10% with every
10ml/dL! in total cholesterol. The association between hypertriglyceridemia and the
progression of carotid and coronary atherosclerosis is also well established (Amarenco et al.,
2004). However, some large population studies (F. G. Fowkes et al., 1991; J. M. Murabito et
al., 2002; A. B. Newman et al., 1993) failed to find an independent relationship between
triglycerides and PAD when using multivariate models while others (I. Smith et al., 1996) have
shown evidence of its association with disease progression. Additionally, a more recent
retrospective study on patients requiring revascularisation (Toth et al., 2019) reported that a
triglyceride level of more than 150mg/dL was a significant predictor for the need for
revascularisation among patients treated with statins. Discrepancies may be due to different
methods of defining PAD, where some studies used questionnaires (F. G. Fowkes et al., 1991;

A. B. Newman et al., 1993) and others (Toth et al., 2019) used angiographic analysis.

Another study (Bowlin et al., 1994) found a significant association between non-HDL
cholesterol (total cholesterol minus HDL cholesterol) and the incidence of IC among Israeli
men but no association was reported between PAD and total cholesterol or HDL cholesterol.
Among the different measures of cholesterol levels, Ridker et al (P. M. Ridker et al., 2001)
concluded that total cholesterol / HDL cholesterol ratio was the strongest lipid measure
associated with symptomatic PAD with a 4-fold increased risk of IC among patients within the

lowest quartile.

Overall therefore, HDL cholesterol, total cholesterol and triglycerides appear to be associated
with PAD but the latter may not be an independent risk factor. There is also consensus that
patients with PAD frequently show typical dyslipidaemia with low HDL cholesterol and high
triglycerides.

2.8.7 C-reactive protein

Peripheral arterial disease is associated not only with reduced lumen diameter and chronic
lower limb ischaemia but also with diffuse atherosclerosis and co-existing cardiovascular risk
factors (Montagnana et al., 2007). Epidemiological evidence suggests that atherosclerosis is

accompanied by inflammation which plays an important role in both the initiation and the
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progression of atherosclerosis of the carotid, coronary and peripheral arteries (P. M. Ridker et
al., 1998). Inflammation has a central role in the clinical progression and pathophysiology of
atherosclerosis, initiated by the accumulation of T lymphocytes and monocytes in the
subendothelium followed by plaque instability and thrombotic formation (Hansson, 2005;
Libby, 2012). Activated platelets also participate in the process by promoting inflammation in
the vessel wall and forming the thrombus (S. Massberg et al., 2003; S. Massberg et al., 2002).

While several inflammatory markers, namely ESR, interleukin-6 (IL-6) and C-reactive protein
(CRP) have been thought to reflect severity of underlying atherosclerotic disease, only CRP
demonstrated an association with carotid intima thickness (van der Meer et al., 2002). In their
study the authors assessed a random sample of 1317 participants for levels of CRP, interleukin
— 6 and soluble cell adhesion molecules. C-reactive protein demonstrated consistent
correlations with severity of atherosclerosis at various measured sites while associations with
other markers were less consistent. In agreement, in a prospective observational study, serum
CRP demonstrated a significant correlation with baseline ABPI and ABPI at 12-month follow-
up where a lower ABPI was associated with higher CRP levels (p<0.01) (Vainas et al., 2005).

C-reactive protein is an acute phase protein that is mainly regulated by the cytokine IL-6 and
is a sensitive marker for inflammation. High levels of CRP have been reported to be able to
predict coronary events in patients with stable or unstable angina and in healthy subjects (P.
M. Ridker et al., 2000). Moreover, levels of CRP and IL-6 have been positively correlated with
peripheral and coronary disease in selected patient populations, although little information
exists on the circulating levels of IL-6 in patients with atherosclerosis of the peripheral arteries
(Erren et al., 1999). While it is believed that cytokine-stimulated production of CRP by
hepatocytes is responsible for the increase in CRP levels in atherosclerosis, the production of
CRP by diseased vascular tissue has also been demonstrated, suggesting that CRP is not only

a marker but also actively participates in atherogenesis (Erren et al., 1999; Vainas et al., 2005).

In a prospective cohort study of 144 healthy men (P. M. Ridker et al., 1998), baseline levels of
CRP >1.34mg/mL were predictive of subsequent development of IC or need for
revascularisation within 5 years. In their study, relative risks of developing IC increased
significantly with each increasing quartile of baseline concentration of CRP, with a two-fold

increased risk in the highest quartile when compared to the lowest quartile of baseline CRP.
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Levels of C-reactive protein can indicate low-grade chronic inflammation, prospectively
defining the risk of atherosclerotic complications, including the development of IC, adding to

the prognostic value provided by traditional risk factors (Libby, 2012).

2.8.8 Body Mass Index

Body mass index (BMI) is a measure of a person’s weight in kilograms divided by the square
of the height in meters (kg/m?) (WHO, 2017). Although it does not measure body fat directly,
it is correlated to direct measures of body fat (Wohlfahrt-Veje et al., 2014). It is a readily
available and inexpensive method to measure obesity (WHO, 2017). Like more direct measures
of body fat, BMI has also been suggested to be a risk factor for cardiovascular diseases
(Freedman et al., 2009; Willett et al., 2006), however its identification as a risk factor for IC is

controversial in the literature (M. H. Criqui & Aboyans, 2015).

In a large epidemiological study (Bowlin et al., 1994) a significant association between BMI
and IC was reported with an estimated odds ratio of 1.24 for incident claudication with every
5Kg/m? difference in BMI. Several other large studies (Allison et al., 2006; Hooi et al., 2001;
W. T. Meijer et al., 2000; J. M. Murabito et al., 2002) failed to find a relationship between IC
or PAD and obesity. Controversial evidence was also reported in the association between BMI
levels and CVD risk. A BMI above 25 was found to be a significant risk factor for CVD but an
increased risk for all-cause mortality was also reported for levels below 20 in the same study
(Khosravi et al., 2012). There is evidence that higher levels of BMI are a good predictor for
cardiovascular disease however there is also good evidence that the risk lies with visceral
adiposity and liver fat at all levels of BMI (Després, 2012) which may explain the inconsistent
evidence (J. Stewart et al., 2017). Indeed, this led to the recommendations of not only weight
reduction as a method of risk management but also for a reduction of waist circumference (Ross

et al., 2020).

Following review of the literature it can be concluded that the main risk factors for IC and its
progression are diabetes, smoking, hypertension, age, dyslipidaemia and CRP. The
identification of important risk factors for IC in this chapter provided groundwork for the
design of the data collection process for the main study presented in this thesis. While
knowledge of the main risk factors has underpinned the conservative management approach

for patients presenting with IC, a challenge remains in identifying which of the risk factors are
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markers of a greater risk of deterioration to rest pain or ulceration (Martinez-Aguilar et al.,

2017).

2.9  Development of research question

Four key aspects have emerged from the review which have contributed to the development of

the theoretical framework and focus of the study (Figure 2.5):

e The knowledge related to the prognosis of IC

e Patient factors

e (Current management paradigm for patients with IC

e Diagnostic criteria of IC influence study outcome regarding progression

Key Aspect

Key Outcome

Current
knowledge
related to the
prognosis of IC

No clear
haemodynamic
evidence. Assumed
benign prognosis

Current
management
paradigm for
the patient
with IC

Conservative
management based
on benign
prognosis

Patient factors

Identified risk
factors but
insufficient
evidence to predict
risk of deterioration

Diagnostic
criteria of IC
influence study
outcomes

Figure 2.5: Development of the research question

Use of ABPI only
may cause
underestimation of
disease progression

Emerging focus of
the research

It is currently not
possible to identify
patients at risk of
deterioration to
help guide clinical
decisions at initial
diagnosis

Research
question

Is there a pattern
of predictive
patient factors
which identifies
patients at risk of
deterioration to
CLI within two
years among
patients with IC?
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Following review of the literature it is clear that the question of ‘who are the patients at risk of
deterioration in IC?’ cannot be clearly answered. The basic knowledge of the rate of
progression and how this may be influenced by specific risk factors in the individual patient is
unclear. This has resulted in lack of clear guidance for clinical decision making at early

diagnosis.

Therefore, this research aims to identify predictors for the progression of PAD to CLI among
patients with IC and use the identified predictive factors to develop a novel patient-specific
predictive algorithm to help stratify the predictive risk and define the likely prognosis. Thus,

the question remains:

Is there a pattern of predictive patient factors which identifies patients at risk of deterioration

to CLI within two years among patients with IC?

In order to reach the aim of this thesis in potentially predicting deterioration to CLI in patients

with IC and answering the research question the following objectives were defined:

o To determine risk factor prevalence and patient characteristics of patients

presenting with IC

e To determine risk factor prevalence and patient characteristics of patients with

1IC who deteriorate to CLI within two years

o To identify predictive risk factors for deterioration from IC to CLI and the effect

of different combinations of risk factors

o To develop a novel predictive algorithm for identifying patients at high risk of
deteriorating to CLI within two years

In the context of the planned research, the methodology which underpins the strategy for the
study design was explored, described and justified in the chapter 3.
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2.10 Summary of evidence

This chapter has highlighted that based on the current available evidence, the progression of
PAD among patients with IC is not clear and the assumption of a benign prognosis of the
symptomatic lower limb is questionable. Clear evidence to help in the identification of patients
who are at a higher risk of progression when they are diagnosed with IC is also lacking, causing
a challenge for clinicians to identify patients who would benefit from early revascularisation.
Despite the unclear evidence, the current accepted management paradigm at initial diagnosis
of IC is conservative management based on the assumed low risk of disease progression, an
approach which may result in delayed intervention in those who deteriorate rapidly to develop
CLTI. For these individuals, delayed treatment would mean a significant increased risk of

morbidity and mortality and poorer prognosis in cases of revascularisation.

The current inability to reliably prospectively identify patients who would have a poor
prognosis following conventional medical treatment highlights the need for further research in

this field. This knowledge could be used to guide clinical decision making at diagnosis.

The investigation presented in this thesis aimed to fill these gaps in knowledge and was framed
within four sequential studies. Firstly, the current knowledge of the progression of PAD among
patients with IC in terms of haemodynamic analysis needed to be established since this is still
unclear (Study 1). Secondly, the clinical pathway of diagnosis of IC and referral for
revascularisation in the local context required investigation to build knowledge in preparation
for the main study (Study 2). There was also a need to establish the prognosis of the patient
with IC both in terms of symptom severity and in terms of haemodynamic deterioration or
improvement since these are still unclear in the literature. Importantly, there was also a need
to establish predictive independent risk factors associated with progression to CLI among
patients with IC. The established risk factors can be used to develop a predictive algorithm to
help stratify the predictive risk and inform clinical decision making regarding early

revascularisation at initial diagnosis of IC for the individual patient.
The next chapter presents the philosophical and theoretical framework which provide

perspective to the planned research. The specific purpose, aim and objectives of each study are

presented in the respective chapters.
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CHAPTER THREE

Methodology - Identifying the Philosophical Approach

3.1 Introduction

Following the development of the research question, the approach to the method of
investigating it needed to be considered, to ensure that the findings are credible to the field of
study. The methodology chosen is concerned with linking the chosen methods to the desired
outcomes and hence defines the design of the research. The choice of methodology is justified
by the identification of the underlying beliefs of human knowledge and assumptions about
reality that the researcher conveys in the research (Crotty, 1998). The chosen methodology
describes the procedural framework and underpinning philosophy which guides the research
process. This chapter exposes the researcher’s philosophical perspective which underpins the

methodology applied in the work presented in this thesis.

The theoretical framework of this research relates to the philosophical foundation which guided
its development, linking the theoretical context and practical components of the research. The
work of this thesis is grounded in the philosophy of Thomas Khun’s theory of revolution in
science as set out in his seminal book, The Structure of Scientific Revolutions (Kuhn, 1962).
His philosophy on the growth of science and medical paradigms inspired the development of
this research, motivated new ways of thinking, leading to the proposal of new models of
treatment approaches to achieve better outcomes in the care of patients with IC. The influence
of his ideas is demonstrated by frequent references made to his concepts throughout this chapter
which describes the research methodology and philosophical perspective underpinning this

work.

3.2 Identifying the methodology and research paradigm

The methodology of a research project describes how the design strategy will proceed and
depends on the choice of research paradigm that informs the study (Creswell & Creswell,
2017). A research paradigm is the philosophy, ontology, epistemology and methodology that
collectively provide the path of the research. The term ‘paradigm’ was first used by Thomas

Kuhn in his influential monograph ‘The structure of Scientific Revolutions (Kuhn, 2012),
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where he stated that a paradigm represents the beliefs, values and methods shared by a
community of scientists solving problems in their field. In other words, a paradigm is a way of
describing the researcher’s beliefs about the nature of reality (ontology) and how it is known

(epistemology) (Patton, 2002).

Over the years, philosophers have been engaged in a long-standing debate about which is the
best paradigm within which to conduct research. The two fundamentally contrasting inquiry
paradigms central to this debate are positivism (objectivism), that holds that there is an
independent reality and constructionism (phenomenological or interpretive science) that
assumes that reality is the product of social processes (Neuman & Kreuger, 2003). These
philosophical paradigms have been described as opposites on an epistemological continuum,
with varying emerging philosophical positions between them. The contrasting core
assumptions between positivism (deduction-objective approach) and constructionism
(inductive-subjective approach) and their methodological implications (Burrel & Morgan,
1979) are summarized in figure 3.1. Although it is not universally the case, generally particular
paradigms are associated with certain methodologies. Positivist and constructivist ontologies
typically underlie quantitative and qualitative methods respectively, bringing fundamentally

distinct qualities to the research process.

Positivism Post-positivism Constructivism

Naive Realism Critical realism Relativism

oo

Ontology: One reality is Ontology: Reality knowable Ontology: Multiple socially

assumed to exist within probability and is only constructed realities exist

Epistemology: Objective imperfectly understood. Epistemology: Subjective

point of view. Replicable Epistemology: Objective point of view

findings are true point of view. Replicable Logic: inductive

Logic: deductive
Methods: quantitative
experimental tests in

laboratory settings

findings are probably true
Logic: deductive
Methods: realist inquiry in

natural settings.

Methods: qualitative enquiry
requiring dialogue between
researcher and and subjects of

the inquiry

Figure 3.1 Philosophical continuum adapted from Guba and Lincoln (Burrel & Morgan, 1979)
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In view of the nature of the research question and the objectives which this investigation aimed
to fulfill, this research was framed within the post-positivism philosophical perspective within
the critical realist point of view. Further justification and discussion of the core assumptions

underlying the critical realist paradigm are presented in the following section.

33 The philosophical perspective of the research

In order to be able to identify the paradigm framing a research project, the primary
consideration is the research topic, the aims and objectives of the research and the questions
posed. This investigation aimed to identify risk factors associated with deterioration to CLI
among patients presenting with IC and to apply the findings into developing a predictive model
for early identification of these patients. It aimed to test hypotheses for statistical significance,
namely the possibility of predicting lower limb prognosis in the individual patient with IC and
did not endeavour in generating hypotheses. This work intended to enhance the understanding
of patient characteristics in relation to deterioration to CLI, essentially by measuring variables
over a period of time, using specific methods and equipment to provide knowledge that has
practical implications. Measurement of the variables of interest warranted a quantitative
approach to data collection and data analysis while also considering the importance of
objectivity. The philosophical underpinnings of this research project is therefore consistent
with the core assumptions of the critical realist paradigm which aims to predict results, test a
theory, find the strength of associations between variables or investigate a cause and effect
relationship within a natural setting. This research aims to provide an understanding of the
current theory (of lower limb prognosis) which underpins the management paradigm of the

patient with IC, while acknowledging the possibility that theories may be revised.

3.3.1 Positivism, post-positivism and critical realism paradigm

As a paradigm, positivism, also referred to as logical positivism, was established in the Vienna
circle between the 1920s and 1930s, and affirms that the only way to establish truth and
objective reality is the scientific method (Stadler, 2015). It is based on the belief that the only
foundation of true knowledge is science. This approach was criticized by thinkers Karl popper
(Popper, 2014) and Thomas Kuhn (Mendie & EJESI, 2014; Reisch, 1991), arguing that human
knowledge 1is unavoidably conjectural and therefore imperfect, and draws from

constructionism in forming the understanding and definition of reality (Miller, 2005). Their
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criticism led to the emergence of the post-positivism paradigm which, like positivism, is
concerned with the objectivity of reality but accepts that not everything is completely knowable
(Krauss, 2005) and rejects the purely objective stance adopted by logical positivists.
Nevertheless, post-positivism supports the understanding that objectivity can be sought by
applying multiple observations and measures. However, while post-positivism also pursues
objectivity, it acknowledges that the theories, background knowledge and values of the
researcher may influence observations, hence possible effects of biases are recognized (Lindlof

& Taylor, 2017).

Post-positivism is largely influenced by the critical realist philosophy (Alvesson & Skoldberg,
2009). Further to the post-positivist point of view, critical realists recognize that observations
may involve error and that theories can be adapted. Understanding complex interventions such
as medical management paradigms, require a philosophy of science that explains why things
work or fail to work (Ellaway et al., 2020). The founder of critical realism, Bhaskar, argues
that although researchers may artificially create settings in a laboratory, which he calls ‘a closed
system’, the real world outside the laboratory is open to change and seen by observable events
thus called ‘an open system’ (Cruickshank, 2012). Observations are influenced by the
researcher’s world view but objectivity can nevertheless be achieved by using multiple
measures to gain a clear understanding of what is happening in reality. Indeed, Bhaskar notes
that although theories in natural sciences have valid ontological assumptions, they may still be
fallible, can be criticized and are open to revision or replacement. This is synonymous with the
work presented in this thesis which, as explained in section 3.3, is influenced by the
revolutionary theory by Thomas Kuhn, and investigates the currently accepted theory of lower
limb prognosis in IC, provides evidence indicating the need of a new perspective in the
management paradigm of patients with IC, while demonstrating that the previously accepted

paradigm needs to be revised.

3.3.2 Methodology applied in critical realist inquiry

Synonymous with the core objectives of this research, the critical realist investigates an inquiry
in its natural setting, observes cause and effect relationships and acknowledges the possibility
of a fallible theory (Pawson, 2006). The epistemological assumption of the nature of knowledge
is associated with the post-positivistic paradigm which states that facts can be tested

empirically, can be verified and can be generalized. For the post-positivist, knowledge typically
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comprises of hard data and absolute objectivity is approachable but not entirely achievable
(Alvesson & Skoldberg, 2009). Additionally, for the critical realist, research seeks to
understand the relationship between the context and study outcome, without controlling for
contextual variations, as other paradigms would seek to do (Ellaway et al., 2020). In the case
of the inquiry presented in this thesis, the relationship between the patient characteristics and
lower limb outcomes is being sought within the natural context, where context refers to the real
setting of human actions and clinical organization within a real health care scenario. As
reflected in this research, where the management paradigm for patients with IC is driven by
the common assumption of low risk to the lower limb, a realist inquiry typically seeks common
mechanisms which drive a shared structure (management paradigm) (Alvesson & Skoldberg,

2009).

Beyond the underlying ontological and epistemological foundations underpinning this
research, influences from the ideas of the revolutionary theory by Thomas Kuhn (Gutting,
1980; Kuhn, 2012) have guided the conceptual framework of this work. For better
understanding of this context, Kuhn’s theory is explained in the following section, while also
describing how the work of this thesis is grounded within his philosophy of scientific

advancement and how it inspired the development of this work.

34 The revolutionary theory and its influence on the conceptual framework

3.4.1 The revolutionary theory

There were several scientists and philosophers who investigated the development of science,
and different theories were proposed to describe models of medical advancements. Before
Kuhn, the philosophy of scientific development was the ‘scientific method’, underpinned by
the logical positivism paradigm together with the philosophy that scientific advancement
occurred through the addition of new truths to old ones (Mendie & EJESI, 2014). However,
Kuhn’s version of scientific development (Kuhn, 2012) differed dramatically from the

previously accepted version of cumulative progress.

Instead, according to Kuhn (Kuhn, 2012), advancement in science experiences alternating
phases of what he calls normal science and revolutions as illustrated in the figure 3.2. During

the phase of normal science, the medical community share a common intellectual framework,
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or paradigm which encompasses theories, equipment, terminology and empirical methods.
During this phase predictions of a disease or a medical condition are defined and accepted by
the medical community. The next phase, called the anomaly phase, is when problems occur
within the current paradigm resulting in unresolved issues. As anomalies increase and
observations do not concur with predicted outcomes, then the model crisis phase is reached
and new research leads to a revolutionary phase. This is called the model revolution and
indicates the period when a previously accepted model is viewed from a different perspective
and new paradigms are explored. This leads to a paradigm shift where the new proposed
paradigm becomes accepted within the community of practitioners. At this stage the revolution
disappears and the new paradigm becomes the accepted paradigm and hence normal science,

essentially returning to the beginning of the theory.

While Kuhn’s philosophy and the term ‘paradigm shift” was first known through his book over
50 years ago, his influences are still relevant today and are applied in several medical
professions (F. Conte et al., 2019; De Angulo & Losada, 2015; Hays, 2019; Wall & Carraro,
2009). He essentially describes how specialists in particular fields are plunged into periods of
uncertainty and are driven to engage in solving discrepancies between what is being predicted
and what is revealed by observation or experiment, eventually progressing to a paradigm shift
and a revolutionary phase (Kuhn, 2012). The following section describes how his concept of a
paradigm shift is embedded in the work presented in this thesis, has guided its development

and inspired the inception of this work.

The structure of scientific revolutions

Normal
* Normal Science ™ Science
* Equilibrium, harmony a4l ¢
* Model Drift g - .Model
* Outliers cease to be outliers Drift
- e : L Paradigm
Ripples turn to discontinuity ch K (Anomaly)
. ange h
* Model Crisis u n =
* Alternate methods permitted ool
+ Out-of-the-box reconsidered V. CyCI e il
* Model Revolution \ L 4
* New model becomes the new-normal \ > A
) . Model
* Paradigm Change Model Crisis

+ (Textbooks play catch-up) Revolution‘. b "

Figure 3.2 The structure of scientific revolutions by Thomas Kuhn (Kuhn, 2012)
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3.4.2 The influence of the revolutionary theory on the conceptual framework

While embracing the underpinning of the post-positivism paradigm within a critical realist
inquiry in relation to applying objectivity and quantitative measures for data collection, the
conceptual framework of this thesis is grounded in the philosophy of Kuhn’s concept of
advancement in medicine through a paradigm shift. As aptly stated in his seminal book,
paradigm shifts arise when the dominant current paradigm under which normal science
operates is rendered incompatible with new findings, facilitating the adoption of a new theory

or paradigm (Kuhn, 1962).

As described in the review of literature in Chapter two, the currently accepted paradigm
(normal science) for the patient with IC is the perceived benign prognosis for the lower limb
which led to the clinical recommendation of conservative management as first line treatment.
However, as described in the first chapter, during the inception of this study, anomalies in this
paradigm were perceived during personal clinical experience, where several patients were
observed to develop critical limb ischaemia within a short time after initial diagnosis of IC. As
described by Kuhn (Kuhn, 2012), while during the normal science phase these patients were
perceived to be outliers, they were now recognized as a testimony of inconsistency within the
accepted paradigm, hence a model drift is recognized. According to Kuhn, during this phase
practitioners and scientists start to question the fundamental principles and theoretical
propositions of the accepted paradigm through research. This guided the design of the first
study (Mizzi et al., 2019) (Chapter 4, Study 1 — The progression of PAD in patients with
intermittent claudication. A systematic review) which exposed lacunae in knowledge of
progression of PAD in these patients, initiating the model crisis phase. A discrepancy between
the accepted paradigm of a benign prognosis and new observations were further evidenced in
the main study which highlighted limb threatening prognosis among patients with IC (studies
3 and 4 presented in Chapters 6 and 7).

The perceived inconsistency of the accepted paradigm motivated new ways of thinking and
guided the author into the model revolution phase. Based on the findings, Kuhn’s philosophy
inspired the proposal of new models of treatment approaches to achieve better outcomes in the

care of patients with IC, hence proposing a paradigm shift in the management of these patients.
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3.5 The theoretical framework

The knowledge obtained from the literature review in Chapter Two has influenced the thoughts
that the work in this thesis has provoked, providing the theoretical framework of the planned
study. The theoretical framework underpins the process defining the specific problem which

needs to be investigated and provides the rationale for its focus (Varpio et al., 2020).

In a research framed within a post-positivistic stance, the theoretical framework is constructed
before the data collection and typically remains largely unchanged throughout the research
process. The theory is turned into a study subject and it unites findings across the research
contexts (Varpio et al., 2020). The theoretical framework within the context of an objectivist
deductive approach conveys why the current context is a justifiable area of study, shapes the
constructs of interest, expresses specific assumptions of the research questions while adapting

the approach for analyzing data (Osanloo & Grant, 2016).

Influenced by the works of Thomas Kuhn, the theoretical framework focuses on the
investigation of the current management paradigm for patients with IC and the foundations
which underpin it, potentially identifying anomalies and hence providing new evidence to

support the proposal of a paradigm shift in the management of patients with IC.
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*What mechanisms exist and how do they work?

eLijterature review to identify evidence underpinning the current management paradigm

*What might work? }
?

*/s it possible to identify a pattern of predictive factors among patients with IC who deteriorate to CLI

*Data collection and analysis

*Study 1 - Systematic review to define current knowledge on progression of PAD in IC

*Study 2- Identify diagnostic criteria and referral pathways used in the current study setting
Observe *Study 3 - Define characteristics of patients with IC by collecting prospective relevant data of patients

*Study 4 - Follow-up of participants for 2 years. Investigate patterns of patient factors among those

*What mechanisms work and for whom?
*Are there patterns of risk factors among those who deteriorate?
*Can deterioration be predicted at an early stage in a clinical scenario?
~
*How can mechanisms work and in what context?
*Can a predictive algorithm which categorises patients into risk categories for deterioration be used in
a new management paradigm?

j

Figure 3.3 The theoretical framework

Once the theoretical framework is defined, the methodological approach was identified in order

to answer the research question posed in the best possible way.

3.6 Identifying the methodological approach

Different researchers (Rudestam & Newton, 2007) use the terms quantitative and qualitative
in fundamentally different ways, describing quantitative data as including numbers, whereas
qualitative data include words, symbols, pictures and other non-numeric data. This is the
common understanding of these terms in texts that broadly review research design in the social

sciences and in evaluation (Creswell & Creswell, 2017).

This thesis follows the following definitions:
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3.6.1 Qualitative approach

The qualitative approach treats the phenomenon in question as a whole system and searches
for patterns within it by applying a holistic approach. It reflects an empathic understanding
where the researcher sees the structure of the social world through the eyes of the participants
(Maltby et al., 2014). Qualitative research tends to focus on exploring, in as much detail as
possible, instances or examples which are seen as being interesting or illuminating, and aims
to achieve ‘depth' rather than ‘breadth' (Maxwell, 2012). Data collected is often non-numeric
and it is often collected through focus groups, questionnaires and in-depth interviews aimed at
exploring abstract constructs such as attitudes, behaviours, experiences and views. The process
of learning knowledge from a qualitative approach is constructive, that is, it generates

hypotheses rather than answering them (Merriam & Tisdell, 2015).

3.6.2 Quantitative approach

A quantitative approach to research applies an analytical orientation and while the social
phenomena are acknowledged, it reduces facts to simpler models. This approach normally uses
deductive logic where researchers start with stating a hypothesis, collect data which requires
numeric information in the form of variables and which can be analysed statistically to test the

set hypothesis (Creswell & Creswell, 2017).

A study conducted within a post-positivism philosophical stance typically uses quantitative
methodology to test a defined hypothesis, applying deduction-objective approach. A critical
realist inquiry uses a pragmatic methodological approach which draws on the best methods
available to address its problems and questions (Ellaway et al., 2020). In this type of research
at the beginning of the investigation, the inquiry statement specifies the variables to be
investigated and the relationship between them, defines the theory, leading to hypothesis
testing and verification. In this context, data gathering techniques in the investigation presented
in this thesis employed a quantitative approach. In this regard techniques used in a quantitative
approach are mainly tests, experiments, observations or questionnaires and may include
experimental, quasi experimental, causal comparative, correlational and observational designs

(Mertens, 2008).
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Guiding features of post-positivism that are consistent with this work are the use of research
questions and hypotheses to drive method selection, it builds on previous knowledge and seeks
answers to inform real world practices while acknowledging the possible effects of bias in the
findings (Creswell & Creswell, 2017). In line with the critical realist inquiry, this work aims
to provide evidence which helps clinicians predict deterioration in patients with IC in real life
scenarios. Therefore, the nature of the research question posed warranted the investigation of
the relationship between defined variables of interest by statistical means and to investigate
their predictive ability within the clinical setting. These research elements required a
quantitative approach to study design and analytic techniques. The knowledge gained within
this work was therefore built from objective learning where information was sought by
applying quantitative observational methods of inquiry and data collection. The aims and

objectives pertaining to each study are presented in the relative chapters.

3.7 Defining the conceptual framework

Following review of the literature pertaining to prognosis of the lower limb in patients with IC,
it became clear that further research was required in this field as it underpins the current
management paradigm which is hampered by clinical uncertainty. Key aspects which were
highlighted and helped in designing the conceptual framework for the planned study were
defined in figure 2.5 (Chapter 2). After identifying the philosophical underpinnings of the
research, the conceptual framework of the planned research was designed so that the research

question could be answered.

In order to achieve the main aim of the study and answer the research question posed, the work
of this thesis was developed around a series of four investigations that built sequentially within
the critical realist pathway, each with study-specific objectives presented in separate chapters
in this thesis. The nature of the research question required quantitative analysis to define
relationships between patient characteristics and outcomes after a measured time with the aim

of exploring whether patterns of specific variables exist among those who develop CLI.

The first two studies established the groundwork for the main study. Firstly, the current
knowledge in the literature related to the progression rate of PAD among patients with IC
needed to be explored (Study 1). Additionally, the diagnostic methods and referral pathways
for the patient with IC in Malta needed to be established (Study 2) while also determining the
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scale of the problem in the local setting and feasibility for conducting the main investigation.

To fulfil the aim of the research in this thesis, the progression of PAD over time among patients

diagnosed with IC needed to be established. Patterns of predictive patient factors associated

with the development of CLI needed to be investigated to explore the possibility of designing

a predictive algorithm of patient factors to identify patients at high risk of deterioration (Study

3 and study 4). The conceptual framework of the planned research was therefore designed and

is summarized in figure 3.4
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Figure 3.4 The conceptual framework of the planned research
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Following identification of the philosophical underpinnings and the conceptual framework of

this work, the methodology for data collection was defined.

3.8  Identifying the study design for the main study

The planned research in this thesis aims to identify prognostic factors for deterioration of CLI
among patients with IC. As defined by Altman (Altman, 2001), the goals of prognostic studies
are:

e To guide clinical decision making, including treatment selection

e To improve understanding of the disease process

e To improve the design and analysis of clinical trials (for example, risk stratification)

e To assist in comparing outcome between treatment groups in non-randomised studies

e To define risk groups based on prognosis

e To predict disease outcome more accurately or parsimoniously

Prognostic research questions are best addressed using cohort study designs (C. Y. Lu, 2009;
Blevins & Wallace, 2010). This study design involves identifying a group of patients at the
time of their first event or initial diagnosis, collecting baseline data on various patient
characteristics which may be associated with the outcome of interest (lower limb event /
haemodynamic deterioration or improvement) and following-up the cohort over time to assess

which patients develop the outcome (Fineout-Overholt & Melnyk, 2004).

Purpose of the study (Research question) Most appropriate study design

Effectiveness Controlled trial

Harm Case control
Cohort

Prognosis Cohort

Case control
Aetiology / risk factors Cohort
Cross-sectional survey

Prevalence Cross-sectional survey

Meaning Qualitative data collection and analysis
Table 3.1 Identifying the study design. Adapted from (Blevins & Wallace, 2010)
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Prognostic studies enhance the understanding of the natural progression of a disease, allow
better prediction of disease outcomes and guide the clinical decision making process by
facilitating the selection of the treatment options which are most suitable for the patient (Mak
& Kum, 2005). Prospective cohort observational longitudinal studies are best suited for
investigating the progression of PAD in symptomatic patients because of the facility with
which progression of the atherosclerotic lesions can be repeatedly assessed using non-invasive
measures, independent of symptoms and without risk or discomfort (Nicoloff et al., 2002). For
the main study in this thesis, a prospective cohort observational longitudinal study design was
therefore employed and the STROBE statement (Strengthening the reporting of observational
studies in epidemiology) was used as a guideline during the study. The STROBE statement
(Appendix 2) is a 22-item checklist to enhance reporting of observational studies to facilitate

critical appraisal of the study’s findings (J. P. Vandenbroucke et al., 2014).

The major challenges of this design include (C. Y. Lu, 2009)
e Selection bias (Eg: systematic differences between study groups when a control group
is introduced)
e Inability to control for confounders (Eg: extraneous factors that might be associated
with the outcome)

e Bias by differential loss to follow-up (Eg: survival selection bias)

These challenges may have an effect on the validity of the study and are discussed further in

section 3.9.

3.8.1 Data analysis

In a realist inquiry, data analysis involves looking for evidence to identify whether any
recurring patterns exist which may influence the outcomes of interest. While there are no
definitive rules, any post-positivist research process should be open to considerations of
alternative explanations such as confounding factors and the method used should be thoroughly

documented (Ellaway et al., 2020).

Prognostic variables are often continuous measurements, as in the case of the data collected in

this research, such as analysed blood parameters, haemodynamic parameters and patient
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characteristics (eg; age, BMI). In cases where such variables are identified as prognostic to the
risk of an event then they would be expected to decrease or increase corresponding to the level
of risk. According to Altman (Altman & Royston, 2006), categorising participants according
to a cut-off point, (that is, converting continuous variables to categorical variables) before
analysis would completely discard potentially important information and reduces the ability to
detect an association with the outcome of interest. For this reason, for analysis of data in this

research, continuous variables were used throughout statistical analysis tests.

Cohort studies can demonstrate causal relationships between variables and outcome and
provide the relative risk or probability of developing the outcome of interest in the presence of
the identified variable (C. Y. Lu, 2009). In the main study presented in this thesis (Chapters 6
and 7), multinomial logistic regression analysis was applied to evaluate the relative risk of the
variables of interest and their relationship with the outcome of patients after two years. Further
analysis using the area under receiver operator characteristic (AUROC) was applied to evaluate
the predictive value of the proposed predictive model. Further details on the statistical anlysis

applied in this work is presented for each study in the respective chapters.

3.9  Validity and reliability

The concept of validity was originally developed within the positivist tradition and abundant
literature relating to its complexity has emerged (Heale & Twycross, 2015). Likewise, a
concern for validity is held with equal seriousness by practitioners of the interpretive tradition
who have claimed their own unique paradigms with corresponding validity criteria (Patton,

2002; Whittemore et al., 2001).

Validity is a construct developed to assess the truth value of inferences made from study
findings. The criteria for judging the quality of a research method is derived from the paradigm
that drives that method (Mays & Pope, 2000; Morris & Burkett, 2011). Therefore, using
quantitative criteria to judge qualitative inquiry has been argued to be inappropriate, resulting
in assessments that lack meaning and that are awkward and confusing (Mays & Pope, 2000).
In short, the quality of the inferences from a study should be judged by the terms of the

paradigm in which the study is situated. For observational studies, both internal and external
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validity are important concepts. The important aspects of validity and how they have influenced

the design of this research are presented in the next sections.

3.9.1 Internal validity

Internal validity is a term used to describe the strength of the inferences derived from the study
(Carlson & Morrison, 2009), i.e. whether the observed outcome is influenced by systematic
errors or bias. In observational cohort studies, it is critical to address and minimise the effects
of'bias and confounding factors as they can be threats to internal validity of the study. Strategies
to reduce the risk as defined by (C. Y. Lu, 2009) were applied at the design stage of the main
study including following the STROBE statement (J. P. Vandenbroucke et al., 2014) and

identification of possible sources of bias.

Selection bias can occur during the recruitment phase of the study since observational cohort
studies generally do not employ random selection techniques (J. P. Vandenbroucke, 2004).
Since this study aimed to recruit patients with IC referred to the vascular unit in the Maltese
national hospital, risks of selection bias were assessed by evaluating referral patterns of patients
in a study conducted early in this research (Study 2, Chapter 4). Following results of Study 2,
which showed differences in referral patterns between GPs working in primary care,
communication was undertaken to encourage and increase referrals of patients who attended
primary care clinics complaining of IC by all GPs, reducing effects of differences in GP

preference.

Another type of selection bias can occur at recruitment phase when the researcher would have
knowledge of the management plan of the patient, influencing selection of participants (J. P.
Vandenbroucke, 2004). For example, if patients who are planned to undergo revascularisation
would not be recruited, a bias toward selection of healthier patients would occur. To account
for this, allocation concealment, where the researcher is blinded of the management of the
potential participant should be applied. Allocation concealment was adopted in this research

since participants were recruited before they had an appointment with the vascular consultant.

Confounding factors are factors which may be related to the prognostic factor and also have an
effect on the outcome (Von Elm et al., 2014). Strategies to reduce confounding at the design

phase include primarily to record or measure all potential confounding factors (Hayden et al.,
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2013). This was possible because the study was a prospective cohort study and would not have
been possible in a retrospective study design. Additionally, no restrictions to a confounder were
made in the inclusion criteria (for example some studies restrict gender). In the analytical
phase, minimizing confounding bias included avoiding stratifying groups on the basis of
characteristics which are potentially confounding. Another strategy which was adopted
included applying multinomial logistic model analysis which is a mathematical model that
calculates an odds ratio which is controlled for multiple cofounders (Pourhoseingholi et al.,
2012). Adequate measurement and recording of important confounding variables and their
inclusion in multivariable analysis ensures low risk of bias in a study (Hayden et al., 2013).
Important confounding factors for this study included presence of conditions which limited
walking (such as arthritic pain, breathlessness), which caused IC other PAD (such as spinal
stenos) and which caused mortality (such as malignancy). Residual confounding factors, that
is, unmeasured potential confounding variables were acknowledged in the limitation section of

each study.

A concept of validity which is key to internal validity in a research study involves the extent
to which an instrument measures what it is meant to measure and how accurately (which is a
measure of reliability) it can do it (Heale & Twycross, 2015). In this context, validity refers to
three categories: Content validity, construct validity and criterion validity which are

summarized in table 3.2.

Type of validity Description

Content validity The extent to which a research instrument accurately measures
aspects of a construct.

Construct validity The extent to which an instrument measures the intended construct

Criterion validity The extent to which an instrument is related to other instruments that

measure the same variables.
Table 3.2 Types of validity adapted from (Heale & Twycross, 2015)

In this thesis, measurement of variables performed by the researcher included haemodynamic
analysis (Doppler waveform analysis, ABPI and TBPI) as diagnostic tools of severity of PAD.
The validity of these modalities of measurement of blood perfusion to the lower limb were
discussed in section 2.4 where following review of the literature it was concluded that for best

results, all three measures of perfusion should be used adjunctively. Aspects which may
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influence validity of haemodynamic measures included practitioner experience. Being a
podiatrist with over 8 years’ experience running a vascular assessment clinic minimized the
possibility of errors occurring due to inexperience. Additionally, all the recruited participants
were also assessed by a vascular surgeon by duplex scanning, therefore confirming diagnosis
of PAD. Further to this, a test-re-test reliability test to assess consistency (intra-rater reliability)
was also performed on a sample of participants indicating the appropriateness of the

haemodynamic measures to be used in the planned research.

Internal validity is a pre-requisite for external validity.

3.9.2 External validity

External validity refers to the degree to which conclusions derived from a study could be
sustained for other populations and conditions. Measures to enhance external validity include
methods to ensure that the study sample is representative of the study population (Carlson et
al., 2009). A method to limit threats to external validity is by avoiding small sample sizes to
ensure that the study has adequate power to detect the effects hypothesised in the study. This
was calculated and is presented in Chapter 5, section 5.5.1. Another measure to improve
external validity included efforts to increase the likelihood of a representative sample by
addressing issues of referral patterns identified in Study 2, which encouraged referral of all
patients with IC, irrespective of severity, among Primary health care general practitioners. This

is explained in further detail in Chapter 4, Study 2.

However, in studies where recruitment was done in a single geographic location, as in the case
of the current research where the study was conducted in Malta, external validity could not be
verified and would need to be assessed by replicating the study in different populations
(Carlson & Morrison, 2009). The STROBE checklist (Appendix 2) was followed to facilitate
the assessment of the generalizability of the findings of the study (J. P. Vandenbroucke et al.,
2014) if it were to be replicated.

Following the identification of the methodology for the planned research, it was important to

ensure that the research protocol employed conformed to the principles of ethical professional

practice. Therefore, before embarking on the data collection, ethical approval was sought as
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stated by the Declaration of Helsinki (General Assembly of the World Medical Association,

2014) in relation to ethical principles for medical research involving human subjects.

3.10 Ethical Considerations

Although study 1 did not require full ethical approval, this was still sought at the initial stages
for the purpose of the planned research. Permissions to access patient databases and medical
records were sought and granted by the data protection officer (Health Department, Malta),
Head of Surgery (Mater Dei hospital) and Lead consultant vascular surgeon (Vascular unit,
Mater Dei hospital). A request (Ethics registration FHS 005/2016) was sent to the University
Research Ethics Committee (University of Malta) on 18™ January 2016. Approval was granted
and received on 21 March, 2016 (Appendix 1). The following topics were taken in

consideration.

3.10.1 Initial approach

Patients who were referred to the vascular unit at the national hospital due to IC were given an
information sheet (by hand / post or email) providing knowledge about the research prior to
being contacted for an appointment for vascular assessment. This gave enough time for the
potential participants to read the document and arrive at an informed decision whether they
wished to participate. Contact details of the researcher and principal supervisor were provided

in case they wished for further information.

3.10.2 Informed consent

For studies 3 and 4, informed consent was obtained from the potential participant who signed
a document on the day of the research appointment. Participants were informed once again
verbally about the research and any questions were answered at this time. They were informed

both in writing and verbally that they could withdraw from the study at any time if they wished.

3.10.3 Confidentiality

For study 2, no personal information was collected and data was anonymized prior to access

by the researcher. For studies 3 and 4, all participant identification information was coded and
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stored electronically. Hard copies of recorded data and signed consent forms were locked and
accessible only to the researcher in accordance with the University of Malta research policy.

The processed data will be kept for ten years and destroyed thereafter.

3.11 Conclusion

This chapter has presented the philosophical underpinning and influences on the theoretical
and conceptual framework of the planned research. It also provided a justification for the
methods employed for data collection and analysis of data which are described in further detail

in the relevant sections in each study chapter.

In summary, this research was founded upon four sequential studies which have a post-
positivist philosophical underpinning with a critical realist approach. Quantitative methods of
data collection and analysis together with a prospective cohort observational longitudinal study

design were justified as the best way to answer the research question posed.

The following chapters present the studies employed. Chapter 4 includes the two retrospective
studies (Study 1 — Systematic review of progression of PAD in patients with IC and Study 2 —
Referral patterns and diagnostic criteria in patients with IC in the local setting). Chapter 5
presents the methods employed for the main studies. Chapter 6 presents Study 3 which provides
the cross-sectional data of patients with IC in Malta. The baseline characteristics of the
recruited participants were analysed. Chapter 7 presents the 2-year follow-up analysis of data,
identification of predictive factors for deterioration to CLI and the development of a predictive

algorithm for risk categorisation of patients at initial diagnosis.
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CHAPTER FOUR

Retrospective studies: Study 1 and Study 2

This chapter presents two retrospective studies which were conducted at the initial stages of
this planned research. Study 1 investigated the current knowledge related to the progression of
PAD in patients with IC through a systematic review. Study 2 investigated the referral patterns
in patients with IC and assessed the extent of the problem in Malta, providing background

knowledge required for the main study.

4.0 Study 1: The progression of symptomatic PAD and the prognosis of

patients with IC. A systematic review

This study was published in an international peer reviewed journal (Appendix 3):
Mizzi A, Cassar K, Bowen C and Formosa C. (2019) The progression rate of peripheral
arterial disease in patients with intermittent claudication: a systematic review. J Foot

Ankle Res. 12: 40

4.1 Introduction

The progression of PAD in patients presenting with IC can be diverse, where the majority
remain stable, some improve and a small percentage deteriorate to develop CLI (K. Cassar,
2006). As discussed in Chapter Two, the variable progression of the disease makes it difficult
to predict the progression risk and rate in individual patients on first presentation, therefore the
recommended first-line treatment strategy is conservative treatment since the majority are
assumed to have a benign prognosis (Jaff et al., 2015). However, this approach may lead to the
possible delay of revascularisation in patients who are more likely to deteriorate to CLI.
Knowledge of disease progression rate and identifying those patients with a poor prognosis
might help inform a decision for early intervention. In these cases, early intervention may be
more favourable since delay may result in the loss of opportunity for less extensive
interventional options due to progression of arterial disease and increased surgical risk caused

by deterioration of the patient’s general condition (Wolosker et al., 2003).
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Research related to the prognosis of patients with IC is mainly focused on long-term
cardiovascular outcomes, mortality risk and quality of life (Cascini et al., 2020; Hata et al.,
2020; Sartipy et al., 2018). As discussed in Chapter Two, prognostic knowledge of the affected
limb is limited because the disease progression rate in patients with IC is not clear in the
literature and further insight is required. The literature in this area of study has not been
evaluated systematically, a systematic review was therefore undertaken to evaluate the current

evidence related to the progression rate of PAD in patients with IC.

Systematic reviews identify and synthesise primary research, assess consistency of findings
across studies and evaluate the quality of evidence reported (Eden et al., 2011). Within the
context of healthcare practices, systematic reviews are encouraged to identify the best available
evidence underpinning a treatment strategy. A systematic review supports evidence-based
medicine while providing objective criteria to inform decision making in healthcare practice

and policy (R. Mallett et al., 2012).

4.2 Aim and objectives of the study

This study aimed to determine the progression rate of PAD in patients with IC by evaluating

evidence from identified studies investigating progression of disease.

4.2.1 Objectives

The objectives of the study are:
e To identify and quantify studies that have assessed the temporal progression of PAD in

patients presenting with IC reporting haemodynamic measures.

e To evaluate data in relation to study design, participant characteristics and methodology

of the studies that report progression of PAD in patients with IC.

4.3 Methodology

A number of methodological components are important when conducting a systematic review,
including defining the outcome under review a priori, searching for and locating the relevant

evidence, applying standardisation in the selection method of included studies and synthesising
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the data (Shepperd et al., 2009). In order to ensure consistent, transparent and sound
conclusions, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist (Appendix 4) was applied in this study (Moher, Liberati, Tetzlaff, &
Altman, 2009).

4.3.1 Eligibility Criteria

As recommended in the PRISMA statement (Moher, Liberati, Tetzlaff, & Altman, 2009),
explicit declarations of questions being addressed were defined with reference to participants,

interventions, comparisons, outcomes and study design (PICOS).

Eligible articles needed to report on the natural history of patients with intermittent claudication
as a symptom of PAD, also documenting temporal progression of the disease. Disease
progression has been previously suggested to be detectable after 12 months (Walsh et al.,
1991), therefore studies were selected if they primarily aimed to investigate the progression of

symptomatic arterial disease with at least 1-year follow-up.

Primary endpoints were progression in terms of haemodynamic parameters (expressed as time
for defined decrease in ABPI and / or TBPI) and adverse lower limb events (expressed as time
to development of ulceration, amputation or gangrene). Secondary endpoints were
identification of prognostic factors for the development of adverse lower limb events and for
the progression of peripheral arterial disease in patients with IC. In this investigation all study
designs were considered, however, prospective cohort studies have the most suitable design to

investigate the natural history of events (Tooth et al., 2005).

4.3.2 Data sources and search strategies

A literature search was conducted between 9" and 15 of July, 2018. The search for potentially
relevant articles was performed in PubMed and MEDLINE, Cochrane database of systematic
reviews, Elsevier (Embase and Sciencedirect), CINAHL, HyDi and Web of Science up to July
2018. Hydi is a one stop search portal provided by the University of Malta that allows the users
to perform a single search through all the library’s printed and online resources. Reference
lists of retrieved full-text articles were also cross-checked and OpenGrey database was

searched for any relevant grey literature. The searches were performed without restrictions on
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publication date, or publication status. Search results were downloaded into a bibliographic

software Refworks (ProQuest LLC).

Limits for the search strategy included studies on humans and English language. The search
terms used for this literature search were identified after reading several publications related to
the subject area. The keywords and Boolean terms present in the title or abstract, used in this

search are presented in the table 4.1. Each search was repeated for each database.

Intermittent Claudication and prognosis

Intermittent Claudication and fate

Intermittent Claudication and natural history

Intermittent claudication and progression

Intermittent claudication and outcome

Symptomatic peripheral arterial disease and Prognosis
Symptomatic peripheral arterial disease and Progression
Symptomatic peripheral arterial disease and natural history

Symptomatic peripheral arterial disease and outcome

Table 4.1 Keywords used for literature search

4.3.4 Study selection and data extraction

Titles and abstracts of studies identified by the search strategy were assessed in terms of
relevance and design. The full versions of the articles were retrieved if they fulfilled the
inclusion criteria and were reviewed by two investigators independently (SM and CF, both
podiatrists and academics). Methodological quality of each trial was assessed systematically
with the aid of the Cochrane Vascular guidelines for external referees and The Reporting of
Observational Longitudinal Research checklist (Appendix 5). The process was pilot-tested on
a selection of studies and refined where required. Disagreement between reviewers was

discussed until agreement was reached.
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4.3.5 Data items

Data collected included study design, methods, participant characteristics, baseline
components reported, PAD and IC diagnostic criteria and trial outcomes defined as decrease
in ABPI/ TBPI or other haemodynamic parameter. Trial data were extracted and summarised

and are presented in table 4.3.

4.3.6 Evaluation of risk of bias and quality of evidence of individual studies

The Reporting of Observational Longitudinal Research checklist was used to evaluate risk of
bias in cohort studies (Tooth et al., 2005). Study quality of the studies was evaluated using the
Cochrane Collaboration Tool for Assessing Risk of Bias (J. Higgins et al., 2011) and was
applied for each important outcome (across domains) within and across studies as summarized

1n table 4.2.

Risk of bias Interpretation Within a study Across studies

Low risk of bias. | Plausible bias unlikely | Low risk of bias for all | Most information is from
to seriously alter the key domains. studies at low risk of bias.
results.

Unclear risk of Plausible bias that Unclear risk of bias for | Most information is from

bias. raises some doubt one or more key studies at low or unclear
about the results. domains. risk of bias.

High risk of bias. | Plausible bias that High risk of bias for The proportion of
seriously weakens one or more key information from studies
confidence in the domains. at high risk of bias is
results. sufficient to affect the

interpretation of results.

Table 4.2 — Cochrane collaboration interpretation of bias (J. Higgins et al., 2011)

4.4 Results

The initial search yielded a total of 794 potentially relevant papers. After duplicates were
removed, 471 records remained of which 404 were excluded based on the content of their titles
and abstracts. Fifty-five full text papers were retrieved for review and an additional 12 papers
were retrieved from bibliography lists. Following review of the full-text versions by SM and
CF, a further 59 papers were excluded while 8 papers fulfilled the inclusion criteria. The

reasons were failure to report measurable haemodynamic deterioration, no report on
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participants with IC, failure to report temporal progression of PAD and use of same cohort.

The PRISMA flow chart and reasons for exclusion are shown in figure 4.1

Due to the heterogeneity of the methods used in reporting haemodynamic deterioration and

outcome measures, a narrative synthesis of the 8 included studies was conducted without meta-

analysis.

-E Records identified through Additional records identified
E database searching through other sources
ﬁ (n=793 ) (n=1)
S ¥ Y
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for eligibility

Full-text articles assessed

I Full-text articles
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progression of PAD
(35),

No report on IC
patients (7)

No report on

Induded
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Studies included in
qualitative synthesis

progression rate (17)

Figure 4.1 PRISMA flow chart
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4.4.1 Characteristics of included studies

The characteristics in term of study design, participants included and reported outcomes are

discussed in the following sections.

4.4.1.1 Study design and participants

Eight full-text articles met the selection criteria reporting temporal progression of IC (Aquino
et al., 2001; Bird et al., 1999; F. Fowkes et al., 1993; Naschitz et al., 1988; F. B. Smith et al.,
2003; I. Smith et al., 1996; Walsh et al., 1991; Whyman et al., 1993). Study designs included
were 7 prospective cohort studies, and one retrospective cohort study. The number of
participants ranged from 38 to 1244, with the largest study recruiting only male participants.
All studies included ABPI as a baseline clinical measure of PAD except two studies (Walsh et
al., 1991; Whyman et al., 1993) which reported duplex angiography results. Only one study
(Bird et al., 1999) included TBPI. Diagnosis of IC as a symptom of PAD, in order to exclude
any alternative diagnosis, varied considerably across the studies. Smith et al (F. B. Smith et al.,
2003) used the WHO questionnaire, while 5 studies used ABPI <0.9 as a cut-off point and the
other studies (Walsh et al., 1991; Whyman et al., 1993) used duplex scan reports. Two studies
evaluated walking distance using treadmill tests, one other study included data using the San
Diego claudication questionnaire while the rest did not report walking distance. Follow-up

period ranged from 1 year to 12 years.

4.4.1.2 Outcome- Haemodynamic deterioration

A decline in ABPI was reported in the prospective cohort study by Smith et al (I. Smith et al.,
1996) who investigated the association between smoking and cardiovascular disease in 415
participants with IC for a follow-up period of up to 6 years. The authors reported a decline of
21% of baseline ABPI by >0.14 after 1 year, followed by a decline of 16% and 17% in the
second and third years respectively. By the end of the study period 12.5% developed CLI. An
ABPI <0.5 and hyper triglyceridaemia were significantly associated with risk of deterioration
of ABPI. Diabetes and smoking were not found to be predictive of ABPI deterioration.
However, the authors stated that 29% of the participants were lost to follow-up without
reporting reasons for this and an additional 26% died during the study and were therefore
excluded. This may result in selective survival bias where the authors report data only on the

survivors, omitting those who were either lost to follow up or who died and who could have
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been more likely to have a more rapid decline in ABPI. Causes of death were also not reported
therefore it is not known whether it was due to lower limb deterioration or not. Such a method

may underestimate the true deterioration in PAD in patients with IC.

Bird et al (Bird et al., 1999) investigated the natural history of PAD in 423 participants, of
whom 177 experienced IC as a symptom. The authors report an overall mean change in ABPI
0f -0.019 and an overall mean decline in TBPI of -0.013 in their participants but do not report
haemodynamic decline in participants with IC. However, a decline of ‘-1 unit’ (one standard
deviation derived from z-scores) was associated with having Rose claudication and reflects a
change in PAD over time in a given limb. These results however need to be interpreted with
caution since in this study those who required revascularisation or who died were excluded
from the study. In this way those participants who had more severe disease were possibly
excluded resulting in a source of survival selection bias with an underestimation of the
quantitative progression of PAD. The authors also acknowledge an element of systematic bias
due to arterial calcification which may have masked a decline in ABPI and resulted in
underestimation of PAD progression. Additionally, out of the initial number of possible
participants, approximately 50% (n=1276) were non-responders. The authors attempted to
address possible selective bias by assessing retrospectively obtained baseline data of 77 of the
non-responders. They stated that the baseline haemodynamic data was comparable to the study

group data.

Smith et al (F. B. Smith et al., 2003) investigated changes in ABPI in 131 participants with IC
who were participants in the Edinburgh study with a follow-up of 5 years. The authors reported
a decline of 0.04 in ABPI over a period of 5 years in the limb with lower ABPI at baseline and
a decline of 0.09 in the limb with higher ABPI at baseline. At baseline the authors used the
lower ABPI between the left and right limb as an indication of worse disease in the analysis.
The ABPI however may be falsely elevated due to arterial calcification and hence the severity
of disease could have been underestimated. Similar to the previous study, participants who did
not attend follow-up or who died (approx. 50% of participants) were excluded from the study.
The authors acknowledge an element of survival selection bias in their results which may
underestimate the deterioration of PAD since the excluded participants were probably those
who declined more rapidly. Additionally, the authors did not exclude participants with calcified
arteries and an ABPI of 1.5 when calculating the mean, potentially resulting in a false elevation

in the mean overall ABPI of the participants.
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Walsh et al (Walsh et al., 1991) investigated the progression of PAD in 38 participants with
superficial femoral artery (SFA) stenosis, 28 of whom had IC and who were treated
conservatively. Patients who were referred for revascularisation were excluded. Diagnosis was
based on arteriography and duplex scans and their study cohort was followed up for a mean
period of 37 months. In their cohort, 28% demonstrated atherosclerotic progression with
worsening of symptoms. This progression was faster in symptomatic patients when compared
to those without symptoms (15.6% per year vs 3% per year p=0.006). Additionally, a faster
progression rate was observed in patients whose contralateral SFA was occluded (10% per year
vs 1.6% per year p=0.04). Furthermore, SFA disease progresses in a way that is synchronous
to symptom progression, indicating that worsening of claudication symptoms are indicative of
further SFA occlusion. However, this did not necessarily reflect severity of disease across
patients. Through multivariate regression analysis, symptom progression and smoking history
were found to be predictive factors for SFA stenosis progression. The authors concluded that
among those whose SFA stenosis progressed to occlusion, the average progression rate was
12% per year with the highest rate of progression reported as 30% per year. The authors
suggested that knowledge of the predicted rate of progression can help in decision making
related to follow-up or prophylactic endovascular treatment of SFA stenosis. In this study the
authors did not use ABPI or TBPI as a measure of PAD and therefore results cannot be
compared to other studies reviewed in this chapter. The authors acknowledge the possibility of

type II errors in this study due to the limited number of participants.

Fowkes et al (F. Fowkes et al., 1993) investigated the progression of PAD in a cohort of 617
claudicants with the aim of identifying haemostatic factors as predictors of cardiovascular
disease. The ABPI at baseline and after one year was measured. Critical limb ischaemia
developed in 4.8% of the study cohort and progression of PAD expressed as a mean decline of
-0.01 in ABPI per year was found. At recruitment, participants with severe disease, that is,
those who required revascularisation, were excluded, thus creating possible selection bias and
recruiting only those with milder disease and who may possibly progress at a slower rate. The
authors report an overall mean decline in ABPI of 0.01 after 1 year, while 2.4% developed CLI
(rest pain/ ulceration or gangrene) and a further 2.4% required surgical intervention, the reason
for which is unspecified. The authors did not provide the mean decline in ABPI of those who
deteriorated. There is also no reference made to possible falsely elevated ABPI readings due
to calcification when 91% of the participants smoked or had a smoking history which increases

the risk of calcification (Tsai et al., 2020).
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Naschitz et al (Naschitz et al., 1988) investigated retrospectively, the predictors and outcome
in 460 patients with claudication who were referred to a vascular laboratory. The participants
included were only those who received conservative treatment. The authors did not report the
yearly ABPI decline but they stated that a decline of 0.15 in ABPI in patients who had an ABPI
of <0.5 at baseline increased the risk of requiring revascularisation by 1.9 times. In their report
there is no reference to attrition rate or to possible arterial calcification altering ABPI readings.
An element of selection bias in recruiting only those who were allocated to conservative

treatment may have resulted in a selection of participants with milder disease.

Aquino et al (Aquino et al., 2001) investigated the natural history of IC in 1244 male veterans.
Serial data of ABPI and walking distance was available in 779 participants who were followed
for at least 2 years. Inclusion criteria included an ABPI <0.9 and a report of IC symptoms in
the buttock, thigh or calf. Participants with calcified arteries and an ABPI >1.25 were included
provided that they had a reduction by more than 50% in amplitude of pulse volume recording
when compared to thigh. The authors reported a yearly decrease in ABPI of 0.014 and a yearly
decrease in walking distance by 8.41 meters (self-reported distance). The authors
acknowledged missing or unreliable data of 465 participants who were therefore excluded from
the analysis. In this study there are elements of selective bias since the participants were all
male veterans with no representation of the female gender, limiting external validity of the
study. It is unclear whether the excluded participants had similar baseline data to the recruited
participants. Additionally, there is no reference to the possibility that falsely elevated ABPI
readings may have affected the calculation of the mean yearly reduction in ABPI or whether
calcification may have occurred during the study period, which may have hidden the true

deterioration of PAD.

Whyman et al (Whyman et al., 1993) investigated the progression of atherosclerosis in
femoropopliteal lesions in 35 patients with IC. Progression was expressed as velocity ratio
(VR) and the Bollinger score. The authors reported that 21% of the participants deteriorated to
occlusion of the artery within a median of 13 weeks. Rapid progression of disease was
associated with a VR>3 at baseline, which indicates the presence of significant stenosis, while
those with a VR<3 did not deteriorate. The authors postulate that a short window of opportunity

exists to undertake revascularisation in patients with a VR>3 before rapid progression occurs.
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Table 4.3 Studies reporting progression of PAD in IC

Studies Methodology

Smith et al = Prospective
1996 study
Influence

of smoking

cessation

and HLD

on

progression

of PAD

Smith et al
2003
Changes in
ABPI -
Edinburgh
Artery
Study

Prospective
cohort using
subset from
Edinburgh
study

Study
Population
(age &
gender)

235 - 151
smokers /
83 stoppers
with IC

131 patients
who had IC
at baseline/
developed
during F/u.
No report of
patients
with IC at
baseline
only.

Baseline
Characteristics

Triglycerides,
HT, ABPI

WHO
questionnaire,
smoking status,
HT, ECG,
BMI, ABPI

Follow- Outcome
Diagnosis | up period MACE-
of IC in CVD
months morbidity
and mortality
(CVD death)
ABPI 3 years,
<0.9 f/u every
12
months
WHO Syr and Mortality
(grades 12 yr excluded, no
1,2& report on
probable MACE
10) outcomes

Outcome
Lower limb

21% had a
reduction in
ABPI by >0.14,
12.5%
developed CLI
and req revsc.

No report of
outcome of pts
with IC at
baseline only

Progression
of PAD

ABPI
decreased by
>0.14

Decrease in
ABI by 0.09
over 5 yrs.
No report at
12 yrs due to
loss to F/U.
Decline
faster than
non-
claudicants.

Prognostic factors
for progression of
PAD to CLI

High Triglyceride
>2.2mmoles
associated with 1.77
risk of ABI
reduction & 2.31
risk of CLI. ABPI
<0.5 associated
with 1.8 increased
risk of deterioration.
Pack yrs >50 and
younger age
associated with
deterioration.

Higher ABI =faster
decline but lower
ABI = increased
risk of Lower Limb
events

92



Walsh et
al 1991
Natural
history of
SFA
stenosis

Prospective
study

Bird et al
1999
Quantitative
and
qualitative
progression

Prospective

Prospective
cohort

Aquino et
al 2001
Natural
history
1244
claudicants

cohort study

38 patients
with IC (45
limbs)

423 with
PAD- 177
claudicants

1244 males
Veterans
Admin
Hosp-799
LL analysis

ABPI, TBPI,
peak PT flow
velocity

ABPI, PVR,
BP, DM,
Smoking status,
HTN, Ho CVD

Arteriogr
ams,
duplex

ABPI,
San
Diego
Claudicati
on
questionn
aire

ABPI
<0.9,
PVR,
Treadmill
exercise —
induced
reduction
by 0.29
ABPI

37
months
interval

(3yrs)

4.7 years

45
months

No report

72% of SFA
stenosis stable,
28%
progressed
(17% occluded
at a rate of
stenosis
progression of
12% per year).
Symptoms
progressed in
these pts also.

No report re
claudicants

10 year
cumulative
frequency of
23% 1U, 30%
rest pain

9.1%
angiographic
evidence of
progression.
Stenosis
progressed
more rapidly
when contra-
lateral SFA is
occluded.

Rose
claudication
associated
with -1.0 unit
progression
over 5 years.
ABI 0.9
decrease of
0.02 over
4.6yrs

ABI at
baseline of
<0.58
decreased by
0.014/ year,
WD -9.2
yards / year

Smoking and
Symptom
progression
predictive of SFA
stenosis
progression. SFA
occlusion is
synchronous with
symptom
progression.

Age, DM, LV PAD,
contra-lateral limb
LV PAD ass with
rapid progression

Comments-limbs
not individuals were
used. Difficult to
predict outcome per

pt.

Lower ABI <0.5,
high smoking pack
years and IDDM
increased risk of
IRP, Lower ABI
and DM increased
risk of TU
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Naschitz et
al 1988
Intermittent
Claudication
Predictors
and
Outcome

Fowkes et
al 1993
Cross-
linked
fibrin
degradation
products
(XLFDP),
progression
of PAD
and risk of
coronary
disease

Whyman
et al 1993

Retrospective
study

Prospective
cohort study

Prospective
cohort study

460 patients
referred for
vascular
surgical
consultation

617 patients
with IC

43 femoral
artery
stenosis in
38 IC
patients

Age, smoking,
medical history

Age, smoking
status, Cross-
linked fibrin,

DM

Bollinger score

ABI,
Doppler
waveform
S,
angiograp
hy, IC
distance
by
treadmill,
PVR

ABPI,
pulses

Duplex
scan
(Bollinger
score)

3.8 years

1 year

median 6
months,
max 19
months

32 died, 32 MI
(15 fatal), 4
angina

76 weeks max

43.9% imp of
symptoms,
11.9% worse
symptoms,
9.1% surgery
for limb
salvage, 44.1%
vascular
surgery needed

4.8%
developed CLI

21%
progressed to
occlusion. No

change in VR if

occlusion does
not occur

Dec by 0.15
in ABPI in
those who
deteriorate
but no report
of timing —
no data of
review
timings

ABPI
decrease by -
-0.01 per
year
expressed as
mean

Patients with
VR >3
progressed to
occlusion
within 13
weeks

ABI >0.7, no
deterioration of ABI
predicts good
outcome, ABI <
0.5(increased by 3.8
times), ABI
decrease by 0.15
increased by 1.9
times need of
eventual surgery.

Age, smoking
XLFDP associated
with deterioration in
ABPI, XLFDP
associated with 4.4
Relative risk of
coronary events

Only stenosis with
velocity ratio of >3
progressed to
occlusion within 76
weeks
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44.1.3 Haemodynamic outcomes of identified studies

e Two studies reported yearly haemodynamic decline in ABPI by 0.014 (Aquino et al.,
2001) and 0.01 (F. Fowkes et al., 1993)

¢ Another study reported an overall decline in ABPI of 0.02 or 0.013 in TBPI — not
only IC participants (Bird et al., 1999).

e Others reported that ABPI <0.58 at baseline and/or a decline by 0.15 in ABPI is
indicative of progression to critical limb ischaemia (CLI), without reporting the
temporal element (Naschitz et al., 1988).

e A faster atherosclerotic progression rate was observed in claudicants compared to
non-claudicants (Walsh et al., 1991) and a yearly 30% increase in SFA stenosis is
indicative of requirement for revascularisation.

e Smith et al (F. B. Smith et al., 2003) reported a decline after 5 years in ABPI by 0.04
in the limb with lower ABPI at baseline and a decline of 0.09 in the limb with higher
ABPL.

e Smith et al (I. Smith et al., 1996) reported a decline of 0.14 of ABPI in 21% of the
participants after 1 year of diagnosis

e  Whyman et al (Whyman et al., 1993) reported that a velocity ratio >3 was predictive
of rapid progression of disease in the femoropopliteal segment from stenosis to

occlusion.

4.4.2 Appraisal of included studies

The studies were analysed for risks of bias which could occur in observational longitudinal
studies following the PRISMA guidelines (Moher, Liberati, Tetzlaff, Altman, & Prisma Group,
2009). The Cochrane Collaboration’s tool for assessing risk of bias in included studies was
applied (Higgins et al., 2014). The Collaboration recommended the assessment and
presentation of individual domains such as selection bias (allocation concealment) and
reporting bias (survival selection) with consideration of the importance of the different domains
(empirical evidence bias, likely direction of bias and likely magnitude of bias). The use of
scores or scales is discouraged, instead an estimate of high risk, low risk or unclear risk is
recommended. The criteria to judge risk of bias according to the Cochrane Collaboration can

be found in Appendix 6.
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o Empirical evidence bias — the association between bias such as allocation
concealment or blinding and outcome

e Likely direction of bias — failure to meet criteria such as allocation concealment
associated with overestimate of effect

e Likely magnitude of bias — for example inadequate allocation concealment might
result in a large estimate of effect while how incomplete outcome data was addressed

might not substantially affect confidence in estimated effect

Table 4.4 Risk of bias in studies included in systematic review
First author Allocation Selective Incomplete Survival Summary risk of bias
concealment | recruitment outcome data selection
Naschitz (1988) | yes yes no yes high
Walsh (1991) yes yes no no high
Fowkes (1993) | yes yes no yes high
Whyman (1993) | no no yes no unclear
Bird (1999) yes yes yes yes high
Smith (1996) no yes yes yes high
Smith (2003) no yes yes yes high
Aquino (2005) |no yes no yes high

The presence or potential presence of a source of bias is indicated as “yes”. Summary risk of bias was
determined using The Cochrane Collaborationfor assessing risk of bias. Studies were rated as having high risk
of bias (i.e., “low-quality” trials) or low risk of bias (i.e., “high-quality” trials) if there was evidence for the

presence of >3 or <3 sources of bias, respectively.

4.4.2.1 Selection bias among studies

Selection bias because of inadequate allocation concealment at recruitment stage was observed
in 4 out of the 8 studies reviewed (Bird et al., 1999; F. Fowkes et al., 1993; Naschitz et al.,
1988; Walsh et al., 1991). Inadequate allocation concealment occurs when the researcher is
aware of the next treatment allocated for the patient, which may lead to selection bias in

observational studies. Participants with IC who were referred for revascularisation or who were
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severely ischaemic were excluded from these studies, resulting in the recruitment of only those
with milder disease. Subsequently the disease progression reported by a mean or percentage
decline in ABPI in these studies, does not include those with more severe PAD and results
therefore underestimate the true progression. This underestimation is sometimes exacerbated

when survival selection bias is also present, as discussed further in the following sections.

4.4.2.2 Under-reporting

The reporting of methodological detail about aspects that threaten internal validity such as
measurement precision of the tools used were often reported. Having reliable and valid
instruments is one of the best ways of reducing measurement bias in epidemiologic research.
However, reports of measurement quality due to the possibility of arterial calcification and
hence reporting were also neglected, with only 1 article (Bird et al., 1999) reporting the
possibility of artefactually elevated ABPI. While Walsh et al (Walsh et al., 1991) analysed
atherosclerotic progression using angiographic studies, other studies which used the ABPI as
a surrogate measure of peripheral perfusion, are susceptible to the hidden dangers associated
with this tool (C. Formosa et al., 2013) which were discussed in Chapter two. Individuals with
conditions such as Diabetes, smoking and renal disease in whom ABPI measurement may be
unreliable, are known to be at a higher risk of deterioration of PAD. Using ABPI in this cohort
of patients to determine deterioration in PAD is likely to significantly underestimate their
deterioration. (Bundo et al., 2013; S. M. Conte & Vale, 2018). In these patients, the ABPI needs
to be interpreted with caution since results may be artefactually elevated due to non-closure or
delayed closure of the artery when the cuff is inflated. In such cases the TBPI is recommended
since the digital arteries of the foot are less susceptible to arterial calcification (S. M. Conte &
Vale, 2018). However, among the studies included in this systematic review, only 1 study (Bird
et al., 1999) reported TBPI readings while another 5 studies (Aquino et al., 2001; F. Fowkes et
al., 1993; Naschitz et al., 1988; F. B. Smith et al., 2003; I. Smith et al., 1996) did not discuss
the possibility of artefactually elevated results potentially resulting in an underestimation of

the true decline of ABPI in their results (V. Aboyans et al., 2006).

Aspects of recruitment, particularly the proportion of sampled subjects meeting the eligibility
criteria and then consenting to participate, were poorly reported. In addition, the reasons that
people did not consent, and comparisons of consenters with non-consenters in terms of baseline

demographic or clinical features, were also scarcely reported. Only one study (Bird et al., 1999)
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which had approximately 50% non-responders, attempted to address this bias threat by
comparing a sample of non-consenters with the recruited participants. None of the other studies
included in this review reported details regarding non-consenters or those who dropped out
from the study, even though some authors declared between 29% to 64% of attrition rate or
non-consenters. These aspects of selection bias are potentially important because if consenters
differ from non-consenters, the study findings may be skewed (Dunn et al., 2004). The authors
recommend that researchers plan a priori their sample sizes to account for potential losses and

consider the biases likely to be associated with non-consent and dropout.

Although the numbers of participants at each stage of the studies were reported in all the
articles, accounting for loss to follow-up and missing data, items in the analyses were rarely
stated. In longitudinal studies, participants can be lost to follow-up over the years, resulting in
missing data as shown in Smith et al (Smith et al., 2003) where the data after 12 years was not
reported due to a high attrition rate. Data missing not at random can be a source of bias affecting
internal validity (Perkins et al., 2017) and may influence estimates of disease progression or
incidence of adverse events. In observational studies, missing data can either be accounted for
statistically using imputation, weighting or sensitivity analyses or the authors may postulate
the likely impact of the missing data on the results (Higgins et al., 2014; Tooth et al., 2005).
Although debate exists about the benefits of using complex statistical imputation techniques to
treat missing data, it is recommended that at least the pattern or the potential impact that the

missing data may have on the final estimates should be determined (Sterne et al., 2009).

4.4.2.3 Survival selection bias

Survival selection bias was evident in 6 studies (Aquino et al., 2001; Bird et al., 1999; F.
Fowkes et al., 1993; Naschitz et al., 1988; F. B. Smith et al., 2003; I. Smith et al., 1996) out of
the 8 studies reviewed. This occurred when authors excluded participants who required
revascularisation during the course of the study or who died by the end of the study. In the
context of evaluating the natural history of PAD in IC patients, survival selection bias,
sometimes referred to as selective reporting, often results in the underestimation of the true
progression of the disease since those who most likely progressed rapidly were excluded from
the analysis. Among the reviewed studies, this source of bias was often coupled with selection
bias at recruitment stage, as discussed earlier, which may have exacerbated the possibility of

underestimation of the progression of PAD in this group of patients.
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4.5 Discussion

This systematic review is the first to evaluate the progression rate of PAD in individuals with
IC. The studies assessed in this systematic review have shown variable reporting of some of
the major threats to the internal and external validity of observational longitudinal studies
(Tooth et al., 2005). Selection bias due to inadequate allocation concealment, limited reporting
of methodological detail in some studies, incomplete information related to attrition or non-
consent and survival selection bias were the most common sources of bias observed in these
studies. Therefore, this review has shown that the existing knowledge is limited to a small
number of studies providing mostly low-quality evidence related to measurable haemodynamic
progression rate in patients with IC. Consequently, there is insufficient evidence to draw
conclusions and accurately predict progression and prognosis of the individual patient
presenting with IC. Since a reliable definition of the natural history of IC is required to evaluate
the need for early or prophylactic revascularisation (Muluk et al., 2001), this is an important
finding as it highlights the need for more rigorous trials of patient characteristics and PAD

progression rate in this population.

While longitudinal observational studies are considered as the most suitable methodology to
evaluate the natural history of a disease, poor design and reporting can introduce bias and
reduce the robustness of data (N. J. Perkins et al., 2017; Tooth et al., 2005). Data from the
reviewed studies have generally agreed on an overall decline in ABPI by 0.01 to 0.02 over 1
year (Aquino et al., 2001; Bird et al., 1999; F. Fowkes et al., 1993) and a decline of 0.15 in
severe cases of PAD (Naschitz et al., 1988). However, these results are probably an
underestimation of the true overall deterioration in this population. A faster progression rate
was reported in another study, stating a decrease of 0.14 in ABPI in 21% of the cohort within
the first year (I. Smith et al., 1996). Similarly, Whyman et al (Whyman et al., 1993) reported

rapid deterioration in 21% of their cohort who had more severe disease at baseline.

Despite ongoing efforts in research in this population, the prognosis and progression of arterial
disease is still not clear due to the diverse methods of assessment utilised in these studies. There
are no well established criteria which allow the clinician to predict outcomes in an individual
patient (Muluk et al., 2001; Conte et al., 2019). This finding highlights the need for further
insight into the progression rate of PAD in individuals with IC because there is a lack of explicit

criteria in decision-making due to a lack of high quality evidence.
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4.5.1 Potential limitations

In this review it was not possible to perform meta analysis due to the high degree of
heterogeneity in clinical methods, primarily variations in haemodynamic measurement

protocol and settings across the studies.

Efforts to reduce the researcher’s reporting bias were made by following the PRISMA checklist
as a methodological approach, searching grey literature and by including two independent

researchers in the reviewing process.

This review offers evidence only of hemodynamic measures and omits other clinical questions
such as quality of life or functional improvement. These questions also deserve further

investigation.

4.6 Conclusion

This review highlights existing inconsistencies and a paucity of scientific evidence related to
the temporal progression of PAD in patients with IC. Despite the assumed benign prognosis of
the condition, the progression of PAD in this group of patients is still not clear in published
literature. There is a distinct lack of high quality evidence which helps estimate the prognosis
of the individual patient, lacking support for clinical decision making in the selecting the best
management approach for the patient with IC. More evidence is needed to be able, to not only
identify who will deteriorate to CLI, but also to distinguish those who will deteriorate more
rapidly than others and possibly predict the time interval until development of CLI. Results
from this systematic review have emphasized the need for further investigation into the
progression and outcomes of patients with IC in terms of haemodynamics and lower limb

events.

These considerations have led to the inception of this research and form the basis of this work.
Establishing the lower limb prognosis of patients with intermittent claudication could help in
the early identification of those patients who are more likely to deteriorate. This would in turn
allow physicians to help patients make a better informed clinical decision on treatment

selection, potentially early intervention.
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4.7 Study 2 - Referral patterns and diagnostic criteria in patients with IC:

a retrospective study

During the initial phase of this research, in order to determine the scale of the problem and
feasibility for conducting the main study, the annual incidence rate of patients with IC referred
for revascularisation at the national vascular unit and the service pathways employed were
explored through a retrospective study of referral pathways in Malta (Study 2). This study
draws on retrospective data from electronic databases within the Vascular unit in the general
hospital to determine the incidence of the potential participant population for the planned
research while also illustrating the clinical referral pathways employed for specialist

intervention.

4.8 Introduction

In the initial phase of this research, knowledge of the incidence of patients with IC referred to
the vascular clinic and also of the clinical pathways utilized by these patients to access
specialist care was important in order to obtain a realistic view of the impact of this condition
on the Maltese healthcare system and to help define the potential development and sample size
of the main study. There were no published data relating to patients with IC in Malta and there
was no published information or register related to the incidence rate of referrals for IC. At this
stage of the research it was important to determine the approximate number of patients with IC
referred for specialist intervention in Malta and also to further understand the care pathways
and diagnostic processes applied during clinical practice. A scoping study, was therefore
undertaken at the vascular unit where the main study was planned to be conducted. The
vascular unit is located within the only general hospital in Malta which is run by two vascular

surgeons and one lead vascular surgeon.

4.9 The aims and objectives of the study

The aim of this scoping study was to determine the annual number of patients with intermittent
claudication due to PAD referred for specialist intervention. The second aim was to assess

clinical pathways of referral employed for patients with IC who are referred for potential

specialist intervention. This included the profession of the referrer, the diagnostic processes
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involved prior to referral, location where participants were referred from and approximate

waiting time from referral to specialist appointment.

4.9.1 Objectives of Study Two

The objectives of the scoping study were:

e To determine the annual number of patients referred to the vascular unit due to IC, with

a diagnosis of PAD as the cause of the symptoms as defined by the vascular surgeon.

e To describe the clinical pathways employed by participants who are referred to the

vascular unit by GPs or other medical practitioners.

e To describe the clinical pathways employed by participants who are referred to the

vascular unit by podiatrists.

4.10 Location of the study

The study took place in the vascular unit within the national hospital in Malta. This is the only
outpatient vascular unit on the island where patients with arterial disease are referred to be seen
by a vascular surgeon for further assessment and potential revascularisation. Referrals are sent
in the vast majority by general practitioners from all the primary care clinics and also by
podiatrists working in primary care. Since the vascular unit is the only vascular clinic in Malta,
data gathered incorporated all referrals from the primary care sector referred for potential

revascularisation.

4.11 Methodology

This study utilized a service evaluation approach which is designed to describe the current care
employed by a specified service without comparing it to a standard (Moule et al., 2016). This
method assesses the service delivery by the healthcare professional, practiced according to their
professional standards, guidance or preference, providing an evaluation of health practices of

interest in real clinical settings. A service evaluation is specifically designed around the context
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of interest and data generated cannot be generalized. However, they can be powerful in
providing evidence for the need of improvement in specified aspects of the service (Moule et
al., 2016). Analysis of existing data is the common approach of a service evaluation study and
does not require randomization. Other methods, such as a clinical audit approach, could not
be employed for this scoping study since such a study design would require the comparison of
the service to a predetermined standard of service (Bowling, 2014) which is not clearly defined

for patients with IC.

Therefore, retrospective analysis of existing data was employed by assessing anonymized
records in the clinical database of patients attending the vascular unit. All the patients attending
the vascular unit at the hospital are registered with a unique registration number in the database
which is run and managed by the lead vascular consultant. The reason for referral, clinical

diagnosis, source of referral and management are also recorded in this database.

4.12 Methods

The data from 28" March, 2015 to 28" March, 2016 was analysed and participants were
divided according to reason for referral and clinical diagnosis. This data was recorded on a
separate excel sheet. The main focus of the service evaluation study included: reason for patient
referral, referral date and waiting time for specialist appointment, profession of referrer and
clinical diagnosis by vascular surgeon. To reflect realistic recruitment rates for the main study,
study-specific inclusion criteria for the main study were taken into consideration when
recording data for IC as the clinical diagnosis, meaning that, IC due to PAD and IC due to other
possible medical problems such as neurological IC, were specified. Other data such as gender

and medical status were also recorded.

The study population included all records on the vascular database in the previous year from
the time of this scoping study. Previous timelines were not chosen since the clinical picture
closest to this research was of interest to the author and also because a third vascular surgeon
had been employed with the vascular unit at the end of 2014, therefore records previous to that

date may not have reflected the current service practice.

The data was retrieved from an anonymized version of the database available at the vascular

unit in the national hospital
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4.12.1 Inclusion and exclusion criteria

Inclusion criteria

All anonymized patient records registered in the database were included.

Exclusion criteria

Patient records which were incomplete were excluded.

4.12.2 Data collection

The database used at the vascular unit is kept on an Access sheet and specific codes for different
diagnoses are used. For data collection, filters for each code were applied in order to identify
the participants for each diagnosis and record the information of interest. This data was in turn

recorded on a separate excel sheet by the author to enable data analysis.

4.12.3 Data analysis

The IBM statistical Package for Social Sciences (SPSS) version 26.0 for Mac (SPSS inc, NY,
USA) was used for statistical analysis. The data are presented in numbers and percentages. The
data was also discussed with the lead vascular surgeon to ensure understanding of the coding

process and reduce risk of errors.

4.13 Results

4.13.1 Number of participants with IC per year

Eight hundred and sixty-nine participant records were retrieved from the database as ‘all
patients seen during 1 year’. Out of these, 3 had ‘null’ for diagnosis and were therefore

excluded, leaving 866 records for analysis.

The majority of the participants referred to the vascular unit were due to venous related
problems (n=292), followed by 192 participants who were reported to have ‘other’ diagnoses,
meaning that these patients did not have any vascular problems and were erroneously referred
to the vascular unit. Figure 4.2 illustrates the distribution of different patient diagnoses as

reported by the vascular surgeon.
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Distribution of Patient Diagnoses n=866

Other

Venous related
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Figure 4.2 Diagnoses of participants referred to the vascular unit in 1 year

In total there were 424 participants who had been referred due to symptoms related to PAD.
Out of these, 165 were diagnosed with CLI (rest pain, ulceration or gangrene), 67 were new
cases diagnosed with IC due to PAD and 192 (listed as ‘other’) had been referred due to
symptoms of IC but when assessed by the vascular surgeon, the cause of their symptoms was
unrelated since they had normal peripheral perfusion. All the incorrectly referred participants

had been referred by GPs in primary care.

Referrals

Reason for referral

Diagnosis and referee .

Figure 4.3 Referrals due to peripheral arterial disease (TVU-tissue viability unit)
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Among the participants with IC (n=67) 58 were men and 9 were women. The risk factors
reported in this database were diabetes, smoking and hypertension. Thirty-seven (55% of the
participants with IC) had diabetes out of whom 16 also smoked. The rest were smokers (n=30)

without diabetes. A large majority (72%) of the participants with IC had hypertension.

A total of 165 patients were referred due to symptoms of critical limb ischaemia, with
ulceration, acute ischaemia, gangrene or rest pain. All these were correctly referred and the

majority (n=105) were reviews booked by the staff at the vascular unit themselves (figure 4.3).
4.13.2 Referral pathways for participants with IC

The referrals identified in the service evaluation demonstrate that the participants with IC

accessed the vascular surgeon for specialist assessment through two care pathways which are

detailed in the following sections. The diagrammatic illustration (Figure 4.4) describes the

service pathways used by the participants identified in this study.

Normal waveforms

referred back to
GP to consider Mild PAD
other aetiology

Appointment given 18

Podiatry to 24 months

routine clinic

Doppler

waveform
analysis Abnormal RefE‘l/’ red to
vascular unit.
Haveomn Triage and Moderate PAD

appal:ntment Appointment within
given approx 2 months
immediately

Podiatry vascular
clinic for ABPI, TBPI,
Doppler (2 weeks)

Patient with IC -
self referral
Severe PAD appointment
given within 1-3 weeks

Triage at
GP at vascular unit
Referred to
Primary care f within 1 week of
clinic receipt of referral
form

Out patient appointment
given for assessment by
vascular surgeon (18 to

24 months)

vascular unit

Figure 4.4 Service pathways for patients with IC

When participants sought medical help from the GP, referral routes often varied according to

the preference of the GP. Most commonly, the patients were referred directly to the vascular
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surgery department (vascular unit) in the local general hospital. Only two participants were

referred by the GP to the Podiatry vascular clinic for further assessment.

4.13.2.1 Referral pathway through general practitioner

Participants complaining of IC who attended primary care GP clinics, were in the vast majority
referred directly to the vascular surgeon for further assessment and consideration of
revascularisation. However, referral by GPs was generally done without haemodynamic
analysis (assessment of Doppler waveforms or ankle / toe —brachial pressure indices) except
for possibly clinical pulse palpation. This was noted in the surgeon’s notes in the database and
was also evident in the referral notes sent by GPs as shown in the samples shown in figures
4.5a and 4.5b which have been retrieved during the data collection in study 3, where a lack of
haemodynamic information in referrals by GPs sent to the vascular surgery unit is
demonstrated. Due to the lack of information and the assumed benign prognosis of IC (as
discussed in Chapter 2), those who were referred directly to the hospital were often given the
first available free slot which is between 18 to 24 months, unless specified in the referral form
as ‘urgent’. Cases with tissue loss or rest pain were referred either to the Accident and
emergency department in the hospital where they were assessed by the vascular surgeon on
call and given an urgent appointment or were noted as urgent on the referral note. Urgent

referrals are seen at the vascular clinic within 2 weeks.
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4.13.2.2 Referral pathway through the podiatry service in primary care

A different approach to diagnosis and referral pathway was employed by the podiatry service.
The author is familiar with this process through personal clinical experience working in this
department. The participants with IC who sought help from the podiatrists working at the
routine clinics were assessed using Doppler waveform analysis. Participants with abnormal
waveforms were referred to the Podiatry vascular assessment clinic within Primary healthcare
department where haemodynamic analysis through non-invasive diagnostic tests were
employed to confirm diagnosis. Doppler waveform assessment, ankle-brachial pressure index,
toe-brachial pressure index and absolute toe pressures were performed to help confirm the

diagnosis and differentiate from other causes of IC.

In those patients where PAD was confirmed, direct referral to the vascular surgeon at the
general hospital was undertaken including the Doppler and ankle/ toe pressure reports which
help the triaging of patients and determine the waiting time to be seen at the local hospital.
Referral was made by the podiatrist leading the vascular clinic (the author) through email
directly to the leading vascular surgeon in the vascular unit at the hospital. Figure 4.6 is a
sample of such referrals. The participants were triaged by the vascular surgeon and a timely
appointment was provided. Depending on the severity of PAD as determined in the referral
note, these participants were seen by the vascular surgeon within a reasonable time ranging
from a week to a few months. In the podiatry vascular clinic, those participants who were found
not to be taking risk factor control therapy such as statins, antiplatelet or antihypertensive
treatment as recommended in treatment guidelines (Gerhard-Herman et al., 2017), were also

referred to the GP for the prescription of the required medication.
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Dear Prof....... R

can I please refer the patient below due to mono-continuous
waveforms and very low pressures on his Left LL? He also
complains of IC in his Left calf after just 5 mins. I also referred
him for antiplatelet therapy to his GP.
Name:
ID
PMH- Hypertension, dyslipidaemia
Symptoms - IC L calf after 5 mins of walking

Medication - simvastatin, amlodipine

Doppler waveforms Right Biphasic PT and DP
Left Mono-cont PT and DP

ABPI Right 1.05 Left 0.47

TBPI Right 1.01 Left 0.33

Figure 4.6 Sample of referral by the podiatrist

4.14 Discussion

The management of IC is reported to be challenging for health practitioners due to the diversity
of outcomes among patients presenting with this symptom of PAD (Jaff et al., 2015). This
scoping study has shown that the first encounter of the patient with IC is generally a GP or a
Podiatrist within the primary health sector. However, results demonstrate that the outcome of
the referral process greatly depends on the health provider. This study has provided insight into
the referral processes employed in the health service in Malta and provided some data related
to the annual number of patients referred and diagnosed with IC, revealing possible lacunae in
the health system related to this group of patients. A number of concerns have emerged
following this study, highlighting areas for clinical recommendations prior to the recruitment

for the main study.

4.14.2 Annual number of referred patients with IC

The scoping study showed that over a period of 12 months, the number of patients referred to

the vascular surgeon in the national hospital who were diagnosed to have IC due to PAD was
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67. This number was distinctly smaller than what was anticipated, clearly exposing several

issues which could have been of concern during the recruitment phase of the research.

It was expected that the number of patients referred due to IC would be higher than 67 due to
a number of reasons. The literature reports that (Ouriel, 2001) the incidence of IC ranges
between 8.8% to 20% among the population aged 65 and over. In Malta there are approximately
80,000 (Podesta et al., 2019) people in this age group, meaning that possibly 7000 (8.8%) to
16,000 (20%) people suffer from IC, numbers which are clearly not reflected in the results of
the scoping study. However, this estimation is based on published literature from other
countries and not from data on the Maltese population. With an estimated prevalence of >10%
of people living with diabetes, high obesity rates and high smoking rates among the Maltese
population (Cuschieri, 2020) (total population in Malta is approx. 514,564 (NSO Malta, 2020)),
the number of patients presenting with IC who would seek medical advice per year was
expected to be much higher than that found in the scoping study, and that the numbers
demonstrated may not reflect the yearly incidence of IC amongst the Maltese population.
Currently there is no data in Malta documenting the incidence of IC since there are no well-
woman or well-man clinics for regular health visits from which such data could be gathered,
instead patients seek medical help only when problems arise. Although it cannot be ascertained
from this study, the reasons for the low number of referrals could be:

1) The actual incidence/ prevalence of the condition is indeed low but this is highly unlikely
considering the prevalence of the risk factors in this population.

i1) there is a proportion of patients living with IC who are not being referred to the vascular
unit either because diagnosis is missed or due to patient / practitioner preference

ii1) there is a proportion of patients with IC who do not seek medical help

The low number of referrals of patients with IC yielded in the scoping study elicited important
issues which needed to be addressed before embarking onto the main study, while the high

proportion of incorrect referrals suggested that improvements in the system are required.

4.14.2 Participant demographics

Among the participants referred from primary care clinics with IC due to PAD, the ratio of
male: female was approximately 5:1. This is congruent with published reports in the literature,

stating that the progression from asymptomatic to symptomatic PAD has a prolonged latent
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phase in women and that women are less likely to report physical symptoms than men
(Schramm & Rochon, 2018). The previously held view that oestrogen confers a protective
effect against atherosclerotic disease (Westendorp et al., 2000) as a reason for the lower number
of women reporting IC, has been discredited in large randomized trials which demonstrated
that hormone replacement therapy did not demonstrate any benefits in decreasing events related
to PAD in post-menopausal women (Grady et al., 2002; Writing Group for the Women's Health

Initiative Investigators, 2002).

This scoping study has shown that all the participants with a confirmed diagnosis of IC due to
PAD had either diabetes or smoking (or both) as a risk factor. This is also in agreement with
published literature where tobacco smoke and diabetes are declared as main risk factors for the
development of IC (Criqui & Aboyans, 2015; Kalbaugh et al., 2018) as discussed in detail in
Chapter 2.

4.14.3 Incorrect referrals

This service evaluation study has shown that 45.2% of participants referred due to symptoms
of PAD were incorrectly referred by GPs in primary care clinics. The samples of referral notes
presented in this chapter (but retrieved during data collection in Study 3) give an indication of
the reason behind this shortcoming in the system, where no haemodynamic assessments
(Doppler waveform analysis, ABPI or TBPI) were performed in order to confirm that the cause
of the symptoms is actually PAD. This practice resulted in detrimental consequences for
patients, primarily delay in treatment in those who had severe PAD and also inefficient use of

the service in those who did not have PAD as a source of their symptoms.

Firstly, this study has highlighted that GPs were limited in their ability to accurately diagnose
PAD in patients with IC. Although the reasons were not investigated in this study this could
possibly occur due to lack of equipment (Doppler), time constraints, inadequate training,
limited exposure to vascular disease in the underguaduate program (AlHamzah et al., 2019) or
personal interest (Sommers & Launer, 2014). The poorly completed referrals by GPs to the
vascular unit was also identified in a previous study (Chetcuti et al., 2009). Consequently, due
to the lack of information regarding the severity of the disease provided in the referral notes,
most patients were given the first available appointment within 18 to 24 months at the vascular

clinic. While IC is defined as having a generally benign prognosis (Jaff et al., 2015), in some
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cases deterioration may occur rapidly and 18 to 24 months may be too long. As witnessed first
hand during clinical hours, this delay may result in patients presenting with worse symptoms
or CLTTI at the primary care clinics even before their appointment with the vascular surgeon.
These patients, once they have deteriorated to CLTI, are then generally referred for urgent
treatment, with increased risk of morbidity and mortality due to the worse status of the disease
(Anand et al., 2018). This practice is reflected in the higher number of participants referred due
to CLI (n=165) compared to the number of IC (n=67) demonstrated in this evaluation study.
Future investigations of the reason why GPs do not refer the patients to the podiatry vascular

clinic may be beneficial in this context.

Secondly, those patients who were incorrectly referred, meaning patients who were found to
have normal peripheral perfusion by the vascular surgeon, had waited 18 to 24 months only to
be referred back to the GP for consideration of an alternative diagnosis such as spinal stenosis.

This practice therefore caused delay in their diagnosis and management of their condition.

Thirdly, outpatient appointments with the vascular surgeon are limited as evidenced by the
long wait of 18 to 24 months for the first available appointment in this service evaluation study.
Incorrect appointments occupy important slots for those who really need them, leading to
delayed treatment for patients who have PAD. Following personal discussion of the results of

this service evaluation with the lead vascular surgeon the following comment was reported:

‘The large proportion of inappropriate referrals to the vascular clinic is itself one of
the reasons for the significant delay between referral and allocation of a vascular clinic
appointment. The referral of patients to the vascular clinic when no such referral is
warranted constitutes an opportunity cost as such patients who do not merit a vascular
appointment take up precious time and appointment slots at the single national vascular
clinic in the country. In the vast majority of cases referred to the vascular clinic, not
only have no physiological tests been performed by the referring doctor but neither has
a basic clinical examination of the pulses been performed. In many such cases the
peripheral pulses were strong and easily palpable and a cursory clinical examination
would have been sufficient to elicit in the clinician’s mind the possibility of alternative
diagnoses’.

(Lead vascular surgeon, Mater Dei Hospital, April, 2016)
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4.14.4 Recommendations on clinical practice

This scoping study explored the current referral pathways used in the Maltese health system

by patients with IC and provided some insight into the characteristics of this population.

Results from this study revealed possible issues within the clinical diagnostic and referral

processes which may benefit from improvement. Results demonstrate a clear and vital need for

an increase in awareness of the burden of IC on the patient and the consequences associated

with lack of haemodynamic assessment prior to referral. The results of this service evaluation

study were discussed with the lead vascular surgeon and some changes were agreed upon and

implemented immediately.

A personal communication with Primary care GPs was undertaken indicating the
importance of referral of patients complaining with claudication symptoms. This was
done because of the low number of annual referrals suggesting that many patients were

not being referred for assessment.

A ‘Claudication clinic’ was set up within the podiatry vascular clinic. The scope of
this clinic was to receive referrals from GPs and other care providers involved with the
management of patients with IC for assessment by haemodynamic analysis (Doppler
waveform analysis, ABPI and TBPI). This would ensure the diagnosis of PAD as a
cause of the symptoms, enhancing a more efficient approach to treatment and referral
pathway. Awareness among primary care GPs and the importance of the diagnosis of
PAD in patients with IC was provided via personal communication and later through
communication in the biennial Primary Care conference (November 2016, Malta),
which is strongly attended by GPs working in the sector. The author was an invited
speaker at the conference and the results of this service evaluation study were presented
together with the awareness of the new Claudication clinic. General practitioners were
informed about the haemodynamic analysis performed at the podiatry vascular clinic
to encourage referrals to this clinic. In view of the predicted increase in referrals to the
claudication clinic, a team of two other podiatrists was set up. Training was provided
via a one year course at the University of Malta (entitled Vascular assessment of the
lower extremities) which includes theory and practical sessions taught by the author,

the lead vascular surgeon and other experts in the field. This clinic was set up with the
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aim to reduce the number of incorrect referrals to the vascular unit at the hospital and
improve the efficiency of the service for this population by implementing a fast-track
referral pathway for patients who are found to have severe PAD. This was enabled
through the full support from the management of the podiatry department, the
management of the primary care department (Malta) and the lead vascular surgeon

within the general hospital.

e A new system was set up where patients with IC who are managed conservatively were
enrolled into a monitoring program and followed at the podiatry vascular clinic.
Patients are given follow-up appointments at the podiatry vascular clinic including
those referred to the vascular unit at the hospital. A recall system of patients was
implemented to reduce the likelihood of patients missing their review appointment

since in some cases this was more than 6 months after their previous visit.

The recommendations addressed several issues which were identified through this scoping

study. These included:

e Referrals of patients with IC to the vascular unit increased, subsequently potentially
improving recruitment rate for the main study of the main study.

e Training and enhanced knowledge was achieved among clinicians involved in the
management of patients with IC, leading to an improved clinical pathway for this group
of patients.

e Potential reduction of incorrect referrals to the vascular unit within the hospital
ensuring a more efficient service.

e FEarly detection of deterioration among patients who are managed conservatively was

achieved through haemodynamic monitoring at the new claudication clinic.
4.15 Conclusions
This scoping study has provided preliminary figures of number of participants with IC referred
from primary care to the vascular surgeon within the local general hospital. It has provided

insight into the referral pathways employed for the patient with IC and highlighted concerns

within this field which promoted beneficial changes in clinical practice. The changes in practice
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increased the likelihood that patients with IC attending the primary care sector are referred to
the vascular unit in the general hospital or to the podiatry vascular clinic for haemodynamic
analysis to confirm the presence of PAD. Apart from improving the care for this group of
patients, these changes addressed the potential barriers which may have hindered the
recruitment process for this research and facilitated the author’s access to the patients with IC

attending primary care in Malta.

The results of this service evaluation study have also brought to light that, the current lack of
an appropriate registry of patients with IC in Malta makes it difficult to establish the outcomes
of these patients. This therefore emphasized the need for a Prospective registry of patients with
IC in Malta which would be followed by a prospective follow-up of patients in order to
determine firstly, the baseline characteristics of patients with IC and secondly the outcomes of

these patients over a defined period of time.
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CHAPTER FIVE

Methodological approach for prospective studies (Studies 3 and 4)

5.1 Introduction

This chapter presents the general methodological approach employed for the data collection of
Study 3 and Study 4 presented in this thesis. It describes the site, equipment and measurement
protocols applied for the variables measured and recorded. Justification and definitions for each

variable are also presented in this chapter.

As discussed in detail in Chapter 3, the methodology chosen for the prospective main study
entailed a quantitative approach to data collection procedures within a critical realist
philosophical perspective. As stated in Chapter 2 (section 2.9) the study explored the possibility
of identifying IC patients at risk of deterioration within a clinical setting to be able to adapt
management plans accordingly. Therefore, all data collection was employed within a real
clinical scenario, avoiding laboratory settings in an attempt to capture data close to what is

normally recorded during routine clinical sessions.
5.2 Methods

A strict defined protocol for data collection was used to ensure consistency throughout the
process. All measurements were performed by the researcher in the same room and using the

same equipment.

5.2.1 Study design

As discussed in detail in Chapter Three, an observational prospective cohort study of patients
presenting with IC was employed. The results obtained in study 3 (cross-sectional
observational prospective cohort study) comprised the baseline data for the main study (Study
4) which followed. Therefore, the study design for study 4 was a longitudinal prospective

cohort observational design.
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53 Study site

The site where data collection was undertaken was within a primary care podiatry clinic and
therefore conformed to an up-to-standard level of patient safety which is periodically verified
by the department Health and Safety officer. All the necessary equipment was located within
this clinic to minimise the need for transport of patients. The clinic is centrally located on the

island and is easily accessible both by public and private transport.

5.4 Ethical considerations

Ethical approval was sought and granted (Ethics registration FHS 005/2016, Appendix 1) by
the University Research Ethics Committee (University of Malta) as detailed in Chapter Three,
section 3.6. The study conforms to the highest standards of ethics for studies conducted on
human subjects as declared by the Helsinki Declaration (General Assembly of the World
Medical Association, 2014) in terms of recruitment, consent to participate and safety protocols

(Chapter 3, section 3.9).

5.5 Study population

The study population comprised of all new cases referred to the to the vascular surgery unit in
the local hospital over a period of 1 year (July 2016 to July 2017) with IC as the reason for
referral. Only new cases were considered as potential participants. Patients who had any
previous appointment at the vascular unit registered in the hospital appointment system were
not included. All referrals both from the private and primary health sector within the Maltese

health care system, by GPs and other health care professionals were considered for inclusion.

5.5.1 Sample size

An estimate of an adequate sample size to detect the effects hypothesised in the study was
required. This was estimated by a power calculation which determined the minimum number
of participants needed to be able to detect the true relationships between variables (Tooth et
al., 2005), i.e. statistical power. Such a calculation takes into consideration the pre-determined
probability of false positive (type I errors) and false negative (type Il errors) associations. The

incidence of the studied event (in the case of this research, CLI) occurring in the general
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population and in the study population were required to be able to conduct a power calculation.
Since no local data was available, these parameters were derived from published literature.
e The incidence of lower limb events 0.18% among the general population
(Baser et al., 2013)
e The incidence of lower limb events among patients with IC is 3% (V.

Aboyans et al., 2018)

The following power calculation was applied using the identified parameters where

p° = proportion (incidence) of population
p! = proportion (incidence) of study group
N = sample size for study group

a = probability of type I error (0.05) false positive
B = probability of type II error (0.2) false negative
z = critical Z value for a given a or

2
P19
PoC]o{Zl—a/z + 21-p Podo }

N = 2

(1 = po)
q0 = 1= po
q1=1-p

2
0.03x0.97
0.0018 0.9982{ 1.96 +0.84, /7 005057 }
N =
(0.03 — 0.0018)2

N =65

The required number of participants with IC required for adequate statistical power to detect

the effects hypothesised in the study was found to be N=65.

5.5.2 Recruitment
When identifying the study location from where the patients could potentially be recruited for
the study, efforts were made to increase the likelihood that there was an appropriate population

representation from all over the island and all district primary care clinics. Since in Malta there

is only one vascular surgery unit, which is located in the national hospital, all referrals of
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patients with IC from the district clinics are sent to this unit. Following Study 2, communication
with district clinic GPs was implemented to encourage that all patients complaining of IC were
referred. Hence permissions were sought to recruit patients from the vascular unit through the
referrals received from all the district clinics. Enrolment commenced in July 2016 and was
completed in July 2017, inviting all patients referred to the vascular unit with ‘intermittent

claudication’ as the reason for referral, to take part in the study.

All consecutive referral forms received by the officer in charge at the vascular surgery unit,
which had ‘Intermittent claudication’ or ‘IC’ in the ‘reason for referral’ section, were
forwarded by the intermediary as a scanned copy to the researcher. The potential participants
were contacted by phone to inform them verbally about the study and that they will be receiving
an information sheet (Appendix 7) which they were invited to read. They were also informed
that they will be sent an appointment by post or by phone within 2 weeks to attend for
haemodynamic analysis, should they wish to participate. As instructed in the information sheet,
they were assured that participation was voluntary and refusal or withdrawal would not
interfere with their medical care in any way. Within 2 weeks, the potential participants were
given an appointment to attend the health centre where the data collection was taking place,
for haemodynamic analysis and the required baseline data. Due to known effects on peripheral
vascular assessment results, all potential participants were asked to refrain from exercising,
smoking or drinking caffeine for at least one hour prior to their appointment (Jones & Hall,
2004). Only participants who satisfied the inclusion and exclusion criteria were enrolled for

the study.

5.5.3 Inclusion and exclusion criteria

Inclusion Criteria

e All patients who were referred for the first time to the vascular surgery unit due to IC
and who had PAD.

0 PAD was defined as either abnormal waveforms (not triphasic (Shaalan et al.,
2003)), ABPI <0.9 or TBPI <0.7 (Rooke et al., 2012) in the symptomatic limb
/ limbs (Bevan & White Solaru, 2020; Norgren et al., 2007). PAD was also
confirmed following Duplex scan by the vascular surgeon (Bevan & White

Solaru, 2020).
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0 IC was defined as cramping, discomfort, fatigue or aching occurring in the
calves, thighs or buttocks, which is reproducibly produced due to exercise-
induced ischaemia and is relieved by rest within ten minutes (Moyer & U.S.
Preventive Services Task Force, 2013) as reported by the patient in the Walking
Impairment Questionnaire (Myers, Johanning, Stergiou, Lynch, Longo, &
Pipinos, 2008).

Patients who had either bilateral or unilateral symptoms according to Fontaine
classification Ila and IIb were included, equivalent to Rutherford classification grade I,

categories 1-3 (Hardman et al., 2014).

Exclusion Criteria

Patients who were referred due to symptoms of IC but who did not have PAD.
Patients who experienced pain or discomfort in the calf/ thigh or buttocks which is not
elicited by exercise and relieved by rest, for example pain experienced at rest or pain
relieved by exercise.

Patients who have been previously diagnosed with spinal stenosis or arthritis as a cause
of their pain as reported in the patient medical notes and /or national database following
previous orthopaedic specialist assessment and diagnosis

Patients who had CLTI defined as rest pain, active ulceration, tissue loss or absolute
toe pressure <30mmHg (Constans et al., 2018) or Rutherford Grades 2 to 3 (Hardman
et al., 2014).

Patients who underwent previous lower limb revascularisation.

Patients who had a previous appointment with a vascular surgeon and have been
previously diagnosed with IC due to PAD.

Patients with contraindications to cuff placement for ankle, toe or brachial pressure
measurements including active digital ulcerations, active leg ulceration, lymphedema,
history of deep vein thrombosis, patients with arteriovenous fistula in both arms and

patients with vasospastic disorders.

Participants who fulfilled the inclusion and exclusion criteria were recruited and the

haemodynamic report was sent to the vascular unit. Recruitment prior to the appointment with

the vascular surgeon was important to minimize bias by allocation concealment (J. Higgins et

al., 2011; Mizzi et al., 2019).
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5.6 Data collection procedures

At their appointment, the potential participants were asked to sign the consent form provided
(Appendix 8) and the procedure was verbally explained to them while also answering any
queries. It was explained that, on consent, they will be enrolled in the study only if they fulfilled
the inclusion criteria which were verified after haemodynamic analysis and a detailed medical
history. Potential participants were asked to bring the list of medications taken and any medical
discharge notes from previous hospital appointments. Following recruitment, the
haemodynamic reports were sent to the lead vascular surgeon and the participants were given
an appointment for duplex scanning within 4-6 weeks together with an immediate booking for

blood tests as indicated in section 5.7.

5.6.1 Participant demographics

Participant demographics collected for the study included those identified as risk factors in
Chapter Two.
e Age — determined by date of birth
e BMI — determined by dividing the weight by the square of the height of the
participant. Height and weight were measured using a medical digital height and

weight scales.
5.6.2  Haemodynamic analysis
Haemodynamic analysis included Doppler waveform analysis, ABPI and TBPI measurement.
The measurements were recorded for both limbs even in cases when unilateral symptoms were
reported.
5.6.2.1 Doppler waveform analysis
Doppler waveform analysis was performed using an SMHz Doppler probe which was attached
to the Dopplex assist (Huntleigh®) (Figure 5.1). Aquasonic® ultrasound transmission gel

(Parker Laboratories, New Jersey) was used during assessment of waveforms. The probe was

placed in the area of the pulse at a 45° to 60° angle to the surface of the skin and was moved
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around until the clearest waveform signal was heard. The waveforms were recorded as
triphasic, biphasic, monophasic/sharp monophasic, monophasic continuous or absent, applying
the terminology currently used in the local hospital clinical reports when communicating with
vascular surgeons. For interpretation of waveforms this research followed the definitions by

(Kim et al., 2020; Scissons & Comerota, 2009; Spronk et al., 2005).

e Triphasic waveforms were defined as waveforms with three components - systole
forward flow, reverse flow (early diastole / late systole) and forward flow (late systole,

end-systolic notch). The waves cross the zero flow line.

e A biphasic waveform is denoted by a systolic forward flow with diastolic reverse flow.

The waves cross the zero flow line without an end-diastolic notch.

e Waveforms with a sharp upstroke, a brisk downstroke above the zero flow line but with
an end-systolic notch (rapid deceleration during end systole followed by diastolic
acceleration) was noted as ‘sharp monophasic’ (Kim et al., 2020; Scissons, 2008;

Scissons & Comerota, 2009; Spronk et al., 2005).
e Monophasic waveforms are waveforms which reflect blood flowing in one direction
and do not cross the zero-flow baseline but are discontinuous with zero flow until the

next wave.

e Monophasic continuous waveforms are waveforms which demonstrate a single wave

with a continuous flow during diastole above the zero-flow baseline.

e Absent waveforms occur when there is no signal of flow.

5.6.2.2 The ankle-brachial pressure index

The Dopplex assist (Huntleigh®) was used to assess Doppler waveforms and ABPI (Figure

5.1). Following recommendations (V. Aboyans et al., 2012) due its enhanced accuracy

compared to automated devices (Benchimol et al., 2009) an 8MHz probe was used to assess
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Doppler waveforms at both the dorsalis pedis and posterior tibial artery and the brachial artery

pulse for ABPI calculation.

Figure 5.1. Equipment used to measure ABPI

The protocol for conducting the ankle brachial pressure index used in this study was that

proposed by Aboyans et al (V. Aboyans et al., 2012) and is summarised in table 5.1.

Table 5.1 Protocol for measuring ABPI adapted from (V. Aboyans et al., 2012)

e The potential participant lay at rest for 10 min in the supine position, relaxed, head
and heels supported, in the room with a comfortable temperature (19°C-22°C/66°F—
72°F).

e The cuff was chosen adequately according to the limb size with the width contouring
at least 40% of the limb circumference.

e Any open lesion posing potential contamination was covered with an impermeable
dressing.

e The participant was asked to stay still during the pressure measurement.

e The cuff was placed around the ankle using the straight wrapping method and the
lower edge of the cuff was placed 2 cm above the superior aspect of the medial
malleolus.

e An 8MHz Doppler probe was used and Doppler gel was applied over the sensor.

e After the Doppler device was turned on, the probe was placed in the area of the
pulse (posterior tibial and dorsalis pedis artery) at a 45° to 60° angle to the surface

of the skin and was moved around until the clearest waveforms signal was heard.
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The cuff was inflated progressively up to 20 mmHg above the level of flow signal
disappearance and then deflated at 2mmHg per second pressing the deflate button
on the Dopplex Assist until the flow signal reappeared. The Dopplex Assist stopped
automatically indicating the level of pressure at the first signal. This could also be
manually adjusted if deemed necessary such as in cases when the signal was too
weak to be automatically detected. The maximum inflation was 300mmHg; if the
flow was still detected, the cuff was deflated rapidly to avoid pain.

The detection of the brachial blood flow during the arm pressure measurement was
also done by Doppler.

The same sequence of limb pressure measurements was used, keeping the same
sequence for all participants. In this study the counterclockwise sequence was
applied, i.e right arm, right PT, right DP, left PT, left DP, left arm.

During the sequence of measurement, the first measurement was repeated at the end
of the sequence and both results averaged to minimise the white coat effect of the
first measurement, except if the difference between the 2 measurements of the first
arm exceeded 10mmHg. In that case, another measurement was taken and accepted
if the difference was less than 10mmHg.

In case of the requirement of repeat measurement of the 4 limb pressures, the
measurements were repeated in the reverse order of the first series i.e the clockwise
sequence was used starting and ending with the left arm.

The ABPI of each leg was calculated by dividing the lowest ankle pressure by the
highest brachial pressure (Schroder et al., 2006). To calculate risk of an event as in
the case of this research, the lowest ankle pressure is recommended (V. Aboyans &

Jean-BaptisteRicco, 2017).

Participants who had an ABPI >1.4 or who had incompressible arteries due to non-closure after

inflating cuff >300mmHg were classified as having calcified ankle arteries (Hirsch, et al.,

5.6.2.3 Toe-brachial pressure index

The equipment used to assess toe pressures was the Huntleigh (Huntleigh®) ATP Ankle and

toe pressure kit (Figure 5.2). This handheld equipment is specifically designed to assess toe

pressures utilising an arterial plethysmography probe which is attached to a Doppler unit. The
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toe pressure cuff (2.5cm) is also attached to the unit and an internal pressure sensor in the
adaptor provides a direct pressure reading on the display. This equipment was utilised for
assessing toe pressures because it automatically increases the sensitivity of
photoplethysmography (PPG) probe up to 40 times when required. In this way the toe pressures
could be recorded even in participants with very low toe PPG waveforms, otherwise

undetectable by other equipment.

Figure 5.2 Equipment to measure TBPI

A number of potential factors which may influence toe pressure readings identified in the
literature (Sonter et al., 2014; P. E. Tehan et al., 2016) were addressed during the procedure.

Methodological considerations for TBPI assessment included:

e Toe cuff size — there is some evidence in one study (Pahlsson et al., 2007) which
evaluated the influence of cuff size on TBPI indicating that the 2.5cm cuff provides the
most accurate measurement while smaller cuffs result in variable pressures. Therefore

2.5cm cuff was applied for all participants.

e Ambient temperature — toe pressure measurements are unreliable when skin
temperatures are below 20 degrees Celsius (Cloete et al., 2009; Sonter et al., 2014).
Adequate temperature can be achieved by acclimatization for a minimum of 15 minutes
in a room temperature kept at 24 to 25 degrees as recommended by (Hayer et al., 2013).

This was monitored using a digital room thermometer.

e Positioning — hydrostatic pressure from an elevated torso over the lower limb

significantly elevates lower extremity pressures (Gornik et al., 2008). Therefore,
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participants were asked to lie in a flat supine position for the duration of ABPI and

TBPI assessment.

Rest time — A systematic review (Sadler et al., 2015) noted a decrease in brachial blood
pressure after 10 minutes of rest but no evidence was reported indicating the effect of
rest time on ankle or toe pressures. Nevertheless, a rest time in supine position was

undertaken in all participants prior to ABPI and TBPI measurements.

Minimising perturbations — through clinical experience it is known that movement,
coughing or talking during TBPI measurement creates perturbations in the PPG
waveform, disrupting the reading. Therefore, participants were asked to remain as still
and as quiet as possible during the reading. In cases where the TBPI readings were

affected, the procedure was repeated until a clear reading was obtained.

The protocol for TBPI measurement is described in table 5.2. TBPI measurements were

undertaken immediately after the ABPI readings.

Following ABPI measurement, the PPG sensor was placed on the distal pulp of the
hallux or second digit if this was amputated or ulcerated. The sensor was fixed with
tape as in figure 5.2.

The device automatically increased the sensitivity up to 40 times until a clear signal
was obtained. Once this was stable, the 2.5cm toe cuff was placed proximally to the
PPG as shown in Figure 5.2.

The cuff was inflated until a flat lined PPG signal was shown on the display until a
maximum of 150mmHg.

The cuff was then slowly deflated at 2mmHg per second as indicated in the display.
When a constant PPG wave signal returned, the device automatically indicated the
pressure of the first return signal. In cases when the return wave was very low and
was undetected by the device, the pressure reading of the first return wave was
recorded manually by the researcher.

The TBPI was calculated by dividing the toe pressure by the highest brachial pressure.

Table 5.2 Protocol for measuring TBPI during the study
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Participants who had incompressible arteries due to non-closure after inflating the digital cuff

>150mmHg were classified as having calcified digital arteries.

5.7  Blood parameters

Patients who attend the vascular unit and are diagnosed with PAD have blood tests booked as
a routine procedure testing for: Renal profile, lipid profile, liver profile, HbAlc, fasting blood
glucose, full blood count and erythrocyte sedimentation rate. For the purpose of this research
C-reactive protein was added in the analysis since it is a known inflammatory marker of

atherosclerotic disease (M. H. Criqui & Aboyans, 2015) as identified in Chapter Two.

5.8  Medication and Medical History

Current medication information was retrieved by reviewing the hospital discharge letters and
through information provided by the potential participants. All medications prescribed to the

participants were recorded for the purpose of this research.

Relevant previous medical history information was also obtained by reviewing hospital
discharge letters together with analyzing the national hospital electronic database where any
surgical procedures are recorded. The relevant information recorded were previous lower limb
revascularisation, previous cardiac surgery, previous hospitalization due to a major adverse

event (Myocardial infarction or stroke), known cardiovascular disease or spinal disease.
Following the literature review in Chapter Two it was important to note the presence of
diabetes, hypertension and hyperlipidaemia. The definitions according to Criqui et al (M. H.

Criqui et al., 2010) were applied to determine the presence of these risk factors:

e Hypertension - a resting systolic BP >140mmHg or participants with a history of
hypertension taking anti-hypertensive drugs.

e Dyslipidaemia — total cholesterol to HDL cholesterol ratio >5mmol/L. or medication

use.
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e Diabetes — Diabetes mellitus was defined according to the criteria of the American
Diabetes Association (American Diabetes Association, 2018), that is: fasting glucose
>126mg/dl or HbAlc >6.5%, and was assumed to be present in participants with a

history of diabetes taking anti-diabetic medication.

5.9 Smoking history

Smoking habits were recorded according to guidelines (M. S. Conte et al., 2019) in routine
clinical care, that is, as current smoker, previous smoker or never smoked. Potential
participants were asked whether they currently smoke, how many cigarettes they smoke per
day and for how long (years). If they were past smokers they were asked how long ago they
quit, how many cigarettes they smoked daily and how long they had been smoking for (in
years). Packet years were calculated by multiplying the number of cigarettes smoked per day

by the number of years.

5.10 Disease location

Defining anatomical location of stenosis was performed following assessment by Duplex scan
performed by the vascular surgeon at the vascular unit. This information was retrieved after
the participants’ appointment at the hospital. The duplex scan reports of the participants were
analysed in order to establish the location of the disease, as described by the vascular surgeon.
The reports were accessed through the Vascular lab online database. This thesis followed the
definitions of anatomical locations as described by the TASC steering committee (Jaff et al.,
2015) where authors divided the locations as aortoiliac, femoropopliteal and infragenicular /
infrapopliteal as illustrated in figure 5.3. For data collection, duplex scan images of the
participants were retrieved and the location of the stenosis indicated in the image was recorded

as illustrated in figure 5.4.
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Fig. 5.3 Anatomical arterial Fig. 5.4. Duplex scan image indicating
segments. Image retrieved from participant location of stenoses
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5.11 Calcified arteries

Following retrieval of Duplex scan reports, each document was assessed for reports of arterial
calcification in the aortoiliac, femoropopliteal or infrapopliteal arterial segments as indicated
by the vascular surgeon. Those who had calcified arteries were recorded as such on the data
collection excel sheet of the study. Haemodynamic parameters were still assessed and recorded
in these participants. As stated in sections 5.6.2.2. and 5.6.2.3, participants who had an

ABPI>1.4 or non-closure when inflating the cuff were also recorded as having calcified arteries
5.12 Symptom severity

In this thesis symptom severity was measured using the Walking Impairment questionnaire
(WIQ). As discussed in Chpater Two, section 2.4.2.2, the WIQ (Conijn et al., 2015; Coyne et
al., 2003) is a validated function-specific interviewer administered questionnaire (Appendix 9)

which focuses on symptom severity perceived in real life activities. The questionnaire (Coyne
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etal., 2003) assesses four subscales — pain, distance, speed and stairs as perceived by the patient
in the previous week. It can reliably detect symptom deterioration or improvement as perceived
by the patients, making it a useful tool for objective testing of functional walking ability both

in the routine clinical context and in research during patient follow-up (Nicolai et al., 2009).

On the day of their appointment the questionnaire was first described verbally to the
participants and then the questions were read to the participants by the researcher since
interviewer-administered WIQ was found to be more reliable (Ouedraogo et al., 2011). For the
purpose of this study, the questionnaire was translated to Maltese (Appendix 9) using the
forward-backward translation method as defined by the WHO (Kalfoss, 2019). An independent
Maltese language lecturer performed the forward translation, this was reviewed by the
researcher and another bilingual professional to assess for inconsistencies between the
translated document and the source language. The translated document was then back
translated to English by another independent translator and the back-translated document was
reviewed by the researcher for any inconsistencies which were amended accordingly. The
preferred language (English or Maltese) was chosen by the participant and the score on the

Likert scale was marked by the researcher.

The protocol for scoring the WIQ has been described by Mcdermott (McDermott et al., 1998)
and was applied in this research. Of special interest was the WIQ distance score since the
estimated walking distance by the patients is the most commonly reported symptom disability
observed in the referral forms retrieved in this study. The participant estimated walking
distance on the WIQ was reported for every participant as proposed by Frans et al (2013) since
this was found to be strongly correlated to the treadmill test (Myers, Johanning, Stergiou,

Lynch, Longo, & Pipinos, 2008).

The WIQ distance score (Fig. 5.5) describes the degree of difficulty experienced when walking
specified distances ranging from 20 metres to 500 metres, ranked on a Likert scale from 1 to 5
where 1 represents no difficulty to walk the distance and 5 represents inability to walk the
distance (McDermott et al., 1998). The distances are weighted from 1 to 5. Each Likert score
is multiplied by the weight, summed and divided by the maximum possible score to calculate
the score for that domain. The higher the score obtained, the worse are the symptoms
experienced. An additional option of ‘didn’t do for other reasons’ was included in a later

version (Coyne et al., 2003) (Figure 5.5) of the WIQ for patients who could not walk due to
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other reasons such as breathlessness, hip or knee pain etc. In cases when this occurred at
baseline, participants were excluded since IC could not be defined, when this occurred during

follow-up, the WIQ score was not calculated and excluded from analysis.

bt @’ZZ%’Z t’fv“a’;‘jf;fr No Slight Some Much Unableto  Didn’t do for
you diffuculty difficulty difficulty difficulty do other reasons
Walk indoors such as |:| |:| |:| |:| |:| |:|
around the house | ) 3 4 5 p
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1 2 3 4 5 6
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1 2 3 4 5 6
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1 2 3 4 5 6
< Walk 300m I O O O
1 2 3 4 5 6
- TG I I I B
1 2 3 4 5 6

Figure 5.5 The walking distance subscale of the Walking Impairment Questionnaire (Coyne
et al., 2003)

5.13 Potential cofounders

Potential cofounders were identified in the literature when assessing IC symptoms (Kalfoss,

2019; Schorr & Treat-Jacobson, 2013). These were recorded at each participant appointment.

e Spinal stenosis — defined by report on national patient information database following
diagnosis by an orthopaedic surgeon.

e Neuropathy — was assessed by 10g monofilament following definition by (Feng et al.,
2009)

e Arthritis — as reported by the participant following diagnosis by GP or orthopaedic
surgeon.

e Depression — defined by anti-depressive medication.

e Malignancy — defined by diagnosis on patient medical records

e Breathlessness which precludes walking — defined by the patient
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5.14 Outcome measures

Following recruitment all the participants were provided with a follow-up appointment after
12 months and after 24 months of the first visit. Each participant was reminded by phone about
the appointment two weeks before and amendments were made if needed. At the follow-up
appointments the following data was recorded:

e ABPI

e TBPI

e Doppler waveforms

e Symptom severity

e Adverse events (explained in further detail the following section 5.14.1)

Outcome of events were extracted from three databases for which ethical approval for access
was obtained previously (Chapter 3, section 3.10) — The CPAS (Central patient access system)
which is a patient identification and patient care locator system which records patient
attendance at any clinic within the Health department in Malta, both in primary and secondary
care. Reports of mortality are also recorded in this system. The second database is the iSoft
database which reports any intervention, blood results and angiographic reports of the patients.
The third database is the Vascular laboratory database where reports of patients’ diagnoses by
the vascular surgeon, treatment plan (revascularisation, amputation, review or other) and

duplex scan reports were retrieved.

Prior to the follow-up, the databases were assessed for any new reports occurring in the past
12 months. This allowed recording of the outcomes of interest defined in section 5.14.1. On
the day of the follow-up visit participants were asked about the occurrence of any adverse
events to verify the information retrieved from the database and also in case they attended for
care in a private hospital. When a possible event was noted, hospital discharge letters were
retrieved from the patients’ medical files for verification of information and confirmation of

the event.
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5.14.1 Adverse events

The adverse events of interest recorded in this thesis were:

Development of CLI - The term critical limb ischemia refers to all patients with chronic
ischemic rest pain, ulcers / tissue loss or gangrene attributable to objectively proven arterial

occlusive disease (M. S. Conte et al., 2019).

Revascularisation — any reported revascularisation procedure including angioplasty, bypass,

thrombectomy or hybrid procedures.

Significant haemodynamic deterioration — defined as a decrease in ABPI by >0.15 or in
TBPI by >0.1 (M. S. Conte et al., 2019). The 0.15 cut-off point represents clinically significant
change in ABPI (M. H. Criqui et al., 2008).

Significant deterioration - referral for revascularisation due to deterioration of PAD and / or
due change in the participants’ symptom severity (surgery related to initial referral and any
subsequent operation related to a failed primary procedure was not included as an adverse

event).

Haemodynamic deterioration — a decrease in ABPI less than 0.15 and / or a decrease in TBPI

<0.1 or a change in waveforms

Symptom deterioration —an increase in WIQ distance score

Cerebrovascular event — transient ischaemic attack, stroke, carotid revascularisation

Cardiovascular event — MI, Angina, cardiac revascularisation (CABG, PCI)

Mortality — death reported on the national database

5.14.2 Haemodynamic and symptom improvement

Haemodynamic improvement — an increase in ABPI provided that the participant did not
have arterial calcification identified by duplex scan or improvement did not exceed 0.15

without revascularisation (V. Aboyans et al.,, 2018). An increase in TBPI without
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revascularisation and / or a change in waveforms (indicating haemodynamic improvement).
Those participants who had improved haemodynamics due to revascularisation were not

considered as ‘improved’ for statistical analysis.

Symptom improvement — a decrease in WIQ distance score

Following data collection, the statistical analysis procedures were defined.

5.15 Statistical analysis

This section provides an overview of the statistical methods employed in this research, which
were identified following guidance and advice from a statistician. Further details of each test

are provided in the results sections of the respective tests.

As stated in Chapter 3, section 3.7.1, all continuous measures of gathered data were used for
analysis which improves the test’s ability to detect the outcome of interest (S. Mallett et al.,
2012). Continuous data were given as mean and standard deviation or median and interquartile
range, depending on the distribution pattern, while discrete data were presented as counts and
percentages. The Chi-square test was applied to compare groups of categorical data and to test
for trends. Mann — Whitney U tests were applied to compare groups of unpaired continuous

data and Wilcoxon paired tests used to analyze repeated measurements.

Regression analysis was used to assess for factors associated with deterioration to CLI,
significant haemodynamic deterioration, using respective models. The outcome of interest (Eg:
development of CLI) was the dependent variable and the measures of baseline variables were
the independent variables. Regression analysis is the most commonly used method for reducing
confounding in cohort studies as it uses the data to estimate how confounders are related to the
outcome and produces an adjusted estimate of the intervention effect (Hoffman, 2015). Since
the estimated association between the baseline variables and outcome adjusts for the effects of
all the measured baseline characteristics, the resulting estimate is the adjusted effect (Y. Zhang
etal., 2016). The choice of method of regression analysis (linear, logistic, proportional hazards,
etc) depends on the type of dependent variable. When the outcome is binary such as occurrence
of an event, as in this research, the logistic regression model should be the method of choice

(Hoffman, 2015). The main advantage of regression techniques is that data from all the
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participants is used. Additionally, most researchers are familiar with the technique and the
analysis can be done using readily available software. The results of the regression analysis

were expressed as odds ratio (OR) and 95% confidence interval (95% CI).

While logistic regression calculates the OR of the variables of interest, the relative risk (RR)
of the variables which were identified as significant independent predictors for the
development of CLI was also calculated. The relative risk is defined as the ratio of the
probability of the outcome (CLI) occurring in the group. When the incidence or risk of an
outcome is very low in the general population, the rare disease assumption is adopted and the
odds ratio derived from the regression analysis is assumed to be a good estimation of the

relative risk as can be calculated by the formula (Grant, 2014).

Relative risk=odds ratio/(1-po + (po x odds ratio))

po=baseline risk

The prevalence of CLI in the general population reported in the literature is 0.24% (Bitar &
Garcia, 2010; Jensen et al., 2006; Nehler et al., 2014). Therefore, since the incidence of CLI in
the general population is less than 10% the odds ratio and relative risk are very similar and do
not vary and the rare disease assumption is applied where the OR derived from the logistic

regression analysis can be expressed as RR (J. Zhang & Kai, 1998).

The ROC (receiver operator characteristic) analysis was applied to assess the performance of
the predictive model as a diagnostic test. The ROC curve is a two-dimensional plot where the
vertical axis represents the true positive rate and the horizontal axis represents the false-positive
rate. Therefore, classifying whether a disease is predicted or not is represented by a single point
on the ROC curve. In cases where a continuous variable is being tested, then the binary
classification can be specified by a ‘cut-off’ point or threshold which best determines the
prediction (Shapiro, 1999). Statistical analysis was performed using SPSS for MAC (Version
26.0, SPSS Inc., IL, USA). The results following data collection are presented in the succeeding

chapters.
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CHAPTER SIX

Characteristics of patients with IC. A cross-sectional prospective cohort

observational study (study 3)

6.1 Introduction

As highlighted in Chapter Two and confirmed in study 1, evidence reporting the progression
of PAD in patients with IC is limited in published literature (Mizzi et al., 2019). This
information is required for clinicians to make an informed decision when selecting treatment
to reduce the risk of deterioration to CLI which would otherwise increase the risk of morbidity
and mortality significantly (Anand et al., 2018). Furthermore, the scoping study presented in
Chapter four (Study 2) demonstrated that in Malta (where the study took place), there was a
lack of knowledge related to the characteristics of the patient presenting with IC, making it
difficult to evaluate the outcomes of these patients in relation to their condition. The aim of
this study (Study 3) was therefore to establish the characteristics, medical condition and
medication through the development of a prospective registry of patients with IC. Results from
this study were used as the baseline data for the prospective longitudinal observational study

which is presented in Chapter Seven.

The development of a Prospective registry of patients with IC in Malta would provide insight
into patient characteristics and treatment outcomes in Malta. To date, there is no national
Prospective Registry of this kind in Malta and its formulation would provide an opportunity to

explore the local current prevalence of PAD risk factors among patients with IC.

6.2  Aim and objectives of the study

The aim of this study was to establish the participant characteristics in terms of risk factors,
medication, blood profile (detailed in Chapter Five), haemodynamics and symptom severity of
patients diagnosed with IC. The data gathered was used to establish the baseline data for the
longitudinal observational study which followed (Study 4).

This study aims to answer the question:

What are the characteristics of patients presenting with IC?
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6.2.1 Objectives

e To identify baseline patient characteristics in patients with IC

e To identify baseline medication use in patients with IC

e To compare baseline characteristics of the Maltese population with IC with
established population characteristics observed in other populations evidenced in

published literature.

A discussion and a detailed description of the methods employed for this study have been
presented in Chapter Five. As formerly described therefore, this study employed a cross-
sectional observational prospective cohort design and included new consecutive referrals to the
vascular unit of patients with IC over a period of twelve months. The referrals were received

from all primary care clinics as established by the changes implemented following the scoping

study (Study 2).

The study protocols for the recruited participants, including obtaining consent, haemodynamic
analysis, blood results, medication and medical condition, were followed as explained in

Chapter five. Formal ethics approvals were obtained as also described in Chapter Three.

6.3 Results

A total of 246 potential participants were referred with IC as the reason of referral to the
vascular unit. Out of these, 3 participants did not respond, 93 were incorrectly referred to this
clinic since they were found not to have PAD and 150 participants were eligible for the study.

All 150 participants agreed to participate and were recruited to this study.

This section first presents the baseline characteristics of the participants, the baseline
haemodynamic data, medical history profile and medication profile. The difference in
participant characteristics, medical history and haemodynamic parameters between men and
women and also between participants with a history of chronic heart disease (CHD) or diabetes
and those without, were also explored. The correlation between the haemodynamic parameters
recorded (Doppler waveforms, ABPI, TBPI, absolute toe pressures) was also explored and

presented in this chapter.
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In order to assess whether any differences exist between IC participants in Malta and those in
other countries, the participant characteristics, medical history, medication history and
haemodynamic parameters were compared with previously published data from a similar
cohort of patients in the UK (Khan et al., 2007). The one-sample t-test was applied in this

analysis.

In this chapter, for ease of understanding, only the main results of the statistical tests are

presented. The full relevant individual tests can be found in Appendix 10.

6.3.1 Descriptive statistics
6.3.1.1 Participant Characteristics

A total of 150 participants were recruited of whom 31 (20.7%) were women and 119 (79.3%)
were men. The recruited participants’ age and BMI are presented in the table 6.1 as means and

standard deviation.

Mean SD Minimum Maximum
I I I
Age (years) n=150 69.7 9.3 38 88
BMI n=150 27.8 4.27 18.9 47.1

Table 6.1 Mean age and BMI

The mean age of the participants was 69.7 years, ranging from 38 to 88 years. The mean BMI
(defined as weight in kg divided by height in m?) was 27.8 which falls within the ‘overweight’
range (25 to 29.9Kg/m?). In this study 119 participants were men while 31 were women,

indicating that the majority of the recruited participants were male (79.3%).

6.3.1.2 Smoking status

The smoking status of the participants at recruitment is presented as counts and percentages in
the table 6.2. The number of years smoked and pack years smoked, for current smokers and
ex-smokers is presented in table 6.4. Pack years is defined as number of packs of cigarettes

smoked daily multiplied by number of years smoked (One pack=20 cigarettes).
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Frequency Percentage
Smoking Status Current Smoker 55 36.7%
Ex-smoker 62 41.3%
Never smoked 33 22%
Total 150 100%

Table 6.2 Smoking Status of participants

A total of 78% of the participants had a smoking history, that is, were either current smokers
p p g y

or ex-smokers. Fifty-five (36.7%) participants were smoking at recruitment, while 62 (41.3%)

were ex-smokers and 33 (22%) participants had never smoked.

Mean SD Minimum Maximum

I I
Ex-Smokers Smoking duration (years) 40.7 9.91 20 66
(=e2) Pack years smoked 72.5 43.62 8 200

I I
Current Smoking duration (years) 453 14.15 15 70
Smokers
(n=55) Pack years smoked 54.8 43.28 6 235

Table 6.3 Smoking duration and pack years smoked

Among the ex-smokers (Table 6.3), mean smoking duration was 40.7 years and mean pack

years smoked was 72.5. For current smokers, mean smoking duration was 45.3 years and mean

pack years were 54.8.

6.3.1.3 Medical History and medication

The medical history and medication taken by the participants at recruitment are presented in

counts and percentages in table 6.4. As described in Chapter 3, section 3.10, the information

was retrieved from the medical records, participant medication forms and databases of the

national health service, after obtaining the relevant permissions. The definitions used in this

investigation for each medical condition are presented in Chapter Five, section 5.8.
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Frequency Percentage
(n=150)
Medical History Ho of Diabetes 104 | 69.3%
Ho of hypertension 129 86%
Ho of hyperlipidaemia 116 71.3%
Ho of renal disease 47 311%
Ho cardiac disease 61 40.7%
Prior cardiac intervention 58 38.7%
Prior MI 29 19.3%
Prior CVA 15 10%
Medication Statins 113 75.3%
Antiplatelets 112 74.7%
Anticoagulants 12 8%
On Antiplatelet / anticoagulant 119 79.3%
Not on Antiplatelet / Anticoagulant 31 20.7%
ACE inhibitor 72 48%
Angiotensin receptor blocker 22 14.7%
Calcium channel blocker 36 24%
Beta Blocker 12 8%

Table 6.4 Medical history and medication taken by participants

Results show that the most common medical conditions among the participants were
hypertension, hyperlipidaemia and diabetes. Cardiac disease was present in 40.7% of the

participants and 38.7% had a prior cardiac intervention (Cardiac bypass or stenting).

Results also show that approximately 75% of the participants were taking statins and anti-
platelet therapy and 8% were taking anti-coagulants. A total of 31 (20.7%) participants were
not taking any antiplatelet or anti-coagulant therapy. The most common anti-hypertensive
drugs prescribed among the participants were Ace inhibitors followed by calcium channel

blockers.
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6.3.1.4 Blood parameters

The median values of the blood test results collected prospectively at recruitment are presented
in table 6.7 as median and interquartile range (IQR) since the data did not have a normal

distribution (Shapiro Wilk test, Appendix 11).

Table 6.5 Participant blood results at baseline

Interquartile range Normal
Blood parameters Median First Third range
eGFR (mls/min/1.73m? ) n=150 79.50 54.75 97.00 > 60
Cholesterol (mmol/l) n=150 4.31 3.57 5.10 2.0-5.0
Triglyceride (mmol/l) n=150 1.44 1.00 2.03 0.1-2.26
HDL Cholesterol (mmol/l) n=150 1.17 93 1.42 0.9-1.45
Non HDL Cholesterol (mmol/l) n=150 3.04 2.36 3.88 0-3.36
LDL Cholesterol (mmol/l) n=150 2.27 1.65 2.96 0.1-3.88
Total Cholesterol: HDL ratio n=150 3.64 2.82 4.72 -
Fasting Glucose (mmol/l) n=115 7.55 5.94 9.90 3.88-6.38
HbA1c (%) n=150 6.69 5.80 7.60 4.7-64
Creatinine (umol/l) n=150 82.5 69.75 113.50 59-104
CRP (mg/L) n=139 2.20 1.10 5.40 0-5
ESR (mm 1 hr) n=136 15 8.00 29.00 28 -32

Results show that the median values for fasting glucose (median 7.55mmol/L IQR 5.9,9.9) and
HbAlc (median 6.6% IQR 5.8, 7.6) were above the normal range. The rest of the blood

parameters were within the normal range.

6.3.1.5 Location of disease and symptoms

The location of symptoms, indicating the location of stenosis identified by Duplex scans is
reported in table 6.6. Additionally, the location of symptoms whether unilateral or bilateral,
as reported by the participants is presented as counts and percentages. A total of 132 out of
150 participants were scanned by duplex following recruitment. Table 6.6 illustrates the
location of disease (defined as stenosis/occlusion and/or calcification) as reported by the

vascular surgeon on the duplex scan report.
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Table 6.6 Location of disease and symptoms at baseline

Frequency  Percentage

Disease location Aortoiliac (artoiliac only) 18 (0) 13.6%

w1l Femoropopliteal (femoropopliteal 101 (39) 76.5%
only)

Infrapopliteal (infrapopliteal only) 67 (15) 50.8%

Symptom Location Bilateral calf claudication 86 57.3%

Unilateral calf claudication 64 42.7%

Table 6.6 illustrates that the most common disease location was the femoropopliteal segment,

reported in 76.5% of the scanned participants, followed by the infrapopliteal segment (50.8%)

and the aortoiliac segment (13.6%). None of the participants only aortoliliac disease, 39

participants had disease only in the femoropopliteal segment while 15 participants had only

IPA artery disease.

Eighty-six participants (57.3%) complained of bilateral calf claudication while 64 (42.7%)

experienced the symptom only in one leg. In those who had bilateral IC, the side (left or right)

denoting the most symptomatic limb was also recorded to be used for further analysis as

recommended by Allen et al (Allen et al., 1996).

6.3.1.6 Brachial systolic blood pressure

The mean systolic blood pressure of the participants recorded during ABPI assessment is

presented as mean and SD in the table 6.7.

Table 6.7 Brachial systolic blood pressure at baseline

Systolic BP mean 149.96 mmHg (+£22.3) Frequency n=150 Percentage
|
Systolic <140mmHg 46 30.7%
[ 140mmHg to160mmHg 60 40%
pressure
>160mmHg 44 29.3%

The mean brachial systolic blood pressure (Table 6.9) recorded during ABPI measurement

was 149.96mmHg (SD 22.3) ranging between 100 and 217mmHg. A total of 104 participants

(69.3%) had a systolic pressure exceeding 140mmHg, out of these, in 44 participants, the

brachial systolic pressure was above 160mmHg at the time of assessment.
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6.3.1.7 Haemodynamic parameters and symptoms

The results of the haemodynamic tests at recruitment, that is, ABPI, TBPI, absolute toe
pressures and claudication distance and WIQ score are presented as median and IQR in the

table 6.8 since the data did not have a normal distribution (Shapiro-Wilk test, Appendix 11).

Table 6.8 Haemodynamic parameters and symptoms at baseline

Interquartile range

Parameter Median First Third
ABPIR n=148 0.81 0.69 0.96
ABPIL n=150 0.82 0.68 0.98
ABPI (symptomatic limb) n=150 0.66 0.55 0.81
ABPT* (excluding calcified arteries) n=125 0.62 0.53 0.74
TBPI n=150 0.38 0.28 0.5
Absolute toe pressures (mmHg) n=150 58 42 80.25
Claudication distance (m) n=150 100 50 200
Walking impairment questionnaire score 65.7 46 74

ABPI includes readings of symptomatic or most symptomatic limbs, excludes ABPI of asymptomatic limbs.
ABPT* excludes results of calcified arteries defined by ABPI >1.4 or calcification reported in duplex scan

The overall median ABPI (including both symptomatic and asymptomatic limbs) in the right
was 0.81 and the left was 0.82. The median ABPI of the symptomatic or most symptomatic
limbs was 0.66 (IQR 0.55, 0.81). This was calculated by including the ABPI results only of the
symptomatic limb in those who had unilateral IC and the most symptomatic limb, in those with
bilateral IC as recommended by Allen et al (Allen et al., 1996). Following this, in order to
investigate ABPI reading when eliminating artefactually elevated ABPI results occurring due
to arterial calcification, the median ABPI excluding those with calcified arteries was also
calculated (n=125). Calcification was defined as ABPI >1.4 or calcification reported in the
duplex scan. This is denoted as ‘ABPI*’ and was 0.62 (IQR 0.53, 0.74). The median TBPI
(0.38 IQR 0.28, 0.5) and absolute toe pressures (58mmHg IQR 42, 80.25) at recruitment, are

those reported in the symptomatic or most symptomatic limbs.
For further analyses shown in the following sections only ABPI readings of the symptomatic

or most symptomatic limbs (in cases who had bilateral claudication) and ABPI* (symptomatic

limbs excluding calcified arteries) were used since it was the data of interest.
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6.3.2 Analysing gender differences

Due to the known increased risk of PAD in men and the delayed presentation of PAD in women

(Criqui & Aboyans, 2015), gender differences in the baseline variables were analysed (table

6.9). The chi square test and one-way Anova or Kruskal-Wallis (for variables with a non-

normal distribution) were applied. The significance level was set at 0.003 after applying the

Bonferroni correction as recommended by Bland and Altmann (1995). The full test results can

be found in Appendix 10.

Table 6.9 Gender differences in baseline characteristics

(mmHg)***

Female N=31 Male N=119 N=150 p-value Statistic
Age at enrolment, mean (SD)* 69.4 (8.9) 69.8 (9.5) 150 0.82 F(1,148)=4.64
BMI mean (SD)* 27.5(5.9) 27.9 (3.8) 150 0.682  F(1,148)=0.17
Ho of Diabetes n (%)** 17 (54.8%) 87 (73.1%) 104 (69.3%)  0.049 X% (1)=3.86
Ho of hypertension n (%)** 25 (80.6%) 104 (87.4%) 129 (86%) 0.36 X2(1)=0.931
Ho of hyperlipidaemia n (%)** 24 (77.4%) 92 (77.3%) 116 (77.3%)  0.99 X2 (1)=0.001
Ho of renal disease n (%)** 7 (22.6%) 40 (33.6%) 47 (31.3%) 0.24 X2(1)=1.39
Prior MI n (%)** 2 (6.5%) 27 (22.7%) 29 (19.3%)  0.041 X% (1)=4.16
Ho cardiac disease n (%)** 9 (29%) 52 (43.7%) 61 (40.7%) 0.14 X2(1)=2.19
F’rior Cardiac intervention n(%)** 9 (29%) 49 (41.2%) 58 (38.7%) 0.216 X?(1)=1.53
Prior CVA n (%)** 4 (12.9%) 11 (9.2%) 15 (10%) 0.55 X2(1)=0.37
Previous major event 12 (38.7) 55 (46.2) 67 (45) 0.46 X2(1)=0.56
Statin medication 19 (61.3) 94 (79) 113 (75.3) 0.04 X%(1)=4.15
Antiplatelet medication 19 (61.3) 93 (78) 112 (94) 0.06 X2 (1)=3.67
Smoking history n (%)** 14 (45.2%) 103 (86.5%) 150 <0.0001 X2(2)=27.0
ABPI median (IQR)*** 0.62 (0.51,0.71) 0.68 (0.56, 0.84) 150 0.207 2.997
ABPI* median (IQR)*** 0.57 (0.49,0.68) 0.61 (0.52.0.75) 125 0.083 1.593
TBPI median (IQR)*** 0.34 (0.25,0.42) 0.41(0.28,0.51) 150 0.063 3.46
Absolute toe pressures 54 (41,69) 60 (44, 83) 150 0.15 1.992

*One-way Anova test performed, **Chi square test performed, *** Kruskall-Wallis test performed.

Results (table 6.9) show that there was a significantly higher proportion of men who smoked

or had a history of smoking compared to women (p<0.0001). There was no significant

difference between gender in the rest of the parameters investigated.
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6.3.3 Analysis Diabetes

The differences in baseline parameters recorded between participants who had diabetes and
participants who did not, were analysed. The One-way Anova, Chi square test and Kruskal-
Wallis tests were applied according to the distribution of the data. The results are summarized
in table 6.10. The significance level was set at 0.003 after applying the Bonferroni correction

as recommended by Bland and Altmann (1995).

Table 6.10 Baseline differences between participants with and without diabetes

Diabetes n=104 | No Diabetes n=46 | N=150 Test statistic p-value
lAge at enrolment, mean 71.3 (8.4) 65.9 (10.2) 150 F(1,148)=11.7 0.001
(SD)*
P3MI mean (SD)* 279 (3.2) 27.4 (6.1) 150 F(1,148)=0.44 0.51
F—Io of hypertension n (%)** 97 (93.3) 32 (69.6) 129 X% (1)=14.89 <0.0001
Ho of hyperlipidaemia n 86 (82.7) 30 (65.2) 116 X2 (1)=5.56 0.018
(%)**
P—Io of renal disease n (%)** 40 (38.5) 7 (15.2) 47 X2(1)=8.00 0.005
FPrior MI n (%)** 22 (21.1) 7(15.2) 29 X2(1)=0.72 0.4
Ho cardiac disease n (%)** 49 (47.1) 12 (26.1) 61 X2(1)=5.85 0.016
Prior cardiac intervention n(%) 46 (44.2) 12 (26.8) 58 X2(1)=4.43 0.035
Prior Major event n (%)** 54 (51.9) 13 (28.3) 67 X2(1)=7.23 0.007
Prior CVA n (%)** 13 (12.5) 2(4.3) 15 X2(1)=2.36 0.125
Smokers (Current/past) n 81 (77.9) 37 (80.4) 118 X2(1)=0.12 0.725
(%)**
Statin medication** 91 (87.5) 22 (47.8) 113 X2 (1)=27.0 0.001
}Antiplatelet medication** 86 (82.7) 26 (56.5) 112 X2 (1)=11.55 0.001
}ABPI median (IQR)*** 0.69 (0.56,0.91) 0.62(0.51,0.78) 150 6.377 0.012
}ABPI* median (IQR)*** 0.63 (0.53,0.73) 0.56 (0.47,0.68) 125 4.227 0.04
TBPI median (IQR)*** 0.4 (0.3,0.53)  0.37(0.28,0.44) 150 4.453 0.035
IAbsolute toe pressures 60.5 (45,83) 54.5 (38,70) 150 3.479 0.05
(mmHg)***

*One-way Anova test performed, **Chi square test performed, *** Kruskall-Wallis test performed.

Results indicate that group of participants with diabetes was significantly older, had a higher
proportion of participants with hypertension (p<0.003). A significantly higher proportions of

participants with diabetes were on statin and antiplatelet medication (p<0.003).
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6.3.4 Analysing coronary heart disease
Coronary heart disease (CHD) (defined as prior M1, angina, prior CABG or prior PTCA) was
analysed in further detail. Differences in variables of interest were assessed between
participants who had known CHD and those who had no prior history of CHD (Table 6.11).

The significance level was set at 0.003 after applying the Bonferroni correction as

recommended by Bland and Altmann (1995).

Table 6.11 Differences between participants with CHD and without CHD

Characteristic Prior CHD No prior CHD Statistic p-value
N=61 N=89
Age at enrolment, mean (SD)* 70.8 (9.4) 68.4 (9.2) F(1,148)=1.44 0.232
BMI, mean (SD)* 28.3 (4.2) 27.5(4.3) F(1,148)=1.28 0.259
Gender Female n (%)** 9 (14.8%) 22 (24.7%) 0.14
X2 (1)=2.19
Male n (%)** 52 (85.2%) 67 (75.3%)
Claudication distance m, median 100(50,200) 100 (25,200) 0.054 0.83
(IQR)***
Ho of Diabetes n (%)** 49 (80.3%) 55 (61.8%) X2(1)=5.85 0.016
Ho of hypertension n (%)** 59 (96.7%) 70 (78.7%) X2 (1)=9.82 0.002
Ho of hyperlipidaemia n (%)** 58 (95.1%) 58 (65.2%) X?(1)=18.46 <0.0001
Ho of renal disease n (%)** 23 (37.7%) 24 (27%) X2(1)=1.94 0.164
Prior CVA n (%)** 6 (9.8%) 9 (10.1%) X2(1)=0.003 0.96
Systolic blood pressure (mmHg) mean 145.2 (20.2) 153.2 (23.2) F(1,148)=4.72 0.031
(SD)*
Smokers**  Current/ past smokers 48 (78.6%) 70 (78.7%) X2(1)=0.00 0.996
Statin therapy 57(93.4) 56 (63) X?(1)=18.14 <0.0001
Antiplatelet therapy 53 (86.9) 59 (66.3) X2(1)=8.14 0.004
ABPI* median (IQR)*** 0.66 (0.53,0.74)  0.58 (0.50, 0.7) 2.902 0.088
ABPI median (IQR)*** 0.70 (0.59,0.95)  0.62(0.53,0.79) 5.679 0.017
TBPI median (IQR)*** 0.39(0.34,0.53)  0.38(0.25,0.50) 3.271 0.07
Absolute toe pressures (mmHg)*** 58 (50,81) 57 (36,79) 0.362 0.32

*One-way Anova test, **Chi square test, *** Kruskall-Wallis test.

There was a significantly greater proportion of participants with hypertension and
hyperlipidaemia and taking statin therapy in those with known CHD compared to those without
CHD (Chi squared test p <0.003) but there was no difference in the rest of the parameters

between the two groups (p>0.003).
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6.3.5 Analysing age

The age-wise distribution of PAD risk factors was assessed in the following sections.

6.3.5.1 Age group and medical history

Differences in medical history according to age group was analysed using the Chi square test

and results are presented in table 6.12. Significance for each variable was set at 0.006 according

to the Bonferroni correction.

Medical history <59 years 60-69 yrs 70-79 yrs >80 yrs  Total X2 df P value
Diabetes Diabetes Count 12 32 40 20 104 10.11 3 0.021
Percentage 46.2% 66.7% 80.0% 76.9%  69.3%
No Diabetes Count 14 16 10 6 46
Percentage 53.8% 33.3% 20.0% 23.1%  30.7%
Hyper- Hypertension Count 23 39 44 23 129 1.33 3 0.723
tension Percentage 88.5% 81.3% 88% 88.5% 86%
No Count 3 9 6 3 21
Hypertension Percentage 11.5% 18.8% 12.0% 11.5%  14.0%
Hyper- Hyperlipidaemia Count 20 34 42 20 116 2.43 3 0.488
lipidaemia Percentage 76.9% 70.8% 84% 76.9% 77.3%
No Count 6 14 8 6 34
hyperlipidaemia Percentage 23.1% 29.2% 16.0%  23.1% 22.7%
Cardiac Cardiac Disease Count 10 17 21 13 61 158 3 0.665
Disease Percentage 38.5% 35.4% 42% 50%  40.7%
No Cardiac Count 16 31 29 13 89
disease Percentage 61.5% 64.6% 58.0%  50.0%  59.3%
Renal Renal Disease Count 1 10 19 17 47 2663 3 <0.001
Disease Percentage 3.8% 20.8% 38% 65.4% 31.3%
No renal disease Count 25 38 31 9 103
Percentage 96.2% 79.2% 62.0% 34.6%  68.7%
History of  History of MI Count 6 10 9 4 29  0.62 3 0.892
MI Percentage 23.1% 20.8% 18.0% 15.4% 19.3%
No History of Count 20 38 41 22 121
MI Percentage 76.9% 79.2% 82.0% 84.6%  80.7%
History of  History of CVA  Count 2 2 9 2 15 568 3 0.128
CVA Percentage 7.7% 4.2% 18.0% 7.7%  10.0%
No history of Count 24 46 41 24 135
CVA Percentage 92.3% 95.8% 82.0% 92.3%  90.0%

Table 6.12 Differences in medical history by age group (X2 test)
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The results show (table 6.12) that as age increases, there is a higher percentage of participants

having renal disease, with the highest percentages being 80 or older (Fisher’s exact test

P<0.0001). Post hoc analysis indicates that the difference lies in the group aged 80 or older

(p=0.0007). Post hoc tests, expected values and Fisher’s exact test results can be found in

Appendix 10, Tables 10.3 to 10.5). There was no significant difference in age-wise distribution

in hypertension, hyperlipidaemia, cardiac disease and history of MI or CVA.

6.3.5.2 Age group and smoking status

The chi square test was applied to assess the age-wise distribution of smoking history among

the participants (table 6.13).

Table 6.13 Age group vs smoking status

Age-group
59 years 60-69 70-79 80 years Total
or less years years or more
Smoking Current Count 22 16 10 7 55
status smoker  percentage 84.6% 33.3% 20.0% 26.9% 36.7%
Ex- Count 3 23 26 10 62
smoker
Percentage 11.5% 47.9% 52.0% 38.5% 41.3%
Never Count 1 9 14 9 33
smoked b centage 3.8% 18.8% 28.0% 34.6% 22.0%
Total Count 26 48 50 26 150

X2(6) = 35.249, p < 0.001

The results show that as age increased, the number of current smokers decreased, with the

highest number of current smokers being 59 years of age or less. The number of ex-smokers

also increased with increasing age. These percentage differences are significant since the p

value is less than the 0.05 level of significance.
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6.3.5.3 Age group and haemodynamics

The difference in baseline haemodynamics between age groups was assessed using the
Kruskal-Wallis test. In section 6.3.7.2 the relationship between age and haemodynamic

parameters is also presented.

Variable <59 years 60-69 yrs 70-79 yrs >80 yrs Df p-value
0.66 0.66 0.7 0.66
ABPI median (IQR) 3 0.72
(0.53,0.79) (0.55,0.78) (0.55,0.86) (0.54,1.0)
IABPT* median 0.62 0.61 0.61 0.56 3 07
(IQR) (0.53,0.77) (0.51,0.68) (0.52,0.75) (0.43,0.65) .
TBPI median 0.42 0.41 0.37 0.38 3 0.28
(IQR) (0.28,0.55) (0.32,0.56) (0.27,0.46) (0.26,0.51) .
IAbsolute toe
72 62.5 56.5 54
pressure mmHg 3 0.08
(43.5,88.7) (44.5,85.8) (40.8,67.8) (35.5,63.7)
median (IQR)
Claudication
100 100 100 100
distance m median 3 0.71
(50,225) (50,200) (50,150) (50,150)
(IQR)
IWIQ score median 65 65.2 65.4 65.7 3 075
(IQR) (42.8,69) (46,74) (49,74) (50,74) .

Table 6.14 Difference in haemodynamic parameters between age groups (kruskal-wallis)

Results in table 6.14 show that there was no significant differnce in haemodynamic parameters

or symptom severity across age groups.

6.3.6 Analysing haemodynamic parameters

This section presents the results investigating the correlation between the haemodynamic
parameters recorded (ABPI, TBPI, ABPI* and absolute toe pressures) and also between the
haemodynamic parameters and Doppler waveforms. This is followed by an investigation of the
association between haemodynamic parameters and main known risk factors for PAD (section

6.3.6).
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6.3.6.1 Correlation between haemodynamic parameters
The correlation between the haemodynamic parameters recorded was investigated using the

Spearman correlation test since the variables did not have a normal distribution (Shapiro Wilk

test, Appendix 11). The results are presented in table 6.15.

Table 6.15 Correlation between haemodynamic parameters

Spearman’s rho P value
ABPI ABPI* (n=125) 0.796 <0.0001**
(n=150)
TBPI 0.379 <0.0001**
Absolute toe pressures 0.332 0.011*
Claudication distance 0.1 0.08
ABPL (125 Lt 0.387 <0.01%*
(n=125) Absolute toe pressures 0.344 <0.0001**
Claudication distance 0.29 <0.01**
Absolute toe pressures 0.922 <0.001%*
TBPI (n=150)
Claudication distance 0.157 0.03*
IAbsolute toe pressures Claudication distance 0177 0.03*

*Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level (2-tailed).

Results show that ABPI*, TBPI, absolute toe pressures and claudication distance have a
statistically significant positive correlation (p<0.05). The ABPI (including calcified arteries)
has a significant correlation with ABPI*, TBPI and absolute toe pressures but no significant

correlation with claudication distance was found.

6.3.6.1.2 Relationship between Doppler waveforms and other
haemodynamic parameters

The association between Doppler waveforms and ABPI, TBPI, absolute toe pressures and
claudication distance was assessed according to waveform recorded using the Kruskal-Wallis
test. The waveforms ranged from absent to biphasic. No triphasic waveforms were present in
the symptomatic or most symptomatic limbs analysed. The DP and PT waveforms were

analysed separately (tables 6.16 and 6.17 respectively)
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N Median  IQR 1 IQR 3 P value
I I I I
ABPI* Absent 3 0.52 0.4 0.8
N=125
Monophasic Continuous 56 0.56 0.47 0.64
<.0001
Monophasic 57 0.66 0.56 0.74
Biphasic 9 0.77 0.69 0.83
| I I |
ABPI Absent 4 0.56 0.21 0.87
N=150
Monophasic Continuous 68 0.60 0.51 0.8
Monophasic 68 0.69 0.59 0.79 0.005
Biphasic 10 0.82 0.73 0.92
I I I I
TBPI Absent 4 0.46 0.29 0.65
Monophasic Continuous 67 0.34 0.27 0.47
<.0001
Monophasic 68 0.41 0.33 0.51
Biphasic 10 0.54 0.46 0.73
I I I I
Absolute toe  Absent 4 61 42 88
pressure
Monophasic Continuous 67 55 37 73
0.001
Monophasic 68 59 44 82
Biphasic 10 83 73 92
| I I |
Claudication ~ Absent 4 50 50 87
distance
Monophasic Continuous 68 100 50 100
) 0.011
Monophasic 68 100 71.3 200
Biphasic 10 200 131.5 325

Table 6.16 Haemodynamics and DP Doppler waveforms

Results show (Table 6.16) that overall as the waveform deteriorated from biphasic to absent,

the haemodynamic results also declined. The overall difference in ABPI, ABPI*, TBPI,

absolute toe pressures and claudication distance is significant between the categorized DP
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Doppler waveforms. Post hoc analysis (Tukey, Appendix 10) shows that the difference lies

between biphasic waveforms and all the other categorized waveforms (p=<0.05).

N Median IQR 1 IQR 3 P value
| I I
ABPI* Absent 4 0.55 0.31 0.61
N=125
Monophasic Continuous 47 0.56 0.47 0.66
<.0001
Monophasic 65 0.62 0.52 0.72
Biphasic 9 0.77 0.71 0.83
I I I I
ABPI Absent 4 0.55 0.22 0.62
N=150
Monophasic Continuous 57 0.61 0.52 0.75
0.003
Monophasic 77 0.68 0.55 0.83
Biphasic 12 0.80 0.76 0.98
I I I I
TBPI Absent 4 0.36 0.18 0.50
N=150
Monophasic Continuous 56 0.34 0.2 0.44
<0.0001
Monophasic 77 0.41 0.16 0.02
Biphasic 12 0.51 0.46 0.65
I I I I
Absolute Absent 4 49 35 63
toe
Monophasic Continuous 56 52 36 71
pressure
. 0.002
mmHg Monophasic 77 58 44 85
N=150
Biphasic 12 76 63 98
I I I I
Claudication Absent 4 62.5 50 93.7
distance
Monophasic Continuous 57 100 50 100
) 0.002
Monophasic 77 100 60 200
Biphasic 12 200 150 375

Table 6.17 Haemodynamics and PT Doppler waveforms

The results for the PT artery (Table 6.17) were similar to those found for the DP artery

indicating that as the waveform deteriorated from biphasic to absent, the haemodynamic results
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also deteriorate. The overall difference in ABPI, ABPI*, TBPI, absolute toe pressures and
claudication distance is significant between the categorized PT Doppler waveforms (P<0.01)
(Kruskall-wallis). Post hoc analysis (Tukey, Appendix 10) showed that the difference in ABPI,
ABPI*, TBPI, absolute toe pressures and claudication distance between biphasic waveforms
and all the other categorized waveforms is significant (p=<0.05). Additionally, a significant
difference in TBPI and absolute toe pressures was also found between monophasic and

monophasic continuous waveforms.

6.3.7 Relationship between risk factors and haemodynamic parameters

The association between haemodynamic parameters diabetes, age and smoking were further

analysed. The results are presented in the following sections.

6.3.7.1 Diabetes and haemodynamic parameters

The association between diabetes and ABPI, ABPI*, TBPI and absolute toe pressures was

investigated by the Kruskal-Wallis test.

95% CI for
Median IQR1 IQR3 Mean
Lower Upper N P value
| I | I I I |
ABPI* Diabetes 0.63 0.53 0.73 0.59 0.66 82 0.04
No Diabetes 0.56 0.47 0.68 0.50 0.61 43
ABPI Diabetes 0.69 0.56 0.91 0.69 0.81 104 0.012
No Diabetes 0.62 0.51 0.78 0.51 0.65 46
TBPI Diabetes 0.40 0.30 0.53 0.37 0.44 103 0.035
No Diabetes 0.37 0.28 0.44 0.28 0.38 46
Absolute  Diabetes 60.5 45 83 55.73 65.15 103 0.05
toe
pressure  No Diabetes 54.5 38 70 42.54 58.33 46
mmHg

Table 6.18 Differences in haemodynamics between participants with diabetes and without
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The results show (table 6.21) that participants with diabetes had significantly higher
haemodynamic parameters (ABPI, ABPI*, TBPI and absolute toe pressures) compared to those

without diabetes (p=< 0.05).

6.3.7.2 Age and haemodynamic parameters

The correlation between age and haemodynamic parameters at baseline was assessed using the
Spearman correlation test (Table 6.19) since ABPI and TBPI data did not have a normal
distribution (Shapiro Wilk test, Appendix 11).

Spearman’s rho P value
I |
Age ABPI 0.072 0.382
(n=150) ABPI* (n=125) -0.153 0.139
TBPI -0.174 0.033
Absolute toe pressures -0.235 0.004

Table 6.19 correlation between and haemodynamic parameters and age

The results indicate that age was significantly correlated with TBPI and absolute toe pressures
(p=<0.05), where as age increased, the TBPI and absolute toe pressures decreased. No

significant correlation was found in ABPI and ABPI* readings.

6.3.7.3 Smoking status and haemodynamic parameters

The haemodynamic parameters of participants having different smoking status were compared
(Kruskal-Wallis) and presented in the table 6.20. Further smoking parameters (duration of
smoking and pack years smoked) for both smokers and ex-smokers were also assessed in
relation to haemodynamic parameters (tables 6.21 and 6.22) using the Spearman correlation

test.
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Haemodynamics Smoking status N  Median IQR1 IQR3 Lower Upper P
bound bound value
1 I 1 1 I I
ABPI* Current Smoker 51 0.59 0.51 0.69 0.54 0.63 0.903
Ex- Smoker 48 0.63 0.52 0.75 0.55 0.66
Never smoked 26 0.64 0.52 0.7 0.52 0.67
I I I 1 I
ABPI Current Smoker 55 0.63 0.54 0.78 0.58 0.72 0.291
Ex-Smoker 62 0.66 0.30 0.04 0.63 0.79
Never smoked 33 0.69 0.56 0.92 0.62 0.88
1 I 1 1 I
TBPI Current Smoker 55 0.4 0.25 0.51 0.32 0.41 0.06
Ex-Smoker 62 0.41 0.34 0.52 0.38 0.46
Never smoked 33 0.33 0.18 0.45 0.28 0.41
1 I 1 | I
Absolute toe Current Smoker 55 54.7 37 85 4788 61.56 0.341
pressure
Ex-Smoker 62 60.9 48.2 78.5 55.16 66.75
Never smoked 33 54 335 73 4443  65.33

Table 6.20 Differences in haemodynamic parameters by smoking status

Results show that there was no significant difference in haemodynamic parameters between

current smokers, ex-smokers and those who never smoked since the p-values exceeded the 0.05

criterion.
Haemodynamics Ex-smokers Mean SD Correlation P value
N=62 coefficient

ABPT* Duration (years) 40.7 9.9 0.049 0.74
Pack years 72.5 43.6 -0.201 0.167

ABPI Duration 40.7 9.9 0.055 0.67
Pack Years 72.5 43.6 0.014 0.92

TBPI Duration 40.7 9.9 -0.164 0.20
Pack Years 72.5 43.6 -0.17 0.187

Absolute toe Duration 40.7 9.9 -0.151 0.243
pressure Pack years 725 43.6 -0.108 0.40

Table 6.21 Correlation between smoking parameters and haemodynamic parameters in ex-smokers

Table 6.21 shows that among the ex-smokers (n=62), There was no significant correlation

between duration of smoking or pack years smoked and haemodynamic parameters.
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Haemodynamics Current Mean SD Correlation P value

smokers Coefficient

N=55

ABPI* Duration (years) 453 14.1 -0.190 0.181
Pack years 54.8 433 -0.180 0.21
ABPI Duration 453 14.1 -0.029 0.837
Pack Years 54.8 433 -0.269 0.049
TBPI Duration 453 14.1 -0.057 0.68
Pack Years 54.8 43.3 -0.039 0.776
Absolute toe Duration 453 14.1 -0.14 0.31
pressure Pack years 54.8 433 -0.034 0.803

Table 6.22 Correlation between parameters and haemodynamic parameters in current smokers

Results show (table 6.22) that among current smokers (n=55), as smoking duration and pack
years increased, ABPI*, ABPI, TBPI and absolute toe pressures decreased, demonstrated by
the negative correlation coefficient. This relationship was statistically significant only for ABPI

(including calcified arteries) and pack years smoked (p=0.049).

6.3.8 Analysing disease location

In 132 participants, the disease location at recruitment was recorded as reported by the vascular
surgeon in the duplex scans. This section presents an analysis of the disease location in relation
to haemodynamic parameters, followed by an analysis of the disease location in relation to

diabetes.

6.3.8.1 Disease location and haemodynamic parameters

The association between haemodynamic parameters and disease location was assessed using

the Kruskal-Wallis (table 6.23).
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95% Conf Int

Haemodynamics Disease Location N Median IQR1 IQR3 Lower Upper P
Bound bound Value

ABPI* Aortoiliac 17 0.56 0.46 0.61 0.42 0.59 0.221
Femoropopliteal 86 0.57 0.52 0.71 0.55 0.62
Infrapopliteal 54 0.61 0.53 0.71 0.53 0.64
I I I I I
ABPI Aortoiliac 18 0.56 0.47 0.61 0.44 0.62 0.048

Femoropopliteal 101 0.63 0.54 0.79 0.61 0.73
Infrapopliteal 67 0.68 0.56 0.84 0.64 0.82

TBPI Aortoiliac 18 0.31 0.13 0.39 0.22 0.36 0.123

Femoropopliteal 101 0.37 0.27 0.47 0.33 0.39

Infrapopliteal 67 0.38 0.28 0.51 0.33 0.41
| I I | I
Absolute toe ~ Aortoiliac 18 46.5 38 64 35.06 56.17  0.211
pressures )
Femoropopliteal 101 57 38.5 73 49.24 58.52
Infrapopliteal 67 57 42 73 49.83 61.54

Table 6.23 Disease location and haemodynamic parameters

The results (table 6.23) show that the ABPI reading prior to excluding calcified arteries differs
significantly according to the location of disease (p=0.048). A post hoc analysis using the
Tukey test by pairwise comparison (Appendix 10) demonstrates that the ABPI was
significantly higher when there was infrapopliteal disease compared to when disease was
present in the aortoiliac segment. There was no significant difference in the other

haemodynamic parameters according to disease location.

6.3.8.2 Disease location and diabetes
Since diabetes is associated with a more distal presentation of arterial disease (Jude et al.,

2001), the location of arterial disease was analysed in relation to diabetes by performing the

Chi square test.
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Table 6.24 Disease Location and Diabetes

Diabetes No diabetes Total
Disease Aortoiliac Count 9 9 18
LLsezinie % within Diabetes 7% 15.5% 9.7%
Femoropopliteal Count 64 37 101
% within Diabetes 50% 63.8% 54.3%
Infrapopliteal Count 55 12 67
% within Diabetes 43% 20.7% 36%

XZ (2) =9.868, p=0.007

The crosstab shows that there was a higher proportion of participants with disease located in

the femoropopliteal and aortoiliac segments in the group without diabetes compared with the

group living with diabetes, while a significantly higher proportion of participants with

infrapopliteal artery disease was observed in the group living with diabetes compared to those

without diabetes (p=0.007).
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6.3.9 A comparison of participant characteristics with previously published data

The results obtained in the current study were compared to those published in the
PREPARED UK study (Khan et al., 2007). This analysis was of interest since there is a lack
of epidemiological data on the Maltese population in relation to PAD associated parameters.
Consequently, local health policies are generally based on published data comprising
populations from other countries. Therefore, this analysis aimed to assess whether the local IC
population differs from the UK IC population. The PREPARED UK study was chosen since
the cohort of participants is similar to the present study in terms of recruitment (IC patients
referred to the vascular surgery unit) and similar characteristics to those observed in the current

study were reported, thus enabling comparison.

The participant characteristics at recruitment of both studies were first compared using the one-
sampled t-test, the difference in two population proportions test and the Wilcoxon signed rank test
to assess whether significant differences between cohorts exist (table 6.28). The characteristics
which were found to have a statistically significant difference between the two populations are
highlighted in bold. Significance level was adjusted to 0.003 according to the Bonferroni
correction. This is followed by an analysis of medications prescribed to the participants (table
6.29, significance level set at 0.006) together with an analysis of the blood parameters recorded
at recruitment (table 6.30, significance level set at 0.007). A summary of the results is presented

at the end of this section.

In the previous sections in this chapter, the haemodynamic and blood test data were presented
as median and IQR since the data did not have a normal distribution. However, the PREPARED
UK study reported means and standard deviations for some of the data therefore these were

calculated to enable comparison.
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6.3.9.1 Comparing baseline characteristics between cohorts

Table 6.25 Baseline characteristics Current study VS PREPARED UK data

Characteristic Current study | PREPARED UK p-value
N=150 (N=478) | Test statistic
Age at enrolment, mean (SD)* 69.7 (9.3) 68 (9.7) 1.7 0.03
BMI, mean (SD)* 27.8 (4.3) 26.5(4.4) 1.29 <0.0001
Gender Female n (%)*** 9 (14.8%) 159 (33.3%) -6.5 <0.001
Male n (%)*** 52 (85.2%) 319 (67.7%) -6.97 <0.001
Claudication distance m, mean 138.6 (115.5) 150 -13.8 0.13
(SD)*
Ho of Diabetes n (%)*** 104 (69.3%) 96 (15%) 18.52 <0.001
Ho of hypertension n (%)*** 129 (86%) 265 (55%) 7.55 <0.001
Ho of hyperlipidaemia n 116 (77.3%) 206 (43%) 8.41 <0.001
(%)***
Systolic blood pressure mmHg 149.96 (22.3) 154.7 (23.6) -4.74 0.01
mean (SD)*
Ho of renal disease n (%) 47 (31.1%) *x *x ok
Prior MI n (%)*** 29 (19.3%) 69 (14%) 1.44 0.15
Ho cardiac disease n (%)*** 61 (40.7%) 141 (29%) 2.55 0.011
Prior Cardiac intervention n 58 (38.7%) 44 (9%) 12.55 <0.001
(%)***
Prior CVA n (%)*** 15 (10%) 35 (7%) 1.057 0.29
Smoking  Current*** 55 (36.7%) 185 (39%) -0.445 0.65
Ex-smoker®** 62 (41.3%) 221 (46%) -0.215 0.29
Never smoked*** 33 (22%) 57 (12%) 3.07 0.002
ABPI Overall mean (SD)* 0.81 (0.32) 0.73 (0.17) 0.077 0.004
ABPI* mean (SD) 0.6 (0.14) * o **
ABPI mean (SD) 0.71 (0.32) o * *x
TBPI mean (SD) 0.38 (0.17) *x *x ok
Absolute toe pressures (mmHg) 57.4 (24.2) ok *ok ok

* one-sample T-test, test statistic: mean difference, ** not investigated in PREPARED UK study, ***
Difference in two population proportions test, test statistic: z-score
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Results show that in the current study, participants were significantly more obese and more
predominantly male than those recruited in the UK study (p=<0.003). There was a significantly
larger proportion of participants living with diabetes, hypertension, hyperlipidaemia and prior
cardiac intervention in the current study population compared to the PREPARED UK
population (p=<0.001).

6.3.9.2 Comparing medication use between cohorts

Table 6.26 Baseline medication Current study VS PREPARED UK data. Difference in two
population proportions test

Medication Current study PREPARED UK  |Z score p-value
N=150 N=478
Antiplatelet therapy 112 (74.7%) 335 (70%) 1.15 0.28
Anticoagulant therapy 12 (8%) 17 (4%) 2.26 0.02
Not taking antiplatelet or 31(20.7%) 143 (30%) -2.21 0.03
anticoagulant
Statin 113 (75.3%) 212 (44%) 7.65 <0.001
ACE inhibitor 72 (48%) 123 (26%) 6.05 <0.001
Beta blocker 12 (8%) 85 (18%) 23.48 <0.001
Calcium channel blocker 36 (24%) 108 (23%) 0.357 0.72
Angiotensin II antagonist 22 (14.7%) 32 (7%) 37.44 0.002

Results show that in the current study population there was a significantly greater proportion
of participants taking, statins, ACE inhibitors and Angiotensin II antagonists but fewer taking
beta blockers when compared to the PREPARED UK participants (p=<0.006). There was no
significant difference in the proportion of participants taking antiplatelet therapy (p=>0.006).
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6.3.9.3 Blood parameters in the current study and PREPARED UK study

Table 6.27 Baseline blood results Current study VS PREPARED UK data

Blood results

eGFR n=150

Cholesterol n=150 Median (IQR)
mmol/L***

Triglyceride n=150 Median (IQR)
mmol/L***

HDL Cholesterol n=150 Median
(IQR) mmol/L***

Non HDL Cholesterol n=150 Median
(IQR) mmol/L***

LDL Cholesterol Median (IQR)
mmol/L***

Total Cholesterol Mean (SD)
mmol/L*

Fasting Glucose Median (IQR)
mmol/L n=115%**

HbAlc n=150 Median (IQR) %***

Creatinine n=150 Median (IQR)
mmol/L***

CRP Median (IQR) ***

ESR n=136 Median (IQR)

Current | PREPARED Test p-value
study UK statistic
79 ksk ksk ksk
(54.7,97)
431 ksk sk *%
(3.6,5.1)
1.43 1.7 -1.723 0.086
(99,2.03) (1.25, 2.85)
n=266
1.17 1.4 (1.1,1.5) -5.435 <0.001
(0.93,1.4) n=180
304 ksk kok %%
(2.35,3.9)
2.27 3.2(2.3,4) -7.31 <0.001
(1.6,2.9) n=112
3.88 (1.33) 54(1.2) -1.5 <0.001
n=351
7.55 5.3 (4.8) 3.02 <0.001
(5.9.,9.9) n=265
6.6 (5.8,7.6) woE ok ok
82 98.9 (27.4) 4.3 0.48
(69.5,113.5) n=323
22(1.1,54) 5(5,6.5) -3.85 <0.001
n=139 n=68
136 (16.46) ok ok ok

* one-sample T-test, test statistic: mean difference, ** not investigated in PREPARED UK study, ***
one-sample Wilcoxon signed rank test, test statistic: z-score

Results show that the study population of the current research had significantly lower HDL,

LDL and total cholesterol levels and CRP but higher fasting glucose levels compared to the

UK study population. There was no significant difference in creatinine and triglyceride levels

between the two study populations.
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6.4

Summary of main results of Study 3

The characteristics of patients with IC were:

Predominantly male (79.3%), obese (BMI 27.8) with a mean age of 70 years.

Over 69% of participants had main risk factors for PAD (Diabetes 69.3%,
hypertension 86%, hyperlipidaemia 77.3% and smoking history 78%).

The median haemodynamic parameters of the symptomatic limbs were ABPI 0.66
(IQR 0.55,0.81) (ABPI* was 0.62 (IQR 0.53,0.74) when excluding calcified arteries),
TBPI 0.38, absolute toe pressure S8mmHg and claudication distance of 150m and these
were significantly correlated with each other and with Doppler waveforms (p=<0.01).
More men smoked than women (p<0.001)

A significantly higher proportions of participants with diabetes were taking statins
and antiplatelet therapy compared to participants without diabetes (p<0.05).

Duplex scans showed that the most common location of disease was the
femoropopliteal segment followed by the infrapopliteal artery segment. Infrapopliteal

artery disease was significantly associated with diabetes (p=0.007).

The medication use in patients with intermittent claudication:

Approximately 75% of the participants were taking statins and anti-platelet
therapy.
A total of 20.7% participants were not taking any antiplatelet or anti-coagulant
therapy.
The most common anti-hypertensive drugs prescribed among the participants were

Ace inhibitors followed by calcium channel blockers.

A comparison of the Maltese population with IC with UK IC population

The Maltese participants were significantly more obese and more predominantly
male than those recruited in the UK study.

There was a significantly larger proportion of participants having main risk factors
(diabetes, hypertension, hyperlipidaemia) in the current study population compared to
the UK population with IC.

Participants in local study had significantly lower HDL, LDL and total cholesterol

levels, when compared to the UK counterparts (p=<0.001). In this context, there was
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significantly higher proportion of participants in the current study who are taking
statins when compared to the UK participants (p=<0.001).

In both studied populations, approximately 1/3 of the participants were not taking
antiplatelet therapy. It should be noted that the PREPARED UK study was conducted
over 10 years prior to the current study. It could be that the noted improved medication
control could be attributed to improvement of international recommendations over the
years.

ACE inhibitors and Angiotensin II antagonists are more commonly prescribed in
the local studied population as anti-hypertensive medication when compared to the
PREPARED UK population. Mean systolic blood pressure was >140mmHg in both
studies. Beta blockers are more commonly used in the UK study population compared

to the population in the current study.
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6.5 Discussion

This study sought to develop a prospective registry of patients with IC in Malta and establish
the patient characteristics of this population. This study is the first of its kind in Malta since to
date, local data on patients with IC was not available. The data also portrays that populations
with IC may differ in risk factor prevalence and patient characteristics, highlighting the need
of more individual consideration of risk during clinical management, rather than applying

international guidelines for all.

6.5.1 Risk factor prevalence

At baseline, the cohort of the current study had, a mean age of 70 years and the prevalence of
diabetes, smoking and dyslipidaemia were 69%, 78% and 77% respectively. The prevalence of
the main risk factors (diabetes, hypertension, hyperlipidaemia, a history of CHD, older age,
BMI) in the cohort of this research was found to be significantly higher than that reported in
previously published studies investigating similar cohorts (Safley et al., 2011; Stansby et al.,
2011). The reason could be attributed to the high prevalence of diabetes and cardiovascular
disease present in the Maltese population, as discussed in Chapter One. The current study was
conducted in a southern European country (Malta) where the national prevalence of diabetes is
13.8% and the age adjusted comparative prevalence is 9% (Ogurtsova et al., 2017), distinctly
higher than other European countries. Furthermore, according to the latest country health
profile conducted by WHO, cardiovascular disease and the associated risk factors is also higher

in Malta than in other European countries (OECD., 2018).

The TASC and AHA documents proposing the 5-year prognosis of 5-10% development of CLI
in a population of IC, do not present detailed information on the various risk factor prevalence
rate of participants at baseline, therefore they cannot be compared to the current data. However,
most studies on which the document is based (Fowkes et al., 1992; W. Kannel & McGee, 1985;
McDaniel & Cronenwett, 1989; Murabito et al., 1997; Price et al., 1999; Weitz et al., 1996) are
derived from northern European countries or the United states, where the rates of diabetes at

the time ranged from 2-4% (NCD Risk Factor Collaboration, 2016).
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The risk of PAD and disease progression associated with diabetes is well known. The duration
of diabetes mellitus, glycated-haemoglobin levels and use of insulin are significantly associated
with worsening PAD (Althouse et al., 2014; Kallio et al., 2003; Tseng, 2003). Additionally,
individuals with PAD and diabetes were 5 times more likely to have an amputation when
compared with individuals without diabetes (Jude et al., 2001). Furthermore, it is well known
that the presence of known risk factors is independently associated with the development of
CLI, and when combined, the risk is cumulative (Norgren et al., 2007). The cumulative effect
of multiple risk factors is thought to have a significant effect on developing PAD. In fact, a
large retrospective study on 7,057 PAD subjects concluded that one CV risk factor increased
the risk of PAD by a mean of 1.5- fold, whilst the cumulative effect of three or more risk factors
increased the risk of PAD by ten-fold (A. Nicoloff et al., 2002).

It may therefore be postulated that the high prevalence of risk factors at baseline, particularly
diabetes, in the cohort of the current study, may be higher than the prevalence of risk factors
among the participants in the studies included in the TASC and AHA documents, and may
contribute to a different deterioration rate in this cohort. These results also highlight the fact
that characteristics of IC patients may differ across populations and this notion needs to be

acknowledged in international guidelines.

6.5.2 Haemodynamic profile of patients with IC

This cross-sectional observational study demonstrated that patients with IC had low median
haemodynamic parameters of the symptomatic limbs - ABP10.66 [IQR 0.55, 0.81], TBP10.38,
absolute toe pressure S8mmHg and claudication distance of 150m, and these were significantly
correlated with each other and with Doppler waveforms (p=<0.01). There were no studies
investigating IC patients which have reported TBPI or waveforms at baseline, therefore
comparisons with previous studies can only be made with ABPI readings. In order to compare
results with previously published works, who most commonly reported mean data, the mean
and standard deviation of the haemodynamic parameters observed in the current study were

also calculated and are presented in Appendix 10.
Comparing the baseline ABPI found in the current study with previous published studies is

difficult due to the heterogeneity with which ABPI was calculated and reported among studies.
The mean baseline ABPI of the current study (0.71 SD £0.3) is similar to that observed in the
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CAVASIC study (B. Rantner et al., 2017) who reported a mean ABPI of 0.72 in a population
of patients with IC. In their study the authors reported the lowest ABI value from the 4
calculated ratios (two for each foot using DP artery and PT artery), without defining of whether
the limb was symptomatic or not in cases who had unilateral IC. A lower mean ABPI of 0.62
(SD 0.21) was reported in a study conducted in a cardiovascular hospital (Kumakura et al.,
2016) but it is not clear how this was calculated. The comparison of the results observed in the
current study with the data reported in PREPARED UK study (Stansby et al., 2011) indicated
that the authors used the overall ABPI including asymptomatic limbs, yielding an ABPI 0of 0.73
which was significantly lower than the overall ABPI reported in the current study (0.81,
p=0.004). It is however not feasible to use overall ABPI which includes asymptomatic limbs

when evaluating IC symptoms.

In this cross-sectional study, the ABPI of the symptomatic limb (or most symptomatic limb

reported by the patient) was of interest for baseline evaluation rather than including both limbs.

Of note, the median ABPI of the symptomatic limb was further assessed by excluding readings
from known calcified arteries which may falsely increase the ABPI levels (Formosa et al.,
2013) as discussed in Chapter 2 in this thesis. This study found that the median ABPI decreased
to 0.62 (IQR 0.53,0.74) when calcified arteries were excluded from the analysis. These results
cannot be compared with previous data since to the author’s knowledge there are no similar
studies which have investigated changes in ABPI after excluding calcified arteries. An ABPI
of 0.7 or lower has been associated with a 2-fold increased risk of deterioration to CLI (Jaff et

al., 2015), indicating that the cohort recruited for this research fall within this category.

While the results of this study confirm previous affirmations (Formosa et al., 2013) of the
influence of arterial calcification on ABPI readings, they also highlight the benefits of using
TBPI to evaluate PAD since it is affected less by MAC and can be effectively used as a
predictor of adverse events (Chisalita et al., 2020). These results also emphasise the risky
situation of patients with IC at baseline with regards to lower limb perfusion, justifying the

need for further research related to the prognosis of this population.
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6.5.3 Gender prevalence

The results show that the cohort with IC in this study is predominantly male with the vast
majority of recruited participants being men (79.3%). The proportion of men in this research
is higher with that reported in the PREPARED UK study (Stansby et al., 2011) but is in
agreement with several previous works investigating PAD who report a higher proportion of
men recruited in the respective studies (Kumakura et al., 2016; B. Rantner et al., 2016; B.
Rantner et al., 2017). In this context it has been suggested that PAD is commonly identified as
a male-dominant disease (Schramm & Rochon, 2018). Although there are theories that suggest
that the prevalence of PAD among women is lower than in men because of oestrogen protection
(Westendorp et al., 2000), it is also postulated that women have different presentation of
symptoms, more commonly asymptomatic which leads to a delayed diagnosis. It has also been
suggested that women are less likely to report physical symptoms compared to men (Schramm
& Rochon, 2018).

However, the prevalence of PAD amongst women increases after menopause and the risk of
developing IC is determined by the risk factors present during that period (Daviglus et al.,
2004). The main risk factors for the development of PAD are shared between both sexes
(Mendis et al., 2011). In this study, more men had diabetes, a prior MI and a history of smoking.
However, it has been suggested that women with IC, although generally are fewer in number,
have a higher risk than men in progression of disease and have increased functional impairment

(Schramm & Rochon, 2018).

6.5.4 Diabetes

Although not statistically significant (significance level was set at 0.003 following the
Bonferroni correction), the results in this study demonstrate that the participants with diabetes
had higher median ABPI levels compared to participants without diabetes (0.69 and 0.62
respectively, p=0.012). The haemodynamic parameters were also higher in the group with
diabetes when calcified arteries were excluded and when TBPI levels were compared (p=0.04
and p=0.035 respectively). It is possible that participants with diabetes are better monitored
during their diabetes consultant visits and receive better vascular care than participants without
diabetes. On the other hand, participants without diabetes who have PAD may only seek
medical help when symptoms arise, possibly later in the course of the disease (Argyriou et al.,

2013). Individuals living with diabetes may therefore be referred for specialist vascular care
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earlier in the course of the disease than participants without diabetes, which may have

contributed to the results observed.

6.5.5 Disease Location

In agreement with previously published works (Greenhalgh, 2008; Mazari et al., 2017; van den
Houten et al., 2019), this study demonstrated that the most common location of arterial disease
among the cohort of participants with IC was the femoropopliteal segment. This study has also
shown that there was a significantly higher proportion of participants with diabetes having
infrapopliteal disease compared to those without diabetes. This is also in agreement with
published literature where diabetes is associated with a more anatomically distal distribution
of the disease, that is, distal to the knee, when compared with people living without diabetes

(Haltmayer et al., 2001).

Typically, infrapopliteal artery disease has been associated with worse prognosis and a higher
risk of death and major amputation with more challenging revascularisation procedures when
compared to above knee disease (Gray et al., 2010; Neupane et al., 2018). The importance of
diabetes in this group of individuals is therefore highlighted, indicating an increased risk of

WOTISe prognosis.

6.5.6 Medication profile

The cross-sectional data evidenced in the current study has shown that medical management
of the cohort was suboptimal. Serum cholesterol levels were above recommended targets
(Saratzis et al., 2019), a high proportion had systolic brachial pressure above 140mmHg and
recommended best medical therapy was lacking in more than a quarter of the participants.
These results are comparable with previously published studies (Khan et al., 2007; Reinecke
et al., 2015) which highlight that oral therapy in IC patients does not reach the recommended
standards in published guidelines. Poor adherence to recommended guidelines regarding
medical optimisation for patients with IC is higher among health practitioners who are not

vascular surgeons (Chaar et al., 2020).

In part because of the absence of or atypical symptoms, PAD is poorly understood by the

public, underdiagnosed in the primary care setting and patients rarely receive the optimal
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treatment (Hirsch et al., 2006). These results therefore emphasize the need for further
awareness among health practitioners about the benefits of oral medication and the

consequences of poor medical management of risk factors in patients with IC.

6.5.7 Clinical implications

The results of this registry confirm that the main risk factors for PAD are highly prevalent in
this population of patients with IC and emphasise the seriousness of IC as a symptom of PAD.
As compiled in the TASC document and expounded in the literature review in this thesis
(Chapter 2), diabetes increases the risk of deterioration to CLI by 4 times, smoking by 3 times,
dyslipidaemia, >65 years of age and an ABPI <0.7 by 2 times. The high proportion of risk
factors reported in this registry, together with the low ABPI observed, indicate that patients
with IC are at an increased risk of morbidity even at the time of first encounter in a primary
health clinic. Therefore, better monitoring of this cohort is warranted in order to detect
deterioration at an early stage, enabling immediate treatment modification. Additionally, early
identification of those who are at a higher risk of deterioration would help in making informed

clinical decisions relating to the management plan.

The higher proportion of risk factors observed in this study, compared to a UK based study
(Safley et al., 2011) also highlights the need for a more individualised prediction of disease in
patients presenting with IC. While IC is assumed to have a benign prognosis for the affected
limb in published literature (S. M. Conte & Vale, 2018), this assumption was based on
population studies with lower risk factor prevalence, particularly diabetes. It is possible that
disease progression is therefore underestimated in populations where associated medical risk
factors are more prevalent, suggesting that a more threatening prognosis may be more relevant

in such populations.

Results of this cross-sectional study demonstrate that patients with PAD are not provided
optimal medical therapy in primary health. Poor medical management is associated with an
increased risk of major adverse cardiovascular events, indicating that better awareness is

required among health practitioners working in the primary health sector.
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6.5.8 Impact of the study on the local clinical practice

The results of this registry were presented in a primary healthcare conference (Malta)
[The need for improvement in the diagnosis and management of patients with IC in
primary care- Comprehensive Primary care, 9" biennial Primary Care Conference,
Malta. October 2017] and in the Malta Medical school conference [Intermittent
claudication referral patterns in Malta — 10" Malta Medical School conference, Westin
Dragonara Hotel, Malta, November 2018, also published in the Malta Medical
Journal (30): Suppl December 2018. Pg 119]. This raised awareness, principally
among primary health GPs but also with other care providers. In these presentations,
the suboptimal use of medical therapy, namely statins and anti-platelet medication
among patients with IC was emphasised and the importance of haemodynamic analysis

prior to referral was highlighted.

Data from the registry indicate that the changes proposed following the scoping study
resulted in improvement in terms of an increase in number of referrals of patients with
IC in 12 months. Fewer incorrect referrals were also observed since and an increased
number of patients were being referred to the new Claudication Clinic within the
vascular clinic in the podiatry department which was a new service for patients with
IC. The idea to initiate the new Claudication Clinic in primary health emerged from
findings of the work presented in this thesis and was developed by the author with the

support of the Lead vascular surgeon and management of primary healthcare.

Since all the referred patients were assessed by haemodynamic analysis for the purpose
of'this study within two weeks of referral, several benefits were achieved for the patient.
Firstly, since a detailed report including vascular assessment of each participant was
sent to the vascular surgeon, better triaging could be done using the report rather than
the limited information on some of the referrals which were previously sent. This
resulted in more timely appointments provided to the patients according to their severity
of disease. Those who were assessed as potential participants and were found to have
normal peripheral perfusion were immediately contacted by the vascular surgeon and
referred back to the GP to consider alternative diagnosis. This way they did not have to
wait 18-24 months to be assessed and also did not take important appointments with

the vascular surgeon unnecessarily. Secondly, those who were not taking the
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recommended medical therapy were referred to the GP by the author immediately
instead of having to wait for 18-24 months to be assessed by the vascular surgeon due
to the long waiting time for this sole clinic in the island. Thirdly, the author alerted the
vascular surgeon about those who were found to be severely ischaemic through an
urgent referral and an appointment was provided within a week. These clinical benefits
resulted in better patient care for patients with IC and it was therefore agreed upon to
adopt this system even after the research was finalised, thus bringing about a change in

current clinical practice.

e Excerpts of this study indicating the impact of the misdiagnosis of IC were submitted
as an abstract to the College of Podiatry conference (Liverpool) 2017. This abstract
obtained the highest number of points among submitted abstracts and was awarded the
‘Jewel in the Crown’, a prestigious award as best and innovative abstract in the
conference. It was presented as an oral presentation in the plenary session of the
conference, increasing awareness related to the benefits of comprehensive
haemodynamic analysis, including Doppler analysis, ABPI and TBPI measurements

prior to referral to the vascular surgeon in patients with IC.

6.5.9 Strengths and potential study limitations

Allocation concealment was applied in this study, meaning that the author did not know the

management plan for the participants and this therefore could not influence recruitment.

All eligible participants agreed to participate in the study.

Age distribution, DM prevalence and patient characteristics may vary between countries
(Behrendt et al., 2018). However, despite limitations inherent to use of data gathered from one
country, the findings of this study are important and indicate that further research is required

to improve limb salvage in different demographic settings.

Referral bias may occur when recruitment is done from a referral center, possibly leading to
overestimation of disease severity. However, efforts were done to minimize this possibility
through communication with the referrers (following the scoping study), encouraging GPs and
podiatrists to refer all patients with IC encountered within primary care clinics while also

highlighting the detrimental consequences associated with late or no referral. Nonetheless, the
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cohort recruited in this study represents typical patients seen by vascular specialists as was

intended for this study.

In this study claudication distance was derived from the walking impairment questionnaire
where distance was self reported and which was found to correlate well to objective measures
of walking distance (Frans et al., 2013). While some authors suggest that measuring
claudication distance using a treadmill may be more accurate (van den Houten et al., 2019), the
implementation of this technique was not viable for this study for the following reasons:

e this research aims to evaluate prognostic clinical factors for development of CLI which
can be identified in a real life clinical setting. The use of treadmill measures is generally
employed in research labs and not clinical practice and would therefore be of limited
use in this study since it is not a measure commonly employed in a clinical setting. This
approach was also employed by previous researchers (Khan et al., 2007) in a similar
prospective registry investigating characteristics of patients with PAD referred to
vascular clinics in the UK.

e Measure of claudication distance using a treadmill is contra-indicated in patients with
cardiac disease unless appropriate cardiac monitoring is undertaken with the
instructions of a cardiologist, nurse and physiotherapist. It was not feasible for this
study to apply such an approach for the participants with known cardiac disease due to
limitation of resources to book the personnel for the purposes of the study.

e Additionally, given that patients with IC are at an increased risk of CV disease, there
was the possibility that some patients were living with cardiac disease unknowingly,

hence it would have been unsafe to use the treadmill measure on this cohort.

While objective testing of walking distance using standardised methods has less risk of
reporting bias, nevertheless, symptoms reported by the patient are considered as the most
important stimulus for considering revascularisation in claudication (Amighi et al., 2004).
Furthermore, since this study aims to assess factors obtained in a real life clinical setting, self-

reported claudication distance using a validated questionnaire was feasible.

Limitations inherent to ABPI due to arterial calcification are well known (Formosa et al.,
2013), however this was overcome by using TBPI and Doppler waveform analysis together
with ABPI as analysis of PAD severity, a method which demonstrates better reliability as
diagnostic measures of PAD (Azzopardi et al., 2019; Chisalita et al., 2020). Additionally, the
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presence of PAD was further confirmed following assessment by Duplex scanning by the

vascular surgeon.

6.6 Conclusions

This study aimed to develop a prospective registry of patients with IC, whilst evaluating the
characteristics of this population. The data from this registry highlight the important role of
associated risk factors of PAD as coexisting mechanisms in the disease process of IC. The
possible diversity of patient characteristics among different populations of patients with IC is
also emphasised indicating the need for further evaluation of the outcomes of IC in relation to

the baseline characteristics of the individual patient.
The study presented in next Chapter (Chapter Seven, Study 4) details an extensive two-year

follow up of this patient cohort to evaluate the impact of their baseline factors on the

progression of PAD and possibly identify prognostic factors in those who develop CLI.

174



CHAPTER SEVEN

‘Most physicians are familiar with patients who had intermittent claudication for many
vears without developing gangrene or any other serious cardiovascular catastrophe,
but they also recall others who, within a short time of presenting with claudication,
have lost a limb or suffered a myocardial infarction or had a cerebrovascular accident.
Such patients are remembered, but it is difficult to obtain accurate data on what

happens to the majority of patients who present with intermittent claudication.’
(Richards, 1957 p.1093)

Study 4 - Identifying prognostic factors for development of CLI in patients with

IC. A prospective cohort longitudinal observational study.

7.1 Introduction

For the vascular surgeon to make an informed clinical decision related to management in
patients presenting with IC, knowledge of the disease progression and prognosis of the
individual patient is crucial (M. S. Conte et al., 2019). As highlighted in the systematic review
(Study 1) (Mizzi et al., 2019) presented in Chapter Four, the progression rate of PAD in patients
with IC is not clear in published literature. Furthermore, while some factors such as diabetes,
an ABPI less than 0.5 and a smoking history have been associated with an increased risk of
deterioration, this information is insufficient to accurately identify those who are more likely
to deteriorate and hence would benefit from preventive revascularisation. Identification of
patients who are at risk of developing CLI would support clinical decision making for early
intervention in those who are more likely to deteriorate, subsequently reducing their risk of
future morbidity. This study therefore aimed to identify common patterns, if any, among

participants who developed CLI within two years.

Study 3 presented in Chapter six provided the foundation for Study 4, a prospective
longitudinal study where 150 participants were recruited and followed for two years with a
follow-up assessment every 12 months. The methodology and methods for this study are
presented in detail in Chapter five. The outcome of the participants was recorded at each visit
in terms of major adverse cardiovascular events (MACE), adverse lower limb events (CLI),

haemodynamic measures and WIQ questionnaire. In this study baseline data were analysed for
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association with outcomes and potential identification of predictive factors for development of

CLI within 2 years.

7.2 Aim and objectives of the study

The aim of this study was to identify patterns, if any, of characteristics and risk factors among
participants with IC who develop critical limb ischaemia within two years. The information
from this study was applied to help determine the possibility of identifying which patients are

more likely to benefit from early revascularisation to avoid the development of CLI.

7.2.1 Objectives

The objectives of this study were to:
e Assess outcomes of patients presenting with intermittent claudication over a 2- year

period

e To identify factors associated with higher risk of lower limb events including need

of revascularisation, minor /major amputation, gangrene and ulceration

e To identify factors associated with significant haemodynamic deterioration

7.2.2 Research question

This study aims to answer the question:

Are there common predictors among patients with intermittent claudication who

progress to critical limb ischaemia over a 2-year period?

The research hypothesis is therefore:

H;: Patients with IC who progress to critical limb ischaemia have a common pattern of

predictive factors.

Ho: Patients with IC who progress to critical limb ischaemia do not have a common

pattern of predictive factors.
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7.3 Methods

A detailed discussion and description of the methods employed for this study have been
presented previously in Chapter five. As described therefore, this study employed a prospective
observational longitudinal study design where new consecutive referrals of patients with IC to

a vascular unit were followed for 2 years with a review every 12 months.

Ethical approval was obtained, together with consent processes and permissions to access
patient data, as detailed in Chapter Three. The study protocols employed for haemodynamic
analysis (Doppler waveform analysis, ABPI and TBPI) and WIQ are also detailed in Chapter

Five.

During follow-up visits, at 12 months and 24 months, haemodynamic analysis (Doppler
waveform assessment, ABPI and TBPI) was performed and the WIQ score was also recorded
at each visit. Data related to participant outcomes was retrieved both verbally from the
participants and verified by accessing the patient database within the vascular unit. Blood
results were retrieved from iSoft clinical software which is a system used by the national health
service where each participant can be identified using a unique identification number. After
recruitment and during the whole study, the researcher had access to the diagnostic notes and
duplex scan reports performed by the vascular surgeon in order to confirm treatment plans and
outcomes. Reports and dates of any intervention, hospitalisation or clinical visits within the

health service were retrieved from the national clinical software and patient records.

7.4 Results

This section presents the findings of the final phase of this research where the prognostic factors
of CLI in patients with IC were explored. Details about the participants’ demographic and
health status variables at baseline were presented in Chapter Six. The first part of this results
section explains the data availability following the recruitment and review processes after 1
and 2 years, including non-responder data analysis. This is followed by a description of the
haemodynamic and clinical outcomes of all the participants after 2 years. The subsequent
section then presents the main of focus of the results chapter with an analysis of data of
participants who deteriorated to CLI or experienced significant deterioration after 2 years,
together with the identification of predictive factors for deterioration. An analysis of disease

progression in terms of haemodynamic data can be found in the next subsections, followed by
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analysis of results of participants with improvement as an outcome after 2 years and subsequent

assessment of Walking impairment questionnaire scores.

7.4.1 Recruited participants and data availability

The recruitment procedure is described in detail in Chapter five. A diagram (figure 7.1)

illustrating the recruitment process and participant follow-up, as recommended by the

‘Strengthening the reporting of observational studies

(Vandenbroucke et al., 2014) is presented.

Individuals referred to
vascular clinic due to ICin 12

months (n =246)

A4

Assessed for eligibility

(n= 243)

Did not respond
N=3

\4

Participants with IC
due to PAD n=150

v

Enrolled for the study

(n=150)

A\ 4

Excluded n=93
*No PAD n=86
*Not new case n=2
*Previous lower
limb
revascularisation
n=5

A 4

Completed Follow-up

Outcome data at 2
years n=145

Haemodynamic data

at 1 year n=140

Haemodynamic data

at 2 years n=135

[ Completed 2 year follow-up ] [ Enrollment ] [ Eligibility ] [ Potential Participants ]

Figure 7.1: STROBE diagram illustrating the recruitment process

*Deaths n=4
*Lost to follow-
up n=1

*Did not attend
for
haemodynamic
assessment at 1
year n=10

*Did not attend
for
haemodynamic
assessment at 2
years n=15

in epidemiology (STROBE)
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Following the initial recruitment process after identifying the eligibility of participants which
is described in detail Chapter five, recruited and consenting participants (n=150) were followed
for two years with a follow-up assessment every 12 months which included recording of
haemodynamic data and IC symptoms using the Walking impairment questionnaire (WIQ).
Revascularisation procedures, reports of Duplex scans and lower limb outcomes (i.e CLI,
ulceration, amputation, rest pain and hospital admission due to PAD) were retrieved from the
database of the vascular unit at the hospital. Reports of mortality were retrieved from the

centralised patient access system (CPAS) of the health department (Malta).

7.4.1.1 Availability of haemodynamic and WIQ data

At recruitment n=150 1st follow-up after 1 2nd follow-up after 2

year n=140

years n=135

*4 died, 1 emigrated, 3

*All eligible *2 died, 1 emigrated, 2 in-patients at rehab, 1
participants no reply, 3 reported in prison, 4 reporteé
consented to transport difficulty, 2 transpor£ difficulty, 2
participate in-patients had infectious disease

Fig 7.2 Availability of haemodynamic and WIQ data

Figure 7.2 illustrates the recruitment process and participant data availability during the study.
At the first follow-up after 1 year, 140 participants attended for review and the haemodynamic
and WIQ data were recorded. At the second follow-up after 2 years, 135 participants attended
for review and the haemodynamic and WIQ data of 135 participants were recorded. It should
be noted that the participants who did not attend for review did not withdraw from the study
and reasons for non-responding are illustrated in the diagram. Therefore, other data which
could be retrieved from the hospital databases such as lower limb outcomes (development of
CLIL ulceration or rest pain), hospital admissions and mortality were still retrieved for these
participants. For example, 2 participants who did not attend for review developed CLI (data
retrieved from the vascular unit database) and were therefore included in the CLI group and

not in the missing data group.
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7.4.1.2 Availability of lower limb outcome data

At recruitment 1st follow-up after 1 2nd follow-up after

n=150 year n=147 2 years n=145
*All eligible participants *2 died, 1 *4 died, 1 emigrated
consented to participate emigrated

Fig.7.3 Availability of lower limb and major adverse events data

Figure 7.3 illustrates the availability of lower limb and adverse events data during the study.
Lower limb outcomes were retrieved from the database of the vascular unit within the hospital
which included clinical reports, reports of the duplex scans and treatment plans or
revascularisation procedures reported by the vascular surgeon. At first follow-up after 1 year,
the lower limb outcome data of 147 participants were recorded as 2 participants had died and
1 participant was lost to follow-up. At the second follow-up after 2 years, lower limb outcome
data and adverse events data of 145 participants (out of 150 initially recruited) were recorded

because 4 participants had died and 1 participant was lost to follow-up due to emigration.

7.4.1.3 Non-responder analysis

Figure 7.2 illustrates that haemodynamic data of 15 participants was missing at the end of the
study. The reasons were: 4 died, 1 participant was lost to follow-up as they emigrated to another
country, 4 participants reported difficulty in finding time and transportation to the clinic due to
other several hospital appointments, 3 participants were admitted in a rehabilitation hospital
recovering from orthopaedic surgery, 1 participant was incarcerated and did not attend for
review and 2 participants acquired an infectious disease which precluded the use of the brachial
or digital cuffs due to infection control policies. The latter 2 participants also developed CLI
and were hence included in the CLI group. Therefore, excluding the non-responder participants
who developed CLI (n=2 since their lower limb outcome is known), there were 13 non-
responders with missing haemodynamic data after 2 years. As stated earlier, since the
participants did not withdraw from the study, lower limb and major adverse events were still

retrieved for the non-responders.
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The difference in baseline parameters between the participants who attended for follow-up and
the non-responders was analysed. Mann-Whitney U tests were applied to compare unpaired
continuous data and Chi squared tests were applied to compare categorical data and to test for
trends. Non-parametric tests were applied since the parameters did not have a normal
distribution as shown by the Shapiro Wilk test (Appendix 11). The results show that non-
responders had a higher BMI than responders (32.3 and 27.6 respectively) and this difference
was significant (p<0.05). There was no significant difference in any of the other parameters

measured. The results of these tests are presented in Appendix 12.

During the study, haemodynamic data was recorded for both limbs at baseline, first and second
follow-up. However, since the main focus of this study is the deterioration to CLI and
progression of PAD, the data of the limb with worse outcome was used for the analysis in cases
of bilateral IC. In all cases who had bilateral IC and developed CLI, the affected limb was the
most symptomatic limb at baseline. The data of both symptomatic limbs was assessed in

section 7.7 when analysing the progression rate of PAD in all symptomatic limbs (n=236).

7.4.2 Participant outcomes after 2-year follow-up

The main outcomes of interest in this study was deterioration to CLI, haemodynamic
deterioration and symptom deterioration. As described in chapter five, deterioration to CLI was
determined by the clinical presentation of tissue loss (ulceration), rest pain or gangrene.
Haemodynamic deterioration was determined by a decline in haemodynamic measures (ABPI,
TBPI and Doppler waveform analysis) and symptom deterioration was determined using the
Walking impairment questionnaire (WIQ). Due to the varying influence of confounding factors
on the different haemodynamic measures (such as calcification or revascularisation) in an
individual participant, ABPI, TBPI and waveforms were described and analysed separately.
The following sections in this chapter describe the outcomes experienced by the participants

after 2 years.

7.4.2.1 Haemodynamic outcomes

The proportion of the various haemodynamic outcomes of the participants at two years after
recruitment is illustrated in figure 7.4. The outcomes are explained in detail in chapter 5: CLI

is defined as development of ischaemic ulceration or rest pain, while significant haemodynamic
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decline is defined as a decrease in ABPI and /or TBPI by >0.15 and >0.1 respectively, mild
haemodynamic decline is defined as a decrease in ABPI and/or TBPI which is less than 0.15
or 0.1 respectively, while improved or stable haemodynamics is defined as no change or an

increase in ABPI or TBPI.

Two-year haemodynamic outcomes of participants with IC (n=150)

MAC

Died

3%

Missing data
5%

Mild haemodynamic
decline
17%

Figure 7.4 Participant outcomes after 2 years

After two years 67.3% (n=101) of the participants experienced haemodynamic deterioration of
whom 23.3% (n=35) deteriorated to CLI, 27.3% (n=41) experienced significant haemodynamic
deterioration (without developing CLI symptoms) and 17% (n=25) experienced mild
haemodynamic decline. During the study 14 participants developed medial arterial
calcification (MAC) evident in ABPI and/or TBPI assessments or reported in duplex scans,
resulting in falsely elevated haemodynamic readings at the time of the first and/ or second
follow-up, therefore haemodynamic deterioration could not be assessed in these participants.
However, 7 of these participants developed CLI and are therefore included in the CLI group.
Another 15 participants did not attend for the second follow-up at 2 years (as described in

section 7.2.1 and 7.2.2) which precluded the assessment of haemodynamic deterioration. It
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should be noted that clinical lower limb outcomes (namely CLI development and/or
revascularisation) and Doppler waveforms of participants who did not attend for follow-up or
who developed MAC were still retrieved from the hospital database of the vascular unit,
therefore those who deteriorated to CLI and also developed MAC (n=7) or missed the follow-
up appointment (n=2) were included in the CLI group and not in the missing data group when
analysing lower limb outcomes. During the study period 29 participants (19.3%) demonstrated

stable / improved haemodynamic measures.

As described in detail in Chapter 5, significant haemodynamic decline was calculated by
subtracting the haemodynamic measure (ABPI or TBPI) at baseline from that recorded at time
2 (2" follow-up). For this analysis, participants who had improved readings due to
revascularisation for IC or developed calcification during the study period were excluded, since
inclusion would not represent the natural progression of the disease in the former group and
yield misleading results in the latter. In total 41 participants were found to experience
significant haemodynamic decline without developing symptoms of CLI, 12 experiencing both
ABPI and TBPI significant decline, 8 participants had a significant decline in ABPI only and
21 participants had a significant decline in TBPI only.

Haemodynamic outcome assessed by Doppler waveforms

At each visit (baseline, time 1 and time 2) the Doppler waveforms of the DP and PT were
recorded. After 2 years the haemodynamic outcome of the participants classified according to
the Doppler waveforms analysed is presented in fig 7.5. For this analysis, participants who

underwent revascularisation during the study period (n=50) were excluded.
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Participant outcome - Doppler waveforms n=100
Missing data
6%

Waveform
deterioration
40%

No waveform
deterioration
54%

Fig 7.5 Haemodynamic outcome of participants by Doppler waveforms (excluding revascularised participants)

Within two years, 40% of the study population experienced a deterioration in waveforms (DP
and / or PT) while 54% did not have a deterioration in waveforms within 2 years. The data of
6 participants was missing (4 died, 1 lost to follow-up and 1 participant did not attend).
Participants who did not attend for haemodynamic analysis for the purpose of the study had
their waveforms analysed at the vascular unit by the vascular surgeon and the reports were

retrieved for data analysis.

Doppler waveforms are further analysed in the sections pertaining to the outcomes presented

later in this chapter.

7.4.2.2 Clinical outcomes

Figure 7.6 illustrates the clinical outcomes experienced by the participants after 2 years
following recruitment. Clinical outcomes were not defined by haemodynamic measures but by
symptoms reported or retrieved from the databases, as detailed in Chapter 5. Three participants
developed other medical conditions during the study period which precluded walking (hip
fracture, knee pain and breathlessness) therefore Walking impairment questionnaire (WIQ)

responses related to IC were excluded for these participants.
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Clinical outcomes after 2 years (n=150)
Worse clinical outcome CLI/Worse IC e
Improved or stable IC [T
MACE
revascularised due to IC [
revascularised due to CLI [

Missing /unreliable IC reporting [N

M Percentage

Figure 7.6 Clinical outcomes of participants after 2 years

The results of this study indicate that overall 56.6% (n=84) of the participants experienced
worse clinical outcomes within 2 years, of whom 33.3% (n=49) developed worse IC symptoms
with shorter claudication distance and higher WIQ scores (indicating worse symptoms) from
the time of recruitment while 35 deteriorated to CLI. In total 50 participants underwent
revascularisation procedures, 25 (10.7%) due to CLI and 25 (10.7%) due to IC. These results
indicate that out of 84 participants who experienced clinical deterioration, 50 participants
(59.5%) underwent revascularisation. Improved IC symptoms indicated by WIQ score and
longer walking distance were reported in 38% (n=57) of the study cohort. Major adverse
cardiovascular and cerebrovascular events were recorded in 12% (n=18) of participants, 3 of
which were fatal events, the other mortality during the study was due to malignancy. WIQ
responses were missing for 18 participants (4 died, 1 emigrated and 10 could not attend for
review appointment and 3 reported inability to walk due to other reasons) however any other
clinical outcome such as development of CLI, MACCE or revascularisation was recorded for

these participants.

7.4.3 Baseline haemodynamic data of participants with specified outcomes

The baseline data of all the participants have been presented previously in Chapter Six. Table
7.1 presents the baseline haemodynamic data of the participants, categorised according to their
outcome two years following recruitment. The baseline haemodynamic parameters of
participants who experienced significant deterioration during the 2-year study period, which

includes participants who had significant haemodynamic decline and those who developed CLI
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were analysed. Participants who experienced significant deterioration but also developed

symptoms, that is, developed CLI were also analysed separately.

Due to the inherent concerns associated with interpretation of ABPI and TBPI in the presence
of medial arterial calcification (MAC), the table presents the medians of the participants in
each category and also the median excluding readings of the known calcified arteries which
were present at baseline or developed during the study period. This was done in order to avoid
the possibility of presenting falsely elevated haemodynamic measures which do not represent
the true measure of PAD, as discussed in detail in Chapter 2 Section 2.4.1.1. It should be noted
that in several cases, falsely elevated readings for ABPI and not for TBPI in the same
participant were evident, hence the number of participants when excluding calcified arteries
for ABPI and TBPI vary. Calcified or falsely elevated readings were identified either by
Duplex scan or by an ABPI >1.4 or TBPI with absolute toe pressure >150mmHg as previously

explained in more detail in Chapter 5.

Table 7.1: Baseline haemodynamic parameters according to outcome after 2 years

Category according to ABPI median (IQR) TBPI median (IQR) Absolute toe pressure
outcome in 2 years N= N= mmHg median (IQR)
1 I 1
- . . 0.69 (0.55, 0.89) 0.42 60.5
Significant deterioration n=55 (0.32,0.53) n= 68 (46.8, 84.7) n=68
Significant deterioration 0.60 (0.50, 0.74) 0.41 60.5
excluding calcified arteries at ’ R ’ _ D
e n=40 (0.32, 0.53) n=65 (46.8, 84.7) n=65
| I T
0.66 0.33 51.1
0 el (L (0.51,0.7) n=35 (0.2, 0.43) n=35 (31, 65) n=35
Developed CLI 0.53 0.33 51
excluding calcified arteries at (0 48, 0.69) n=27 (0.2,0.43) =34 (31, 65) n=34
aseline
| I I
0.63 0.43 62.8
Developed MACCE (0.56, 0.) n=17 (0.29, 0.54) n=18 (20.9) n=18
Developed MACCE 0.56 0.43 62.8
excluding calcified arteries (0.50,0.77) n=11 (0.29, 0.54) n=18 (20.9) n=18
| I I
Improved / stabl 0.71 0.38 57.0
proved/stable (0.55, 0.85) n=29 (0.26, 0.53) =29 (38, 89) n=29
Improved / stable excluding 0.64 0.38 57.0
calcified arteries at baseline (0.53, 0.76) n=22 (0.26, 0.53) n=28 (38, 89) n=28
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The results presented in table 7.1 describe the baseline haemodynamic data of the participants
who developed different outcomes within two years. The results demonstrate that the
participants who had stable or improved haemodynamics had a baseline median ABPI of 0.64
(0.53, 0.76) and TBPI of 0.38 (0.26, 0.53). Lower readings were evident in the group who
experienced significant deterioration in ABPI 0.60 (0.50, 0.74) but these had a higher baseline
of TBPI 0.41 (0.32, 0.53), while the lowest baseline readings were recorded in those who
eventually deteriorated to CLI within 2 years of recruitment (ABPI 0.53 IQR 0.48, 0.69), TBPI
0.33 (IQR 0.2, 0.43).

Since the main aim of this research was to assess the risk of deterioration to CLI among patients
presenting with IC and possibly identify predictors among this sub-group, a focus on the
analysis of the data in this group of participants was applied. Therefore, the following section
presents the analysis of data pertaining to the participants who deteriorated within 2 years and

developed CLI.

7.4.4 Deterioration to critical limb ischaemia

In this study cohort (n=150), 35 participants (23.3%) deteriorated to CLI within 2 years.
Nineteen of these participants developed CLI signs (foot ulceration) within 1 year of
recruitment before the first follow-up, while 16 participants developed CLI in the 2nd year.
The sections below explore the association of baseline data with deterioration to CLI in an
attempt to identify baseline parameters which could help predict this deterioration and hence
help identify participants who are more likely to deteriorate within 2 years of presenting with

IC.

7.4.4.1 Baseline characteristics of participants who developed CLI
The tables 7.2 and 7.3 present the baseline characteristics and measured variables of the
participants who deteriorated to CLI. Continuous data are presented as mean and standard

deviation or median and interquartile range (depending on the distribution of data) while

discrete data are presented as counts and percentages.
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Table 7.2 : Baseline characteristics of participants who developed CLI within 2 years

Baseline Variables n=35 Mean / median / SD IQR Percentage
Frequency within group

within group

ABPI median, IQR 0.66 - 0.51,0.70 -
ABPI* median, IQR 0.53 - 0.48, 0.69 -
TBPI median, IQR 0.33 - 0.2,0.42 -
Absolute toe pressure (mmHg) median, [QR 51 - 31, 65 -
PT Doppler Monophasic 15 - - 42.9
SO 5, Monophasic-continuous 20 - - 57.1
%
DP Doppler Monophasic 11 - - 314
SO it Monophasic-continuous 24 - - 68.6
%
Disease IPA disease present 21 - - 60
Location No IPA disease present 14 - - 40
n,%
Claudication distance (m) median, IQR 100 - 50,100 -
Gender Male n, % 26 - - 74.3
Female n,% 9 - - 25.7
BMI mean SD 27.25 5.21 - -
Age (years) mean SD 69.86 7.91 - -
Smoking Current smoker 11 - - 314
status
0% Past smoker 14 - - 40
Never smoked 10 - - 28.6
Diabetes n,% 28 - - 80
Hypertension n,% 30 - - 85.7
Hyperlipidaemia n,% 26 - - 74.3
Cardiac disease n,% 11 - - 314
Renal disease n,% 9 - - 25.7
Systolic blood pressure (mmHg) 148.94 18.81 - -
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Previous major event (MI/stroke) n,% 14 - - 40
Taking statins and/or antiplatelet n,% 30 - - 85.7
Ace inhibitor n,% 19 - - 54.3
Angiotensin II antagonist n,% 6 - - 17.1
Calcium channel blocker n,% 7 - - 20
Beta blocker n,% 1 - - 2.9

(IPA=infrapopliteal artery disease)

Results (Table 7.2) show that participants who deteriorated to CLI had a mean age of 69.9
years and were predominantly male (n=26, 74.3%). Development of CLI occurred in 22%
(n=26) of the whole male cohort and in 29% (n=9) of the whole female cohort. Infrapopliteal
artery disease (IPA) was present in 60% of this group and the PT and DP Doppler waveforms
were predominantly monophasic continuous (57.1% and 68.6%). A high prevalence of diabetes
(80%), hypertension (85.7%), hyperlipidaemia (74.3%) and smoking history (71.4%) was also
evident. At baseline, the majority (85.7%) of the participants in this group were on the
recommended medical therapy (Norgren et al., 2007) taking anti platelet and statin therapy.

Baseline blood parameters of participants who developed CLI

Baseline Parameters Median IQR 1 IQR 3 Normal range
eGFR mls/min/1.73m? 86 64 101 > 60
Cholesterol mmol/I 4.31 3.34 4.97 2.0-5.0
Triglyceride mmol/l 1.36 1.0 1.71 0.1-2.26
HDL Cholesterol mmol/l 1.18 0.92 1.4 0.9-145
Non HDL Cholesterol mmol/l 2.98 23 35 0-3.36
LDL Cholesterol mmol/Il 2.35 1.52 3.0 0.1-3.88
Total: HDL Cholesterol ratio 3.52 2.61 4.12 -
Fasting blood glucose mmol/l 7.55 6.0 11.9 3.88-6.38
HbAlc (%) 7.0 5.8 8.6 47-64
Creatinine umol/l 81 68 96 59-104
CRP mg/L 2.9 1.1 7.8 0-5
ESR mm 1 Hr 15.5 7.5 32.5 28-32

Table 7.3: Baseline blood parameters of participants who developed CLI within 2 years
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Table 7.3 presents the blood parameters measured at baseline of the participants who
deteriorated to CLI within the study period. The median fasting blood glucose and HbA 1c level
were above the normal range at baseline (7.55 mmol/L (IQR 6,11.9) and 7% (IQR 5.8,8.6)
respectively) and the ESR level was below the normal range (15.5mm1st Hr (IQR 7.5,32.5)).
The cholesterol ratio of 3.52 indicates a high risk of heart disease. The rest of the blood

parameters recorded were within the normal ranges.

7.4.4.2 Analysing baseline variables in relation to development of CLI

In the following section the analysis of baseline factors in relation to deterioration to CLI is
presented. Following a test for normalcy of distribution of the measured variable scores
(Shapiro-Wilk Appendix 11), baseline variables were analysed for significant differences
between participants who deteriorated to CLI and participants who did not. This is followed by
Multinomial logistic regression models which were used to assess for independent factors
associated with deterioration to CLI. Additionally, a receiver operator curve (ROC) analysis
was applied to determine the best cut-off values of identified significant factors for predicting

deterioration to CLI. A p-value of 0.05 was considered statistically significant.

7.4.4.3 Test for normalcy of data

The Shapiro-Wilk test was performed using the individual data measurements at baseline, first
and second follow-up to assess the normality assumption of measured variables of all the
participants. The Shapiro-Wilk test is used to determine whether a parameter score distribution
is normal or skewed. The null hypothesis specified that the parameter score distribution was
normal and was accepted if the p-value exceeded the 0.05 level of significance. The alternative
hypothesis specified that the score distribution was skewed and was accepted if the p-value

was less than the 0.05 criterion.

Almost all the results obtained from the Shapiro-Wilk normality test (Appendix 11) had a p-
value less than 0.05 level of significance indicating that the parameter score distribution does
not satisfy the normality assumption. For this reason, non-parametric tests were used for the

analysis.
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7.4.4.4 Baseline parameter differences in participants who developed CLI

Initial analysis included assessing the difference in baseline parameters between participants
who developed CLI within 2 years and participants who did not. Mann-Whitney U tests were
applied to compare unpaired continuous data and Chi squared tests were applied to compare
categorical data and to test for trends. Non-parametric tests were applied since the parameters

did not have a normal distribution as shown by the Shapiro Wilk test (Appendix 11).

Table 7.4: Mann Whitney U test comparing baseline parameters between participants who deteriorated
to CLI and participants who did not

Continuous Variables N Median IQR 1 IQR2 Ltud P viillng
Whitney U

ABPI CLI 35 .60 51 .70 1519 0.033
No CLI 115 .68 .56 0.84

ABPI* CLI 27 0.53 0.48 0.69 805.5 0.002
No CLI 90 0.65 0.55 0.77

TBPI CLI 35 33 .20 42 1463 0.015
No CLI 115 41 31 0.52

Absolute toe CLI 35 55 31 65 1566 0.047

pressure No CLI 115 60.00 44.00 84.00

BMI CLI 35 26.5 234 30 1766.5 0.274
No CLI 115 27.90 25.60 30.00

Age CLI 35 69 64 75 1997 0.945
No CLI 115 70.00 64.00 77.00

Claudication CLI 35 50 100 100 1628 0.082

distance No CLI 115 100.00 50.00 200.00

Smoking duration =~ CLI 13 43 36.5 50 246.50 0.45

Current smokers ~ No CLI 44 45.50 38.50 55.75

Pack Years CLI 13 50 19.8 80 281.50 0.93

Current smokers ~ No CLI 44 45.00 26.25 69.63

eGFR CLI 35 86.00 64.00 101.00 1737 0.22
No CLI 115 77.00 53.00 97.00

Cholesterol CLI 35 431 3.34 4.97 1882.50 0.56
No CLI 115 4.32 3.59 5.25

Triglyceride CLI 35 1.36 1.0 1.71 1855.00 0.48
No CLI 115 1.52 .99 2.13

HDL Cholesterol ~ CLI 35 1.18 0.92 1.4 1884.00 0.57
No CLI 115 1.13 .93 1.43
CLI 35 2.98 23 3.5 1845.00 0.46
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Non HDL No CLI
Cholesterol
LDL Cholesterol ~ CLI
No CLI
Total Cholesterol ~ CLI
No CLI
HbAlc CLI
No CLI
Creatinine CLI
No CLI
CRP mg/L CLI
No CLI
ESR CLI
No CLI
Systolic blood CLI
pressure No CLI

115

35
115
35
115
35
115
35
115
35
104
34
102
35
115

3.07

2.35
2.26
3.52
3.78
7.0
6.60
81
86.00
2.9
2.00
15.5
15.00
152
147.00

242

1.52
1.71
2.61
2.89
5.8
5.80
68
71.00
1.1
1.02
7.5
8.00
132
132.00

4.04

3.0
2.95
4.12
4.77

8.6
7.60

96

119.00

7.8
4.75
325

29.00

158

166.00

1781.00

1684.50

1725.50

1713.00

1657.00

1679.50

1975.0

0.30

0.15

0.20

0.18

0.43

0.78

0.87

Results demonstrate that the participants who deteriorated to CLI had significantly lower

values of ABPI, ABPI*, TBPI and absolute toe pressures at baseline compared to the

participants who did not deteriorate to CLI (p=<0.05). No significant difference was found in

the other parameters measured.

The Chi square test was used to compare the baseline categorical data between the participants

who developed CLI and those who did not. The results are presented in the table 7.5.

Table 7.5: Chi square tests analysing differences in parameters at baseline between participants who
deteriorated to CLI and participants who did not develop CLI

o) s
Parameter Category Group N G ot X2 df P value
group
I I I I I I
PT Biphasic CLI 0 0 9.67 2 0.008
Ly No CLI 15 13
waveform
Monophasic CLI 15 42.9
No CLI 60 52.2
Mono-cont CLI 20 57.1
No CLI 38 33
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DP Biphasic
Doppler

waveform
Monophasic
Mono-cont
Gender Male
Female
Smoking Current
status smoker
Past smoker
Never
smoked
Diabetes
Hypertension
Hyperlipidaemia

Cardiac Disease

Renal Disease

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

No CLI

CLI

10

11

56

24

48

26

93

22

11

44

14

48

10

23

28

76

30

99

26

90

11

50

38

30

8.7

314

48.7

68.6

41.7

74.3

81

25.7

19

314

383

40

41.7

28.6

20

80

66.1

85.7

86.1

74.3

78.3

314

43.5

25.7

33

85.7

9.16

0.709

1.26

2.44

0.003

0.24

1.61

0.67

1.13

0.01

0.4

0.53

0.12

0.96

0.62

0.2

0.41

0.29
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Taking antiplatelet and/or No CLI 89 77.4

anticoagulant

Ace inhibitor CLI 19 543 0.72 1 0.4
No CLI 53 46.1

Angiotensin II Antagonist CLI 6 17.1 0.22 1 0.63
No CLI 16 13.9

Calcium channel blocker CLI 7 20 0.4 1 0.53
No CLI 29 25.2

Beta blocker CLI 1 2.9 1.64 1 0.2
No CLI 11 9.6

Previous major event CLI 14 40 0.4 1 0.53
No CLI 53 46.1

Infrapopliteal artery CLI 21 60 4.34 1 0.037

disease
No CLI 46 40

The cross tab clearly shows a significantly larger proportion of participants with monophasic-
continuous waveforms at baseline (in both PT and DP) in the group who developed CLI and a
larger proportion of participants with biphasic waveforms in the group who did not develop
CLI. Additionally, results also demonstrate that a significantly larger percentage of participants
had infrapopliteal artery disease in the group who developed CLI within 2 years compared to
those who did not develop CLI. These percentage differences are significant since the p-value
is less than the 0.05 criterion. There is no significant difference between the 2 groups in the

other measured categorical parameters.

7.4.5 Predictors for deterioration to CLI

Binomial logistic regression models were applied to determine factors independently
associated with deterioration to CLI. The results of the regression models are given as the odds
ratio (OR) and 95% confidence interval (95% CI).

Due to the inherent limitations associated with the interpretation of ABPI in cases of MAC,

calcified arteries were excluded from the regression analysis. However, since this process
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results in the exclusion of all the data of the affected participants, two separate binomial
regression models were applied. The first model (Regression Model 1) included baseline ABPI
excluding known falsely elevated readings due to calcified arteries as a haemodynamic
measure. Toe brachial pressure indices and absolute toe pressures were not included, while the
rest of the factors measured and participants’ characteristics recorded at baseline were
included. The number of participants in this analysis was 117 (CLI n=27, No CLI n=90). In the
second model (Regression Model 2) ABPI was excluded from the analysis and TBPI and
absolute toe pressures were included, together with the rest of parameters measured at baseline.

The number of participants in this model was 150 (CLI n=35, No CLI n=115).

The results of the initial model of Regression model 1 and Regression model 2 are presented
in Appendix 13 ‘Regression Models results’. All the factors recorded were inserted in the
models and the interaction effect was analysed by backward elimination. The tables below
present the final models and the significant predictors for deterioration to CLI identified

through this analysis.

Parameter Estimates
Deterioration to CLI? B Std. Wald df Sig. Odds 95% CI for OR
Error ratio Lower Upper
Bound Bound
Deteriorated to Intercept -4.016 1.237 10.54 1 .001
CLI IPA disease .809 413 3.84 1 0.049 2.25 1.0 5.04
No IPA disease 0ob . ) 0
ABPI -0.4361 1.516  8.280 1 0.004 0.647 0.001 0.249
HbAlc 274 .144 3.60 1 0.058 1.32 .99 1.74
ABPI <0.5 1.360 712 3.65 1 0.046 3.89 97 15.72
ABPI 0.51-0.69 .668 .594 1.26 1 0.261 1.95 .61 6.25
ABPI 0.7-0.89 -.162 711 .052 1 0.819 .85 21 3.43
ABPI >20.9 ob . . 0
a. The reference category is: Did not deteriorate to CLI.
b. This parameter is set to zero because it is redundant.

Table 7.6- Significant predictors for deterioration to CLI for Model 1. Multinomial logistic regression analysis.

Pseudo R-Square Cox and Snell Nagelkerke McFadden
.0179 266 176

Table 7.6b Model 1
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The significant independent predictors for deterioration to CLI identified in the first model
were baseline ABPI (reciprocal OR 1.5, p=0.004), ABPI <0.5 (OR 3.9, p=0.046) and the
presence of Infrapopliteal artery disease (OR 2.25, p=0.049).

While logistic regression reports the odds ratio of the variables of interest, in this study the
relative risk (RR) of the variables which were identified as significant independent predictors
for the development of CLI was also calculated. As described in chapter 3, since the incidence
of CLI in the general population is less than 10% (0.24%) (Bitar & Garcia, 2010; Jensen et al.,
2006; Nehler et al., 2014), the odds ratio and relative risk do not vary and the rare disease
assumption is applied where the OR derived from the logistic regression analysis can be

expressed as RR (J. Zhang & Kai, 1998).

Therefore, the results of this study demonstrate that participants with baseline ABPI of <0.5
are 3.9 times more likely to develop CLI within 2 years than participants who have higher
ABPIs; participants who have infrapopliteal artery disease at baseline are 2.25 more likely to
develop CLI within 2 years than participants who do not have infrapopliteal artery disease at
baseline and for every 0.1 decrease in ABPI the risk of deterioration to CLI increases by 1.5

times.

Table 7.7- Significant predictors for deterioration to CLI for Model 2. Multinomial logistic regression analysis.

Parameter Estimates

Deterioration to CLI? B Std. Wald df Sig. Odds 95% Confidence
Error ratio Interval for OR
Lower Upper

Bound Bound

Deteriorated to Intercept -4.02 1.16 11.96 1.00 .0001

CLI TBPI -0.3266 1.291  6.404 1 0.011 0.327 .003 479
TBPI <0.39 1.28 .56 5.32 1.00 0.02 3.60 1.21 10.71
TBPI 0.4-0.69 38 .70 29 1.00 .59 1.46 37 5.78
TBPI >0.7 .00° . . .00
HbAlc .30 .14 4.67 1.00 .03 1.35 1.03 1.78

a. The reference category is: Did not deteriorate to CLI.

b. This parameter is set to zero because it is redundant.

Pseudo R-Square Cox and Snell Nagelkerke McFadden
.097 143 .090

Table 7.7b Model 2
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The significant predictors for deterioration to CLI identified in the second model were baseline
TBPI ([Reciprocal] OR 3.06, p=0.01), baseline TBPI <0.39 (OR 3.6, p=0.02) and baseline
HbAlc (OR 1.35, p=0.03).

The results demonstrate that participants with baseline TBPI of <0.39 are 3.6 times more likely
to develop CLI than participants with higher TBPI (RR 3.6, p=0.02); with every 1-unit increase
in baseline HbAlc the risk of developing CLI increases by 1.35 times (RR1.35, p=0.03) and
with every 0.1-unit decrease in baseline TBPI participants are 3 times more likely to deteriorate

to CLL

Overall, the results of this regression analysis therefore demonstrate that in this study
population the significant independent predictors for developing CLI within 2 years were
baseline ABPI (excluding calcified arteries), baseline TBPI, infrapopliteal artery disease and
HbAlc. None of the other variables measured were found to be significant predictors for the

development of CLI among the participants.

7.4.6 Significant haemodynamic deterioration

Since the aim of this study was to identify patients who are more likely to deteriorate, baseline
parameters of participants who experienced a significant decline in ABPI >0.15 and / or TBPI
>0.1 within 2 years were assessed. The significant haemodynamic decline defined as >0.15 for
ABPI and >0.1 for TBPI was discussed previously in Chapter Five. The decline in
haemodynamic readings was calculated by subtracting the reading at baseline by the reading
after 2 years. In order to focus on the natural disease process and limiting threats to validity of
the study (discussed in detail in Chapter Three) some participants were excluded from the
analysis of ABPI decline (n=21) and TBPI decline (n=3) for the following reasons: Participants
who experienced a haemodynamic improvement due to revascularisation for IC, were excluded
since the natural history of the disease could not be evaluated. Additionally, in order to limit
threats to validity due to inherent issues associated with arterial calcification and the reliability
of the haemodynamic change as a measure of PAD (discussed in detail in Chapter 2),
participants who developed MAC (defined by duplex scan and /or ABPI>1.4 and/or increase
in ABPI >0.15 without revascularisation) during the study period, were also excluded from the

analysis.

197



Since the main focus of this study was the identification of participants who experienced a
significant deterioration within 2 years, the baseline parameters of those who deteriorated to
CLI (n=35) were included in the group ‘significant deterioration analysed ABPI’ and
‘significant deterioration analysed TBPI’ even in cases of revascularisation since their

significant deterioration was confirmed by the development of tissue loss.

Since deterioration by ABPI and TBPI were calculated separately, the analysis of
haemodynamic deterioration measured by ABPI and TBPI are analysed and presented
separately in the following sections where participants identified as having experienced a
significant deterioration by a decline in ABPI by >0.15 are categorised as ‘Significant
deterioration- ABPI” and participants who were identified as having experienced a significant

deterioration by a decline in TBPI of >0.1 were categorised as Significant deterioration- TBPI

Significant deterioration - ABPI Significant deterioration - TBPI
Significant deterioration Significant deterioration
ABPI n=55 49% TBPI n=68 52%

No signficant
deterioration detected by

No signficant
deterioration detected by

ABPI n=58 TBPI n=63
51% 48%
Fig 7.7 Significant deterioration-ABPI Fig. 7.8 Significant deterioration - TBPI

Figures 7.7 and 7.8 illustrate that when analysing significant deterioration by assessing the
change in ABPI over 2 years, 55 participants were shown to have experienced significant
deterioration (decline in ABPI by >0.15 or development of CLI) and 58 participants did not.
When analysing significant deterioration over 2 years detected by a decline in TBPI of >0.1 or
development of CLI, results indicate that 68 participants experienced significant deterioration
while 63 participants did not. Therefore, a larger proportion of participants were detected as
experiencing significant deterioration by analysing the decline in TBPI when compared to
deterioration detected by ABPI decline because more participants were excluded in the ABPI

analysis due to calcification. Further analysis of these groups indicated that 8 participants
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experienced significant deterioration detected by ABPI and not TBPI while 16 participants
experienced significant deterioration detected by TBPI and not by ABPI. The rest (n=52 of
whom n=35 had CLI) were common in both groups. This difference in detection of
deterioration was due to the fact that participants who experienced a significant decline in ABPI
may have experienced a decline in TBPI but which was less than 0.1. However, in total 76
participants experienced significant deterioration, 41 detected by ankle or toe brachial pressure

measurements and 35 developed CLI symptoms.

7.4.6.1 Baseline characteristics of participants with a significant deterioration
assessed by decline in ABPI or CLI

The baseline descriptive data of participants who experienced a haemodynamic decline

detected by ABPI decline by >0.15 or deterioration to CLI are presented in the following tables.

Table 7.8: Baseline characteristics of participants who experienced significant deterioration assessed

by decline in ABPI or CLI within 2 years

Baseline Variables Mean / Median SD IQR Percentage
/Frequency within within group
group
ABPI baseline n=55 median IQR - 0.55,0.89 -
0.69

ABPI * baseline n=40 median IQR 0.60 - 0.5,0.74 -
TBPI baseline n=55 median IQR 0.37 - 0.27, 0.46 -
TBPI* n=55 median IQR 0.37 - 0.27,0.46 -
Absolute toe pressure (mmHg) 57 - 44.73 -
median IQR

PT Monophasic 28 - - 50.9
Doppler | gjphasic 5 - . 9.1
WEATR slgall Monophasic- 22 - - 40
& continuous
DP Monophasic 24 - - 43.6
Doppler | giphasic 3 . . 5.5
waveform Monophasic- 28 - - 50.9
% continuous

Disease Infrapopliteal artery 35 - - 46.7

Location disease present

n,% No Infrapopliteal 40 - - 533

artery disease present
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Claudication distance (m) median IQR 100 - 50, 150
Gender n,% | Male 41 - - 74.5
Female 14 - - 25.5
BMI mean SD 27.4 4.5 - -
Age (years) mean SD 70.9 7.7 - -
Smoking Current smoker 18 - - 32.7
status n,% Past smoker 22 - - 40
Never smoked 15 - - 27.3
Diabetes n,% 43 - - 78.2
Hypertension n,% 49 - - 89.1
Hyperlipidaemia n,% 44 - - 80
Cardiac disease n,% 22 - - 40
Renal disease n,% 22 - - 40
Previous major event (MI/stroke) n,% 26 - - 473
MACCE n,% 8 - - 14.5
Systolic blood pressure (mmHg) mean 148.63 22.13 -
SD
Statins Antiplatelet and /or 45 - - 81.8
anticoagulant n,%
Ace inhibitor n,% 31 - - 56.4
Angiotensin II antagonist n,% 7 - - 12.7
Calcium channel blocker n,% 12 - - 21.8
Beta blocker n,% 3 - - 5.5

Results (Table 7.8) indicate that this group had a mean age of 70.9 years and were
predominantly male (74.5%) while 25.5% (n=14) of the group were women. It should be noted
that the 14 women who experienced significant deterioration constitute 45.2% of the women
in the whole study cohort while the men who deteriorated significantly comprised 34.5% of
the whole male cohort. The median baseline ABPI was 0.69 (IQR 0.55, 0.89) and 0.6 (IQR 0.5,
0.74) when excluding calcified arteries. Baseline median TBPI was 0.37 (IQR 0.27, 0.46).
Infrapopliteal artery disease (IPA) was present in 46.7% of this group. A high prevalence of
diabetes (78.2%), hypertension (89.1%), hyperlipidaemia (80%) and smoking history (72.7%)
was also evident. The majority (81.8%) of the participants in this group were on best medical

therapy at baseline taking anti platelet and statin therapy.

200




Table 7.9: Baseline blood parameters of participants who experienced significant deterioration - ABPI

Blood parameters n=55 Median IQR 1 IQR 3 Normal range
eGFR mls/min/1.73m? 77 51 92 > 60
Cholesterol mmol/I 4.4 3.6 4.9 2.0-5.0
Triglyceride mmol/Il 1.45 1.0 2.03 0.1-2.26
HDL Cholesterol mmol/l 1.21 1.02 1.45 0.9-1.45
Non HDL Cholesterol mmol/l 3.31 2.37 3.53 0-3.36
LDL Cholesterol mmol/l 2.47 1.63 2.86 0.1-3.88
Total Cholesterol 3.58 2.66 4.58 -
HbAlc % 6.6 5.8 7.6 4.7-6.4
Fasting glucose mmol/l n=42 7.55 5.54 9.5 3.88-6.38
Creatinine umol/l 85 72 126 59-104
CRP mg/L n=54 3 1.18 7.8 0-5
ESR mm 1% Hr n=51 18 8 34 28-32

Table 7.9 presents the blood parameters measured at baseline of the participants who
experienced significant deterioration measured by ABPI within the study period. The median
fasting blood glucose and HbAlc level were above the normal range at baseline (7.55mmol/L
and 6.6% respectively) and the ESR level was below the normal range (18mm1st Hr). The total
cholesterol of 3.58 indicates a high risk of heart disease. The rest of the blood parameters

recorded were within the normal ranges.

7.4.6.2 Baseline parameter differences in participants who experienced

significant decline assessed by ABPI or CLI

Initial analysis included assessing the difference in baseline parameters between those
participants who experienced a significant deterioration (decline in ABPI of >0.15 or CLI
within 2 years) and those who did not. Continuous variables were assessed statistically using
the Mann Whitney U test between the 2 groups. A non-parametric test was applied since the

parameters do not have a normal distribution as shown by the Shapiro Wilk test (Appendix 11).
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Results of the Mann Whitney test are shown in the table 7.10. Differences in categorical
variables between the two groups were assessed statistically using the Chi square test. Results

are presented in table 7.11.

The differences between baseline parameters of those who experienced a significant
deterioration assessed by ABPI or development of CLI (n=55) and those who did not (n=58)

are presented in table 7.10.

Table 7.10 Baseline parameter differences between participant with significant ABI decline
and participants without significant ABI decline within 2 years. Mann Whitney U test

Baseline G .
parameters roups N Median  IQR 1 IQR 3 Mann
) P value
Whitney U
ABPI* Sig deterioration ABPI 40 0.61 0.51 0.74
772 0.2
baseline No sig deterioration 47  0.66 0.56 0.76
ABPI Sig deterioration ABPI 55 0.69 0.55 0.89
. 1568 0.88
baseline No sig deterioration 58 0.69 0.56 0.84
TBPI Sig deterioration ABPI 55 0.37 0.27 0.46
) 1328 0.13
baseline No sig deterioration 58 0.42 0.32 0.52
Absolute toe  Sig deterioration ABPI 55 57 44.00 73.00
pressure No sig deterioration 58 1366 0.18
baseline 61.50 45.50 88.25
BMI Sig deterioration ABPI 55  27.50 24.80 29.60
1470 0.47
No sig deterioration 58 2790 25.60 29.75
Age Sig deterioration ABPI 55  72.00 66.00 77.00
1573.5 0.9
No sig deterioration 58  70.00 64.50 80.00
Smoking Sig deterioration ABPI 20  45.50 40.00 54.50
duration No sig deterioration 21
195 0.7
Current
smokers 50.00 40.00 58.50
Pack Years  Sig deterioration ABPI 20  53.00 28.06 77.50
smoked No sig deterioration 21
179.5 0.43
Current
smokers 37.50 23.50 68.25
eGFR Sig deterioration ABPI 55 77 51 92
1498.5 0.58
No sig deterioration 58  77.50 55.75 95.50
Cholesterol  Sig deterioration ABPI 55 4.4 3.6 49
1346.5 0.15
No sig deterioration 58 4.01 3.42 4.87
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Triglyceride Sig deterioration ABPI 55 1.45 1.0 2.03
1523.5 0.68
No sig deterioration 58 1.67 1.00 2.19
HDL Sig deterioration ABPI 55 1.21 1.02 1.45
1281 0.07
Cholesterol  No sig deterioration 58 1.09 .90 1.33
Non HDL  Sig deterioration ABPI 55 3.31 2.37 3.53
1458 0.43
Cholesterol  No sig deterioration 58 2.92 2.22 3.84
LDL Sig deterioration ABPI 55  2.4700 1.63 2.86
1435.5 0.36
Cholesterol  No sig deterioration 58 218 1.50 2.66
Total Sig deterioration ABPI 55 3.58 2.66 4.58
1495 0.57
Cholesterol  No sig deterioration 58 3.57 291 4.69
HbAlc Sig deterioration ABPI 55 6.6 5.8 7.6
1541.5 0.76
No sig deterioration 58 7.00 5.90 7.60
Creatinine  Sig deterioration ABPI 55 85 72 126
1584.5 0.95
No sig deterioration 58  87.00 72.75 110.50
CRP Sig deterioration ABPI 54 3 1.18 7.8
1100 0.04
No sig deterioration 53 1.70 .80 4.15
ESR Sig deterioration ABPI 51 18 8 34
1215.5 0.57
No sig deterioration 51 15.00 9.00 29.00
Systolic Sig deterioration ABPI 55 149 131.00 161.00
blood No sig deterioration 58 1592.5 0.99
pressure 146.50 131.25 162.25

The results indicate that participants who experienced a significant deterioration in ABPI and
/or developed CLI had higher CRP values at baseline (p=<0.05). There was no significant
difference in other parameters recorded at baseline between participants who experienced a

significant deterioration detected by ABPI and participants who did not.
The baseline parameter differences of categorical variables between participants who

experienced a significant deterioration measured by ABPI decline and participants who did

not, are presented in table 7.11.
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Table 7.11: Difference in baseline parameters between participants who had a significant decline in ABPI and

participants who did not experience significant decline. Chi square test.

% within

Parameter = Category Group N X2 df P value
group
PT Doppler Biphasic Sig deterioration ABPI 5 9.1
waveform No sig deterioration 8 13.8
Monophasic = Sig deterioration ABPI 28 50.9
1.67 2 0.43
No sig deterioration 33 56.9
Monophasic ~ Sig deterioration ABPI 22 40
-continuous  No sig deterioration 17 29.3
DP Doppler Biphasic Sig deterioration ABPI 3 5.5
waveform No sig deterioration 5 8.6
Monophasic = Sig deterioration ABPI 24 43.6
3.17 2 0.20
No sig deterioration 33 56.9
Monophasic = Sig deterioration ABPI 28 50.9
-continuous  No sig deterioration 20 34.5
Gender Male Sig deterioration ABPI 41 74.5
No sig deterioration 51 87.9
3.43 1 0.06
Female Sig deterioration ABPI 14 25.5
No sig deterioration 7 12.1
Smoking Current Sig deterioration ABPI 18 32.7
status smoker No sig deterioration 21 36.2
Past smoker  Sig deterioration ABPI 22 40
2.37 2 0.31
No sig deterioration 28 483
Never Sig deterioration ABPI 15 27.3
smoked No sig deterioration 9 15.5
Diabetes Sig deterioration ABPI 43 78.2
0.006 1 0.94
No sig deterioration 45 77.6
Hypertension Sig deterioration ABPI 49 89.1
0.17 1 0.68
No sig deterioration 53 91.4
Hyperlipidaemia Sig deterioration ABPI 44 80
0.55 1 0.46
No sig deterioration 43 74.1
Cardiac Disease Sig deterioration ABPI 22 40
0.11 1 0.74
No sig deterioration 25 43.1
Renal Disease Sig deterioration ABPI 22 40
0.99 1 0.32
No sig deterioration 18 31
Taking antiplatelet and/or  Sig deterioration ABPI 45 81.8
) 0.02 1 0.89
anticoagulant No sig deterioration 48 72.8
Stati Sig deterioration ABPI 42 76.4
atns 0.37 1 0.54
No sig deterioration 47 81
Ace inhibitor Sig deterioration ABPI 31 56.4 0.46 1 0.5
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No sig deterioration 29 50
Angiotensin II Antagonist  Sig deterioration ABPI 7 12.7
0.45 1 0.5
No sig deterioration 10 17.2
Calcium channel blocker Sig deterioration ABPI 12 21.8
0.83 1 0.36
No sig deterioration 17 293
Beta blocker Sig deterioration ABPI 3 5.5
0.92 1 0.38
No sig deterioration 6 10.3
Previous major event Sig deterioration ABPI 26 473
0.07 1 0.79
No sig deterioration 26 44.8
Infrapopliteal artery Sig deterioration ABPI 29 52.7
) 1.05 1 0.31
disease No sig deterioration 25 43.1

The results in the cross tab (table 7.11) indicate that there was no significant difference in the
baseline categorical parameters recorded between the participants who experienced a

significant deterioration detected by ABPI decline and participants who did not (p==>0.05).

7.4.6.3 Baseline characteristics of participants with a significant haemodynamic

decline by TBPI

Similar to the participants who experienced deterioration detected by ABPI decline, the
baseline descriptive data of participants who experienced a haemodynamic decline detected by

TBPI (decline by >0.1 and/or deterioration to CLI) are presented below in tables 7.12 and 7.13.

Baseline Variables n=68 Mean / median/ SD IQR Percentage
| Frequency within group | | | within group
ABPI median IQR 0.68 0.55,0.86
ABPT* (n=50) median IQR 0.60 0.51,0.71
TBPI median IQR 0.42 0.32,0.53
TBPI* (n=68) median IQR 0.42 0.32,0.53
Absolute toe pressure (mmHg) median IQR 60.5 46.7, 84.7
PT Doppler Biphasic 6 8.8
waveform n,%
Monophasic 36 52.9
Monophasic-continuous 26 38.2
DP Doppler Biphasic 4 5.9
waveform n,% Monophasic 32 47.1
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Monophasic-continuous 32 47.1
I | I I
Disease IPA disease present 36 52.9
1 0,
Location n,% No IPA disease present 32 47.1
I | I I
Claudication distance (m) median [QR 100 50, 150
I | I I
Gender Male 51 75
o
n,% Female 17 25
I | I I
BMI mean SD 27.40 4.17
I | I I
Age (years) mean SD 71.35 7.96
I | I I
Smoking Current smoker 25 36.8
status n,% ' [ [
Past smoker 28 41.2
Never smoked 15 22.1
| I I
Diabetes n,% 54 79.4
I | I I
Hypertension n,% 60 88.2
] | I I
Hyperlipidaemia n,% 53 77.9
I | I I
Cardiac disease n,% 27 39.8
I | I I
Renal disease n % 21 30.9
I | I I
Systolic blood pressure (mmHg) mean SD 149 20.9
] | I I
Previous major event (MI/stroke) n,% 29 42.6
I | I I
Experienced MACCE n,% 8 11.8
I | I I
Underwent revascularisation n,% 30 441
I | I I
Deteriorated to CLI n,% 35 51.5
I | I I
Taking statins and/or antiplatelet n,% 51 75
I | I I
Ace inhibitor n,% 35 51.5
] | I I
Angiotensin II antagonist n,% 10 14.7
I | I I
Calcium channel blocker n,% 17 25
I | I I
Beta blocker n,% 4 59

Table 7.12 : Baseline characteristics of participants who experienced a significant decline in TBPI and/or CLI
within 2 years. TBPI* - excluding known calcified reading at baseline.
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Table 7.12 describes the baseline characteristics of participants who experienced a significant
deterioration measured by TBPI or who developed CLI. This group had a mean age of 71.35
years and were predominantly male (75%, n=51) while 25% (n=17) of the group were women.
It should be noted that the 17 women who experienced significant deterioration by TBPI
comprised 54.8% of the women in the whole study cohort while the men who deteriorated
significantly comprised 42.8% of the whole male cohort. The median ABPI was 0.69 (IQR
0.55, 0.86) and 0.6 (IQR 0.51, 0.71) when excluding calcified arteries. The median TBPI was
0.42 (IQR 0.32, 0.53). Infrapopliteal artery disease (IPA) was present in 52.9% of this group.
A high prevalence of diabetes (79.4%), hypertension (88.2%), hyperlipidaemia (77.9%) and
smoking history (78%) was also evident. Two thirds (75%) of the participants in this group

were on best medical therapy at baseline taking anti platelet and statin therapy.

Table 7.13: Baseline blood parameters of participants who experienced significant deterioration - TBPI
Blood parameter n=68 Median IQR 1 IQR 3 Normal range
eGFR 78.5 56.5 94.5 > 60
Cholesterol mmol/I 4.46 35 5.0 2.0-5.0
Triglyceride mmol/l 1.47 1.14 2.06 0.1-2.26
HDL Cholesterol mmol/l 1.17 0.9 1.4 0.9-1.45
Non HDL Cholesterol mmol/l 3.19 24 3.6 0-3.36
LDL Cholesterol mmol/l 2.4 1.5 2.97 0.1-3.88
Total Cholesterol 3.82 1.10 4.5 -
Fasting Glucose mmol/l n=52 7.89 5.8 10.2 3.88-6.38
HbAlc % 6.8 5.8 7.9 47-64
Creatinine umol/I 81.5 70.5 107 59 -104
CRP mg/L n=65 3.1 9.55 0.9 8.0
ESR mmlst Hr n=63 16 9.0 35.7 28-32

Results (Table 7.13) show that for participants who experienced significant deterioration
measured by TBPI, the median fasting blood glucose and, HbAlc level, were above the normal

range at baseline (7.89mmol/L and 6.8% respectively) and the ESR level was below the normal
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range (16mm1lst Hr). The total cholesterol of 3.82 indicates a high risk of heart disease. The

rest of the blood parameters recorded were within the normal ranges.

7.4.6.4 Baseline parameter differences in participants with significant

haemodynamic decline - TBPI

Initial analysis included assessing the difference in baseline parameters between those
participants who experienced a significant haemodynamic decline in TBPI of >0.1 or
developed CLI within 2 years and those who did not. Continuous variables were assessed
statistically by the Mann Whitney U test between the 2 groups. A non-parametric test was
applied since the parameters do not have a normal distribution as shown by the Shapiro Wilk
test (Appendix 11). Results of the Mann Whitney test are shown in the table 7.14. Differences
between the 2 groups in categorical variables were assessed statistically using the Chi square

test. Results are presented in table 7.15.

In the analysis, the differences between baseline parameters of those who experienced a
significant haemodynamic decline measured by TBPI (n=68) and those who did not (n=63) are
presented. A similar process to that used to calculate deterioration by ABPI was applied.
Participants whose improvement was attributed to revascularisation for IC were excluded from
the analysis since the natural process of the disease could not be calculated. Participants who
underwent revascularisation due to CLI were included since the deterioration was determined

by the clinical symptoms.

Table 7.14. Differences in baseline parameters between participants who experienced significant

Deterioration within 2 years measured by TBPI decline or developed CLI and participants who did not.

Mann
Baseline parameters N  Median IQR1 IQR3  Whitney P value
U
T T T T

IABPI baseline Significant deterioration- TBPI 68 0.68 0.55 0.84  2056.5 0.92

No sig deterioration 63 0.69 0.56 0.82
TBPI baseline Significant deterioration- TBPI 68 0.42 0.32 0.53 1830 0.19

No sig deterioration 63 0.38 0.27 0.47
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[Absolute toe

[pressure

BMI

Age

Claudication

distance

Smoking
duration
Current

smokers

Pack Years
smoked
Current

smokers

eGFR

Cholesterol

Triglyceride

HDL

Cholesterol

Non HDL

Cholesterol

LDL
Cholesterol

Total

Cholesterol

HbAlc

Significant deterioration- TBPI

No sig deterioration
Significant deterioration- TBPI
No sig deterioration

Significant deterioration- TBPI

No sig deterioration

Significant deterioration- TBPI

No sig deterioration

Significant deterioration- TBPI

No sig deterioration

Significant deterioration- TBPI

No sig deterioration

Significant deterioration- TBPI

No sig deterioration

Significant deterioration- TBPI

No sig deterioration
Significant deterioration- TBPI
No sig deterioration

Significant deterioration- TBPI

No sig deterioration

Significant deterioration- TBPI

No sig deterioration

Significant deterioration- TBPI

No sig deterioration

Significant deterioration- TBPI

No sig deterioration

Significant deterioration- TBPI

68

63

68

63

68

63

68

63

26

22

26

22

68

63

68

63

68

63

68

63

68

63

68

63

68

63

68

60.50

55.00

27.60

28.70

70.50

70.00

100

100

50.00

44.50

50.00

42.50

78.50

73.00

4.46

3.94

1.47

1.36

1.17

3.20

2.87

2.41

2.18

3.72

343

6.80

48.25

40.00

24.85

25.50

66.00

62.00

50.00

50.00

42.00

35.00

25.00

28.00

56.50

51.00

3.49

3.40

0.85

0.90

0.93

2.38

2.18

1.53

1.55

291

2.82

5.80

84.75

71.00

29.18

30.40

77.00

77.00

150.00

200.00

56.00

57.75

80.00

62.75

94.50

94.00

4.97

4.92

2.06

2.19

1.40

1.33

3.61

3.86

2.97

2.65

4.54

4.86

7.93

1825

1859

1856.5

1907

241

239

2014

1957.5

1886.5

2102

1876.5

2020.5

1999

2103.5

0.18

0.24

0.24

0.34

0.35

0.33

0.65

0.48

0.3

0.97

0.28

0.68

0.6

0.97
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No sig deterioration 63  6.70 6.00 7.60

Creatinine Significant deterioration- TBPI 68 81.50 70.50 107.00  1908.5 0.35
No sig deterioration 63 90.00 73.00 125.00

CRP Significant deterioration- TBPI 65 3.10 0.90 8.00 1453 0.07
No sig deterioration 56 1.60 1.10 4.18

ESR Significant deterioration- TBPI 62 16.00 9.00 3570 14885 0.3
No sig deterioration 54  14.50 8.00 25.00

There was no significant difference in the continuous variables measured between participants

who experienced a significant deterioration detected by TBPI and participants who did not.

Parameter Category
PT Biphasic
Doppler
waveform

Monophasic
Mono-cont
DP Biphasic
Doppler
waveform
Monophasic
Mono-cont

Group

Sig deterioration TBPI

No sig deterioration

Sig deterioration TBPI

No sig deterioration

Sig deterioration TBPI

No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI
No sig deterioration

Sig deterioration TBPI

N

10

36

32

24

20

32

28

30

%

within

group

16.1

54.5

51.6

36.4

323

11.3

48.5

45.2

45.5

Table 7.15: Differences in parameters at baseline between participants who had a significant decline

in TBPI and participants who did not experience significant decline. Chi square test.

X? df P value
1.47 2 0.48
1.19 2 0.57
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Gender Male

Female
Smoking Current
status smoker
Past
smoker
Never
smoked
Diabetes
Hypertension
Hyperlipidaemia

Cardiac Disease

Renal Disease

Taking antiplatelet

and/or anticoagulant

Ace inhibitor

Angiotensin II

Antagonist

No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI

No sig deterioration
Sig deterioration TBPI

No sig deterioration

Sig deterioration TBPI

No sig deterioration
Sig deterioration TBPI
No sig deterioration
Sig deterioration TBPI

No sig deterioration

27

50

54

17

24

22

28

30

15

11

53

42

59

55

53

49

27

30

21

23

51

56

35

30

10

10

43.5

74.2

85.7

25.8

14.3

35.8

34.9

41.8

47.6

224

17.5

79.1

66.7

88.1

87.3

79.1

77.8

40.3

47.6

313

36.5

76.1

88.9

52.2

47.6

14.9

15.9

2.5

0.65

2.55

0.017

0.03

0.71

0.39

3.64

0.28

0.022

1

1

0.114

0.72

0.11

0.89

0.85

0.4

0.53

0.06

0.6

0.88
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Calcium channel blocker Sig deterioration TBPI 17 25.4 0.04 1 0.84
No sig deterioration 17 27

Beta blocker Sig deterioration TBPI 4 6 1.11 1 0.29
No sig deterioration 7 11.1

Previous major event Sig deterioration TBPI 29 433 1.07 1 0.3
No sig deterioration 33 52.4

Infrapopliteal artery Sig deterioration TBPI 35 522 2.62 1 0.11

disease
No sig deterioration 24 38.1

Results presented in table 7.15 indicate that there was no significant difference in categorical
baseline parameters between participants who experienced significant deterioration measured
by TBPI (= 0.1) within 2 years and those who did not. Although there were some percentage
differences between parameters (Eg: among those who deteriorated 79.1% were diabetic while
among those who did not deteriorate 66.7% were diabetic; the presence of infrapopliteal artery
disease was higher in the group who deteriorated 52.2% compared to those who dis not 38.1%)),

these differences were not statistically significant.
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7.4.6.5 Association between haemodynamic decline and Doppler waveform

analysis

The association between haemodynamic deterioration assessed by Doppler waveforms (n=40)
and haemodynamic deterioration confirmed by significant decline in ABPI and TBPI and was
analysed using the X test. Participants who had an increase in ABPI / TBPI due to MAC or
revascularisation were excluded as illustrated in figures 7.9 and 7.10. Therefore, in this analysis
participants who experienced a significant haemodynamic decline in ABPI (by >0.15) (n=20)
or in TBPI (by >0.1) (n=31) were included.

Waveform Waveform

deterioration n=40 deterioration n=40

Excluded due to ABPI
increase due to MAC / B
revascularisation n=20

Excluded due to TBPI
increase due to MAC / |oum
revascularisation n=9

Experienced significant Did not experience

. oE ore Experienced significant Did not experi
hy decl ABPI S perience
- bi’cigi 15n haemostigﬁéﬁlciin(tlecline ACAMOCCCUREIREEEL S i ]
> by ABPI (>0.15) n=3 by >0.1 haemodynamic decline
n=17 M : n=17 by TBPI (>0.1) n=14
Figure 7.9 Doppler waveform deterioration and ABPI decline Figure 7.10 Doppler waveform deterioration and TBPI decline
N (% within
Variables Chi Square df P value
group)
Deterioration in Significant ABPI decline 17 (81%) 14.44 1 <0.001
Doppler waveform I -
No Significant decline 3 (19%)
Deterioration in Significant TBPI decline 17 (54.8%) 3.67 1 0.049
Doppler waveform I i
No significant decline - TBPI | 14 (45.2%)

Table 7.16 Association between significant decline in ABPI/ TBPI and Doppler waveforms. Chi square test.

The results indicate that ABPI and TBPI decline were significantly associated with a decline

in Doppler waveforms (p=<0.001 and p=0.05 respectively).
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7.4.7 Predictors for significant deterioration

Binomial logistic regression models were applied to determine factors independently
associated with deterioration detected both by significant decline in ABPI and/ or TBPI or CLI.
The results of the regression models are given as the odds ratio (OR) and 95% confidence

interval (95% CI).

Due to the inherent limitations associated with the interpretation of ABPI in cases of MAC,
two separate regression models were applied. The first model (Regression Model 3) included
baseline ABPI excluding known falsely elevated readings due to calcified arteries as a
haemodynamic measure. Toe brachial pressure indices and absolute toe pressures were not
included in this analysis, while the rest of the factors measured and participants’ characteristics
recorded at baseline were included. The number of participants in this analysis was 87
(Significant deterioration ABPI or CLI n=40, No sig deterioration n=47). In the second model
(Regression Model 4) ABPI was excluded from the analysis and TBPI and absolute toe
pressures were included. The number of participants in this model was 131 (Significant
deterioration TBPI or CLI n=68, No sig deterioration n=63). One participant who had known

falsely elevated toe pressures at baseline was excluded.

The results of the initial model of Regression model 3 and Regression model 4 are presented
in Appendix 13 ‘Regression Models results’. All the baseline factors recorded were inserted in
the models and the interaction effect was analysed by backward elimination. The tables 7.17
and 7.18 present the final models and the significant predictors for significant haemodynamic
deterioration ABPI or CLI (table 7.17) and TBPI or CLI (table 7.18) identified through this

analysis.

7.4.7.1 Predictors for deterioration by significant ABPI decline or CLI

The results of the regression model identifying significant predictors for participants who are

more likely to deteriorate not only to CLI but also to experience a significant decline in ABPI

measures are presented.
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Table 7.17. Predictors for significant deterioration by ABPI or CLI
Parameter Estimates
95% Confidence
Std. Odds Interval for OR
ABPI Sig Decline® B Wald df Sig )
Error ratio Lower Upper
Bound Bound
Significant ABPI Intercept 1.64 89| 344 1.00 0.06
decline /CLL - pomale 191 72| 705 100 001 6.73 165 27.49
Male .00P ) . .00
Calcium channel -1.61 .64 625 1.00) 0.01, 0.20 .06 1
blocker
No Calcium .00P . ) .00
channel blocker
Antiplatelet or -1.45 00 432, 1.00 0.04| 0.24 .06 92
anticoagulant
No Antiplatelet .00P . . .00
or anticoagulant
Infrapopliteal 1.01 0.50 4.13 1.00 0.04| 2.75 1.04 7.30
artery disease
No Infrapopliteal .00P . ) .00
artery disease
a. The reference category is: No Sig ABI decline exc revasc.
b. This parameter is set to zero because it is redundant.
Pseudo R-Square Cox and Snell Nagelkerke McFadden
177 236 141
Table 7.17b

This four predictor model indicates that female gender, lack of calcium channel blockers, lack

of antiplatelet or anticoagulant therapy and infrapopliteal artery disease are significant

predictors of experiencing a significant deterioration in ABPI (>0.15) or CLI within 2 years.

The results of this regression analysis indicate that female participants were 6.73 times more

likely to have a significant deterioration than male participants. Participants presenting with

infrapopliteal artery disease are 2.75 times more likely to experience a significant deterioration
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than participants who do not present with infrapopliteal artery disease; participants who lack
antiplatelet or anticoagulant therapy are 4.17 times more likely to experience significant
deterioration and participants who lack calcium channel blockers therapy are 5 times more

likely to experience a significant deterioration in ABPI within 2 years.
7.4.7.2 Predictors for deterioration by significant TBPI decline or CLI
The results of the regression model identifying significant predictors for participants who are

more likely to deteriorate not only to CLI but also to experience a significant decline in TBPI

measures are presented in table 7.18.

Table 7.18 Predictors for significant deterioration TBPI or CLI
Parameter Estimates
95% Conf Int for
. o Odd
Significant deterioration Std. ) OR
B Wald  df Sig. S
measured by TBPI* Error . Lower Upper
ratio
Bound Bound
Significant Intercept -.19 .68 .08 1.00 78
deterioration  penale 138 .63 474 100  0.03 3.97 1.15 13.76
LIS Male .00P . . .00
Diabetes 2.05 .64 10.25 1.00  0.0001 7.73 2.21 27.02
No Diabetes .00° . ) .00
Antiplatelet or = -2.04 72 816 1.00  0.0001 0.13 0.03 0.53
anticoagulant
No Antiplatelet .00P . . .00
or anticoagulant
Beta blocker -1.87 1.01 343 1.00 0.06 0.15 0.02 1.12
No Beta blocker ~ .00P . . .00
CRP .09 0.04 4064 1.00 0.03 1.09 1.01 1.18
a. The reference category is: No significant deterioration measured by TBPI.
b. This parameter is set to zero because it is redundant.
Pseudo R-Square Cox and Snell Nagelkerke McFadden
218 291 178
Table 7.18b
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This four predictor model indicates that female gender, diabetes, lack of antiplatelet or
anticoagulant therapy and a high CRP are significant predictors of experiencing a significant

deterioration within 2 years.

While logistic regression reports the odds ratio of the variables of interest, in this study the
relative risk of the variables which were identified as significant independent predictors for the
development of CLI was also calculated. As described in detail in chapter 5, since the incidence
of CLI in the general population is less than 10% (0.24% (Jensen et al., 2006; Nehler et al.,
2014)), the odds ratio and relative risk are very similar and do not vary and the rare disease
assumption is applied where the OR derived from the logistic regression analysis can be

expressed as RR (J. Zhang & Kai, 1998).

Therefore, the results of this study indicate that female participants are 4 times more likely to
have a significant deterioration than male participants; participants presenting with diabetes
are 7.7 times more likely to experience a significant deterioration than participants who do not
have diabetes, participants who lack antiplatelet or anticoagulant therapy are 7.7 times more
likely to experience significant deterioration and with every 1 unit increase in CRP, the risk of

deterioration increases by 1.1 times.

Following the analysis of the several baseline variables recorded, results of this study indicate
that baseline ABPI, TBPI and HbA1c were found to be significant predictors for deterioration
to CLI. Additionally, female gender, diabetes, no antiplatelet or anticoagulant therapy, no
calcium channel blockers, high CRP and the presence of infrapopliteal artery disease were
found to be significant predictors for significant haemodynamic decline and clinical
deterioration to CLI. Further analysis of these identified predictors was applied in order to
analyse the possibility of proposing an algorithm for the early identification of individuals who

are more likely to deteriorate within 2 years.
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7.4.8 Predicting deterioration to CLI — development of a clinical predictive model

In order to develop a clinical prediction model which can identify those at risk of deterioration
and predict the prognosis of the lower limb of the individual patient, further analysis was
required. When designing a clinical prediction model, to determine an unbiased estimate of
effect, while minimizing conditional associations between variables, which may happen when
a large number of variables are entered in the analysis, variable selection was required
(Chowdhury & Turin, 2020). In studies where more than 30 independent variables are
recorded, variable selection is required in order to design a predictive model which can predict
unbiased effect estimates (Heinze, Wallisch and Dunkler, 2018). Variable selection in clinical
prediction modeling improves the performance of the model in terms of prediction and offers
better data visualisation (Chowdhury & Turin, 2020). The method applied for variable selection
in this study was based on significance criteria (Heinze, Wallisch and Dunkler, 2018) where
variables which were found to be significant predictors for deterioration, that is, development
of CLI, significant decline in TBPI and ABPI, served as a method of systematic selection of
variables that provide the best fit for the predictive model. The significant predictors identified
in the analysis for significant deterioration including those identified for development of CLI
and for significant decline in ABPI and TBPI were applied in a binomial logistic regression
model in order to compute a combined log of odds ratio using deterioration to CLI as the
dependent variable. This combined predictive variable was used for the receiver operator
characteristic curve (ROC) analysis which measures the diagnostic ability of the combined

probability variable.

The results of this regression model are presented in table 7.19.
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Table 7.19 Significant predictors for deterioration. Regression analysis.

Std.
Deterioration to CLI? B Wald
Error
Did not Intercept -2.742 235 136
deteriorate to
CLI ABPI baseline 390 2.07 3.53

TBPI baseline 6.701 2.61 6.61

CRP -.051 .06 .87

HbAlc -.269 24 122

No IPA disease 1.796 .66 731

IPA disease ob

Gender Female 375 72 27
Male 0P

Diabetes -.182 .88 .04

No Diabetes 0®

Antiplatelet or -.496 .99 25

anticoagulant

No Antiplatelet 0P

or anticoagulant

Calcium 1.351 79 0 2.90

channel blocker

No Calcium ob

channel blocker

a. The reference category is: Deteriorated to CLI.

b. This parameter is set to zero because it is redundant.

Parameter Estimates

df

1.00

1.00

1.00

1.00
1.00
1.00

.00
1.00

.00
1.00

.00
1.00

.00

1.00

24

049

.01

35

27

.01

.60

.84

.62

.09

Odds

ratio

4.41

6.9

.95

76

6.02

1.45

.83

.61

3.86

95% Confidence Interval

for OR
Lower Upper
Bound Bound
.02 .30
.03 .52
.85 1.06
47 1.23
1.64 22.14
.36 5.95
15 4.67
.09 4.27
.82 18.27

Results of the logistic regression model indicate that baseline ABPI and TBPI and the presence

of infrapopliteal artery disease were significant predictors (p=<0.05) for deterioration.

Therefore, the derived coefficients in the table 7.19 (predictive values) and intercept were used

to compute a combined probability variable and plot the ROC presented in figure 7.11.
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Figure 7.11 ROC of combined predictive values of ABPI, TBPI and IPA disease

An ROC curve is a performance measurement of the diagnostic ability of a model or
classification tool (Y. Zhan et al., 2016). It shows the ability of a particular model to predict a
specified outcome an individual is more likely to experience. In order to quantify the ability of
the model using ABPI, TBPI and IPA disease to predict the outcome (deterioration to CLI),

the ‘area under receiver operator characteristic’ curve (AUROC) was calculated.

Table 7.20 AUROC analysis for combined predictive value of significant predictors for deterioration

Area Under the Curve

Test Result Variable(s): Combined Predictive value ABPI,TBPI + Infrapopliteal artery disease

Area Std. Error® Asymptotic Sig.’ Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
I I I I
.82 .044 .000 0.733 0.905

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

An AUROC analysis was performed in order to assess the suitability and diagnostic ability of
this model. Results in table 7.20 demonstrate that this model has significant predictive ability
for the development of CLI (p=<0.001) within two years. The strength of the model in
predicting CLI is demonstrated by the area under the receiver operator curve and indicates a

‘good’ level (Unal, 2017) of predictive value (0.82).

220



Apart from providing the diagnostic accuracy of a test, ROC analysis provides the optimal cut-
point values for the test, which requires the simultaneous assessment of sensitivity and
specificity (Unal, 2017). Identifying the cut-off points is a trade-off between what is more
clinically important- the sensitivity of the tool (i.e the accuracy of the tool in identifying the
true positives who are most likely to deteriorate to CLI) and the specificity of the tool (i.e the
accuracy of the tool in identifying those who are not likely to deteriorate). Prioritizing
sensitivity of an algorithm over specificity or vice versa needs to be adjusted according to the
clinical intervention in question. The relative importance of a false positive diagnosis versus a
false negative diagnosis (also referred to as relative misclassification) changes according to
effect of the test on the patient pathway and who is making the assessment (Mallett et al., 2012).
In other words, sensitivity is the primary consideration when the benefits of identifying more
true positives outweigh the negative consequences of including more false positives (Chubak
et al., 2012). An example of this would be that following identification of patients, the clinical
intervention would be increased follow-up frequency and closer haemodynamic monitoring,
where false positive participants would not be subjected to any increased risks (McNamara &
Martin, 2018). However, specificity should be prioritized over sensitivity in cases when the
clinical decision involves interventional risks (Pewsner et al., 2004), such as endovascular
treatment or a higher risk of open surgical intervention. In these cases, it is important not to
subject false positive participants to undue risk of surgical intervention, therefore the cut-off
point identified should have a high specificity value (Sanfilippo et al., 2017). Results of
diagnostic accuracy studies which aim to usefully inform clinical practice, should be related to

the decision regarding the clinical management of patients (Mallett et al., 2012).

In the case of this study, two different haemodynamic cut-off points were identified to be
applied for the identification of participants in two different clinical interventional decisions —

1) Increased frequency of haemodynamic monitoring and i1) consideration of revascularisation.

While the strength of the predictive model was obtained from the AUROC of the combined
plot, the cut-off points of the haemodynamic predictors (ABPI and TBPI) as a clinical tool to
identify participants who are more likely to benefit from a specified clinical intervention
(having optimal sensitivity and specificity adapted for a specific clinical interventional
decision) are identified from the individual ROC analyses of the predictors (figures 7.12 and
7.13).
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o ROC Curve ROC Curve
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Diagonal segments are produced by ties. Diagonal segments are produced by ties.

Fig. 7.12 ROC analysis of ABPI Fig. 7.13 ROC analysis of TBPI

For identifying participants who would benefit from closer haemodynamic monitoring due to
the probability of deteriorating to CLI, the ‘point closest to 0,1 approach was applied. This
approach is in agreement with Youden index approach which is an alternative commonly used
approach to determine cut-off values from the ROC curve (Unal, 2017). This approach
stipulates that sensitivity is the primary consideration and the benefits of identifying more true
positives outweighs the negative consequences of including false positives. The cut-off points
for ABPI and TBPI identified are indicated by the red arrows in figures 7.12 and 7.13. The
values of the haemodynamic parameters equivalent to the identified points on the individual
ROC plots are an ABPI of 0.64 and TBPI of 0.39 (individual sensitivity 77.8% and 73.5%
respectively) as defined by the co-ordinates of the plot presented in Appendix 14.

For identifying participants who would benefit from early endovascular or surgical intervention
due to the probability of deteriorating to CLI, specificity was optimized over sensitivity by
identifying cut-off points with a high specificity (McNamara & Martin, 2018). The strategy of
applying more stringent cut-off points in favour of a higher specificity is advised when a lower
number of false positives is desirable (Trevethan, 2017). The identified cut-off points are
indicated by the black arrows in figures 7.12 and 7.13 with the corresponding ABPI of 0.44
and a TBPI of 0.18 (individual specificity 98% and 96% respectively). The co-ordinates for
the individual ROC plots are presented in Appendix 14.

Therefore, results from this study indicate that individuals presenting with IC with an ABPI of
<0.64 combined with a TBPI of <0.39 and in the presence of infrapopliteal artery disease are

likely (probability 82%) to deteriorate to CLI within 2 years and would benefit from close
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haemodynamic monitoring. Participants presenting with IC in the presence of infrapopliteal
artery disease with an ABPI1<0.44 and a TBPI <0.18 are likely to deteriorate to CLI (probability
of 82%) and may benefit from early intervention. These models have a ‘good’ level of

predictive value (AUROC 0.82).

7.4.9 Disease Progression

A secondary aim of this study was the assessment of rate of progression of PAD among
participants with IC. The progression rate of participants who experienced different outcomes

within 2 years was assessed and presented in the following sections.

7.4.9.1 Haemodynamic progression

Table 7.21 and table 7.22 present the progression of PAD in terms of haemodynamic
parameters (ABPI and TBPI respectively) experienced by the study population over the 2 years.
For each outcome category, in order to also demonstrate the natural progression of PAD, the
means of participants excluding those who either developed calcification during the 2 years of
follow-up or underwent revascularisation are presented in the tables. The ABPI progression
results are presented in table 7.21 followed by TBPI progression results presented in table 7.22.
The differences between the values recorded at baseline, time 1 (after 1 year) and time 2 (after

2 years) were analysed using the Friedman test.
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Table 7.21: Friedman test comparing ABPI scores over time
Baseline 1 year 2 years Test
ABPI Median Median Median statistic Df P-value
(IQR) (IQR) (IQR)
0.66 0.75 0.73
All Participants n=150 | (0.55,0.81) | (0.6,0.97) | (0.57,0.96) 4.88 2 0.08
n=150 n=136 n=131
Excluding revascularised 0.66 0.68 0.65
participants and calcified | (0.56,0.77) | (0.55,0.81) | (0.54,0.76) 2.525 2 0.28
arteries n=73 n=64 n=61
Significant deterioration 0.69 0.76 0.67
(ABPI decline of 20.15 or | (0.55,0.89) | (0.58,0.94) | (0.53,0.92) 2.33 2 0.31
CLI) n=55 n=53 n=50
Significant deterioration 0.84 0.61 0.60
including ABPI decline of | (0.71,1.4) | (0.55,0.81) | (0.46,0.71) 0.092 2 0.96
>0.15 only n=20 n=20 n=20
& . (0.66,0.85) | (0.47,0.77) | (0.39,0.62) 0.043 2 0.98
>0.15 only and excluding =~ ” ”
. . n=14 n=14 n=14
calcified arteries
0.66 0.82 0.85
Developed CLI (0.51,0.7) | (0.58,0.99) | (0.62,1.26) 2.64 2 0.27
n=35 n=33 n=30
Excluding revascularised 0.64 0.82 0.54
participants and calcified | (0.49,0.71) | (0.54,0.86) | (0.48,0.71) 0.86 2 0.65
arteries n=6 n=5 n=5
0.71 0.70 0.80
Improved / stable All | (0.56,0.85) | (0.57,0.92) | (0.64,0.99) 5.42 2 0.06
n=29 n=24 n=26
Excluding revascularised 0.65 0.66 0.77
participants and calcified | (0.53,0.77) | (0.52,0.78) | (0.56,0.95) 4.36 2 0.113
arteries n=20 n=16 n=17

Deteriorated* =participants who demonstrated a decline in ABPI/TBPI/ waveforms within 2 years

Results in table 7.21 (results excluding revascularised or calcified arteries) show that after the
first year, the median ABPI of all the participants increased by 0.02 but after 2 years the median
decreased by 0.03, resulting in an overall decrease of 0.01 from baseline. A similar non-
statistically significant pattern, was observed in participants who deteriorated to CLI within 2
years where an increase in ABPI by 0.18 is observed after 1 year followed by a decrease of
0.28 after 2 years, leading to an overall decrease of 0.1 in 2 years. Participants who experienced
a significant decline in ABPI had a decline of 0.13 after 1 year and a further decline of 0.12

after the 2 years with an overall decline of 0.25 in ABPI over 2 years. Participants who had
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improved or stable haemodynamics had a decrease in ABPI by 0.01 after 1 year followed by
an increase of 0.1 after 2 years resulting in an overall increase in ABPI of 0.09 from baseline

within 2 years.

Table 7.22: Friedman test comparing mean parameter TBPI scores over time
Baseline 1 year 2 years Test
TBPI Median Median Median statistic Df P-value
(IQR) (IQR) (IQR)
.. 0.38 0.40 0.35
All Paitllgg’a“ts 028,05) | (030,0.56) | (0.23,057) | 579 2 0.06
n n=150 n=136 n=135
Excluding
revascularised 0.39 0.37 0.33
e —— (0.31,0.51) | (0.3,0.54) | (0.23,0.49) 1.88 2 0.39
calcified arteries n=91 n=81 n=78
Significant 042 0.4 0.29
(TB‘;‘itger;‘l’;i‘;‘;“z op | (032053) | (0.29,054) | (0.2,041) 4.61 2 0.1
and /or CLI) n=63 n=63 n=65
Significant
deterioration 0.51 0.4 0.26
(including TBPI (0.41,0.56) | (0.35,0.54) | (0.19,0.34) 2.05 2 0.34
decline of >0.1 only) n=33 n=32 n=33
. . 0.49 04 0.25
EXClud‘r‘t’g caleified | 39 0. 55) | (0.35.0.52) | (0.18,0.33) 3.29 2 0.19
arteties n=31 n=31 n=31
0.33 0.42 0.34
Developed CLI (0.2,0.43) | (0.28,0.54) | (0.23,0.46) 3.14 2 0.21
n=35 n=34 n=33
Excluding
. 0.36 0.4 0.28
pﬁiﬁ;ﬁ?iﬁ 4 | (026045) | (0.18,048) | (0.19,0.37) 1.2 2 0.55
calcified arteries 1tk NS =
0.38 0.5 0.55
Impmv:‘l’l/ stable | 26.0.53) | (033.07) | (035,066) | 12.35 2 0.002
n=29 n=23 n=26
Excluding
revascularised 0.38 0.43 0.55
participants and (0.29,0.48) | (0.33,0.68) | (0.37,0.68) 8.27 2 0.01
calcified arteries n=21 n=17 n=18

**Significant TBPI decline defined as a decline by 0.1 or more in TBPI between baseline and 2 years. Participants

who were revascularised due to IC were excluded from analysis related to TBPI decline.
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Results in table 7.22 (excluding revascularised or calcified arteries) show that after the first
year the median TBPI of all the participants decreased by 0.02 with a further decrease by 0.04
in the second year, resulting in an overall decrease of 0.06 in TBPI from baseline. This decrease
was not statistically significant (p=>0.05) and differs in pattern to the ABPI progression in
these participants. Participants who deteriorated to CLI had an increase in median TBPI after
1 year by 0.04 followed by a decrease of 0.12 in TBPI after 2 years leading to an overall
decrease of 0.08 in 2 years. This decrease was not statistically significant. Participants who
experienced a significant decline in TBPI had a decline of 0.09 after 1 year and a further decline
of 0.15 after the 2 years with an overall decline of 0.24 in TBPI within 2 years. Participants
who had improved or stable haemodynamics had an increase in TBPI of 0.05 after 1 year and
a further increase of 0.12 after 2 years resulting in an overall increase in TBPI of 0.17 from

baseline within 2 years. This increase was statistically significant (p<0.01).

The natural progression of PAD of participants who deteriorated to CLI and participants who
experienced significant haemodynamic decline without CLI symptoms is illustrated in figures
7.14 and 7.15. In order to portray the natural progression of the disease, participants who
underwent revascularisation or who developed MAC during the 2 years were excluded from

this analysis.

Natural progression of PAD by ABPI Natural progression of PAD by TBPI
Baseline 1 year 2 years Baseline 1 year 2 years
Significant deterioration cul Significant deterioration CLI
Fig. 7.14 Natural progression of PAD by ABPI Fig. 7.15 Natural progression of PAD by TBPI

The results illustrate that for participants who developed CLI, ABPI measurement declined by
0.1 while TBPI declined by 0.08 within 2 years. The decline occurred in the 2nd year after
initial presentation with IC. This similar pattern is also evident in the participants who
experienced significant haemodynamic decline where a higher rate of decline is demonstrated
within 2 years of initial presentation with IC when using TBPI as a haemodynamic measure of

PAD. Among these 9 participants, 5 deteriorated to CLI within 1 year (2 rest pain, 3 ulceration)
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and 4 deteriorated (4 ulceration) to CLI within 2 years. These participants were treated
conservatively up to the time of the study since endovascular revascularisation was not possible

and by-pass surgery imposed very high risks due to other comorbidities.

Therefore, the results of this study indicate that overall, participants presenting with IC had a
decline in ABPI of 0.01 and TBPI of 0.06 within 2 years, with a higher rate of decline in the
second year. Participants who eventually deteriorated to CLI had a higher decline in TBPI
(0.08) within 2 years, also with a higher rate of decline during the second year and a decline in
ABPI by 0.1. Participants with IC who experienced significant haemodynamic decline and
eventually deteriorated to very low haemodynamic levels, had a decline in ABPI of 0.25 and

TBPI of 0.24 within 2 years of initial presentation with IC.

7.4.9.1 Progression of PAD in all symptomatic limbs

While the sections above analysed the progression of PAD of the limb with worse outcome in
each participant since it was the main focus of this study, figures 7.16 and 7.17 illustrate the
progression of PAD of all the symptomatic limbs diagnosed with IC at recruitment. In total
there were 236 symptomatic limbs in 150 participants since 86 had bilateral IC and 64 had

unilateral IC as described in Chapter 6 (results of baseline data).

The following sections illustrate the progression of PAD in the symptomatic limbs (n=236) of

150 recruited participants.
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ABPI progression of all symptomatic TBPI progression of all symptomatic

limbs limbs
Baseline 1 year 2 years Baseline I year 2 years
e ABPI n1=236 @ TBP| N=236
e ABPI* excluding revascularisation & calcification @ TBP|* excluding revascularisation & calcification
n=123 n=123

Fig. 7.16 Natural progression of all limbs by ABPI Fig. 7.17 Natural progression of all limbs by TBPI

Figures 7.16 and 7.17 illustrate that the median ABPI of all the symptomatic limbs (excluding
calcified and revascularised arteries) decreased by 0.02 after 1 year followed by a decrease of
0.04 during the second year, indicating an overall decrease in ABPI of 0.06 within 2 years. A
higher rate of decline is evident during the second year. The median TBPI of all the
symptomatic limbs (excluding calcified and revascularised arteries) increased by 0.04 after 1
year followed by a decrease of 0.05 during the second year, indicating an overall decrease in

TBPI by 0.01 within 2 years.

7.4.9.3 The progressive pattern of PAD

While it was not the intention of this study to investigate the progressive pattern of PAD in IC,
the duplex scan reports of one of the participants, taken as an example, illustrate the
atherosclerotic progression in a patient who deteriorated to CLI. The scan in Figure 7.18 was
performed at initial presentation, where the patient was complaining of calf IC after 100m.
Three months following diagnosis, IC symptoms worsened and a PTA of the superficial
femoral, popliteal and posterior tibial artery was performed. The patient returned 9 months later
(Figure 7.19) with CLI (5% digit ulceration and ascending erythema), due to now occluded
distal SFA and occluded AT. At this stage he was booked for an urgent lower limb by pass.
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14.07.2016 26.04.2017

Fig 7.18 Duplex scan of participant at baseline Fig 7.19 Duplex scan 9 months following recruitment

The figures above illustrate the disease progression in a person living with diabetes
demonstrating that progression occurred in both the infra-inguinal and infrapopliteal regions.
The progression to CLI occurred within 9 months of initial diagnosis, resulting in the need for

urgent surgical intervention.

7.4.10 Improved or stable haemodynamics

The participants who demonstrated an improvement or no change in any of the haemodynamic
parameters recorded within 2 years were categorized as ‘improved or stable’. Baseline
haemodynamics (ABPI and TBPI) were subtracted from haemodynamics recorded after 2
years. Participants who did not experience a deterioration in any of the haemodynamic
parameters or Doppler waveforms were classified as having improved or having stable
haemodynamics. As in previous sections, participants who developed MAC or did not attend
for review were excluded from this analysis unless they developed CLI and were therefore
included in the ‘deteriorated’ group. The descriptive data and analysis of this group of

participants who had this outcome in 2 years are presented in the following sections.
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Improved / stable haemodynamics over 2 years

Improved /
stable

MAC

Missing data
Deteriorated

Fig.7.20 Proportion of participants with improved or stable haemodynamics after 2 years

Figure 7.20 illustrates that after 2 years 19.7% of the cohort demonstrated stable or improved
haemodynamics (n=29). Out of these participants, 3 underwent revascularisation due to IC, 11
reported that they started walking daily for at least 30 minutes, 8 participants stopped or

reduced cigarette smoking and 7 participants did not report any lifestyle change.

7.4.10.1 Descriptive characteristics of participants who had stable or improved

haemodynamics after 2 years

This section presents the baseline characteristics of the participants who had stable /

improved haemodynamics.

Table 7.23: Baseline characteristics of participants who improved or remained stable after 2 years

Mean/ Min / Max / Std.

median IQR 1 IQR 3 Deviation
TBPI baseline median , IQR 0.38 0.26 0.53 -
ABPI baseline median, IQR 0.71 0.56 0.85 -
ABPI* baseline n=22 median IQR 0.64 0.53 0.76 -
Absolute toe pressure baseline median 57 38.5 89 31.14
BMI 27.65 20.5 33.6 3.57
Age 68.14 47.0 84.0 9.84
Claudication distance baseline 100 50 200 -
Smoking duration of ex-smokers mean 41.62 30.0 53.0 7.23
Pack years Ex-smokers mean 47.35 9.0 99.0 25.26
Smoking duration Current smokers n=13 45.38 15.0 67.0 14.32
Pack Years smoked Current smokers n=13 43.17 6.7 112.5 33.52
Systolic blood pressure mean 146.10 111.0 198.0 20.73
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Table 7.24: Baseline characteristics of participants who improved / remained stable within 2 years

Baseline Variables n=29 Frequency within group % within group
PT Doppler Biphasic 5 34.5
waveform

Monophasic 10 17.2

Monophasic-continuous 14 48.3
DP Doppler Biphasic 3 31
waveform

Monophasic 9 10.3

Monophasic-continuous 17 58.6
Disease IPA disease present 13 44.8
Location

No IPA disease present 16 55.2
Gender Male 27 93.1

Female 2 6.9
Smoking Current smoker 13 44.8
status

Past smoker 13 44.8

Never smoked 3 10.3
Diabetes 21 72.4
Hypertension 25 86.2
Hyperlipidaemia 18 62.1
Cardiac disease 11 37.9
Renal disease 8 27.6
Previous major event (MlI/stroke) 13 44.8
Experienced MACCE 3 10.3
Taking statins, antiplatelet and/ or

. 24 82.8

anticoagulant
Ace inhibitor 12 41.4
Angiotensin I antagonist 4 13.8
Calcium channel blocker 9 31
Beta blocker 1 34
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Tables 7.23 and 7.24 describe the baseline characteristics of participants who had stable or
improved haemodynamics after 2 years. This group had a mean age of 68.4 years and were
predominantly male (93.1% n=27) and only 2 female participants were in this group. The
median ABPI was 0.71 (IQR 0.56 0.85) and 0.64 (IQR 0.53,0.76) when excluding calcified
arteries. The mean TBPI was 0.38 IQR 0.26,0.53) when excluding known falsely elevated
readings at baseline. There were more participants without IPA disease (55.2%) in this group
than participants who had infrapopliteal artery disease (44.8%). A high prevalence of diabetes
(72.4%), hypertension (86.2%), and smoking history (89.6%) was also evident. A high
percentage (82.8%) of the participants in this group were on recommended medical therapy at

baseline taking anti platelet and statin therapy.

Blood parameter n=29 Median IQR 1 IQR 3 Normal range
eGFR 89 55.5 101.5 > 60
Cholesterol mmol/I 4.09 3.23 5.18 2.0-5.0
Triglyceride mmol/l 1.36 0.78 2.1 0.1-2.26
HDL Cholesterol mmol/l 1.12 1.01 1.35 0.9-1.45
Non HDL Cholesterol mmol/l 2.79 2.08 4.02 0-3.36
LDL Cholesterol mmol/Il 223 1.52 2.88 0.1-3.88
Total Cholesterol 3.31 2.75 4.75 -
Fasting Glucose mmol/l n=22 7.22 5.42 9.6 3.88-6.38
HbAlc % 6.7 5.7 7.7 4.7-6.4
Creatinine umol/l 81 67.5 119.5 59 -104
CRP mg/L n=23 2.0 1.0 43 0-5
ESR mmlst Hr n=22 12.0 7.8 25.5 28 -32

Table 7.25: Baseline blood parameters of participants who experienced stable or improved haemodynamics

Table 7.25 presents the blood parameters measured at baseline of the participants who had
stable or improved haemodynamics after 2 years. The median fasting blood glucose and,
HbAlc level, were above the normal range at baseline (7.22 mmol/l and 6.7% respectively)
and the ESR level was below the normal range (12mm1st Hr). The cholesterol of 4.09mmol/I
indicates a high risk of heart disease. The rest of the blood parameters recorded were within

the normal ranges.
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7.4.10.2 Baseline parameter differences in participants who had stable or

improved haemodynamics

Initial analysis included assessing the difference in baseline parameters between participants
who had stable or improved haemodynamics and participants who had other outcomes.
Continuous variables were assessed statistically by the Mann Whitney U test between the 2
groups. A non-parametric test was applied since the parameters do not have a normal
distribution as shown by the Shapiro Wilk test (Appendix 11). Results of the Mann Whitney
test are shown in the table 7.26. Differences between the 2 groups in categorical variables were

assessed statistically by the Chi square test. Results are presented in table 7.27.

The following section presents the analysis of differences between the baseline variables of
participants who experienced haemodynamic improvement or were stable (n=29) and
participants who experienced haemodynamic deterioration (mild/ significant) (n=89) within 2

years.

Table 7.26: Difference in baseline parameters between participants who had improved or stable haemodynamics and participants who
had worse outcomes
Mean Std. 95% Confidence Min Max Mann P
Deviation Interval for Mean Whitney  value
u
Lower Upper
Bound Bound
I I I I I I I I
ABPI Worse outcome 0.73 0.33 0.67 0.79 0.4 1.60 1520 0.42
baseline
Improved or stable 0.80 0.35 0.67 0.93 0.43 1.60
TBPI Worse outcome 0.39 0.17 0.36 0.42 0.28 0.94 16575 0.9
baseline
Improved or stable 0.43 0.28 0.32 0.54 21 0.94
Absolute toe Worse outcome 59.95 26.15 55.14 64.76 8.00 136 1671 0.96
pressure
. Improved or stable 60.41 31.14 48.57 72.26 14.0 145
baseline
BMI Worse outcome 27.59 4.00 26.86 28.33 18.9 44.8 1585 0.63
Improved or stable 27.65 3.57 26.29 29.01 20.5 33.6
Age Worse outcome 70.34 8.98 68.69 72.00 38.0 88.0 1444 0.24
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Claudication
distance

baseline

Smoking
duration of

ex-smokers

Pack years

Ex-smokers

Smoking
duration
Current

smokers

Pack Years
smoked
Current

smokers

eGFR

Cholesterol

Triglyceride

HDL

Cholesterol

Non HDL

Cholesterol

LDL

Cholesterol

Improved or stable

Worse outcome

Improved or stable

Worse outcome

Improved or stable

Worse outcome

(n=47)

Improved or stable

n=13

Worse outcome

Improved or stable

Worse outcome

Improved or stable

Worse outcome

Improved or stable

Worse outcome

Improved or stable

Worse outcome

Improved or stable

Worse outcome

Improved or stable

Worse outcome

Improved or stable

Worse outcome

Improved or stable

68.14

134.96

153.45

40.23

41.62

76.92

47.35

45.78

45.38

58.81

43.17

77.10

82.17

4.44

437

1.70

1.88

1.24

1.20

3.20
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2.40

9.84

105.1

127.3

10.72

7.23

44.69

25.26

13.53

14.32

46.65

33.52

31.02

31.82

0.41

0.31

64.40

115.62

105.03

37.09

37.25

63.80

32.08

41.51

36.73

44.08

2291

71.40

70.07

4.23

3.85

1.21

1.16

1.08

3.01

2.65

1.96

71.88

154.29

201.87

43.38

45.98

90.04

62.61

50.05

54.04

73.53

63.43

82.81

94.28

4.64

4.90

3.39

3.70

2.55

2.83

47.0

10.0

25.0

20.0

30.0

7.50

9.00

15

15.0

6.00

6.70

6.00

25.0

241

2.52

0.15

0.52

0.63

0.64

1.32

0.02

0.77

84.0

400

400

66.0

200

99

70

67.0

234.50

112.50

164

150.0

9.00

3.11

2.03

7.49

6.43

1594.5 0.66
278 0.63
188 0.03
259 0.88
204 0.21

1479 0.32
1545 0.5
1544 0.5
1640.5 0.84
1518 0.42
1632 0.8
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Total Worse outcome 3.83 1.21 3.61 4.05 1.67 7.55 1571 0.58
Cholesterol
Improved or stable 3.85 1.50 3.28 4.42 2.05 7.05
Fasting Worse outcome 8.42 3.17 7.76 9.08 4.56 16.85 918 0.6
Glucose
Improved or stable 7.90 2.72 6.70 9.11 4.60 14.06
HbAlc Worse outcome 6.95 1.42 6.69 721 5.00 10.91 1659 091
Improved or stable 6.79 1.23 6.32 7.26 4.20 8.80
Creatinine Worse outcome 104.8 80.77 89.95 119.66 38.00 811.00 1595 0.67
Improved or stable 99.62 48.42 81.20 118.04 51.00  233.00
CRP Worse outcome 5.18 8.40 3.61 6.75 .10 56.00 1193 0.58
Improved or stable 2.71 1.93 1.88 3.55 .30 6.50
ESR Worse outcome 21.21 16.88 18.00 24.41 1.00 74.00 1034 0.31
Improved or stable 16.05 10.95 11.19 20.90 5.00 46.00
Systolic Worse outcome 151.36 22.44 147.24 155.49 100.00  217.00 1428 0.21
blood
Improved or stable 146.10 20.73 138.22 153.99 111.00 198.00
pressure

The results in table 7.26 indicate that ex-smokers among participants who had stable or
improved haemodynamics had a lower number of pack-years smoked compared to the
participants who had worse outcomes (P=0.03). There were no significant differences in the

rest of the parameters assessed.

Table 7.27: Chi square tests analyzing differences in parameters at baseline between participants who had a
haemodynamic improvement or remained stable and those who had other outcomes
o) it
Parameter Category Group N o within X2 df P
group value
PT Doppler Biphasic Improved/stable 5 172
waveform
Worse outcome 9 10.3 5.09 2 0.28
Monophasic Improved/stable 10 34.5

235



Mono-cont

DP Doppler  Biphasic

waveform

Monophasic

Mono-cont

Gender Male

Female
Smoking Current
status smoker

Past smoker

Never

smoked

Diabetes

Hypertension

Hyperlipidaemia

Cardiac Disease

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

Improved/stable

Worse outcome

48

14

31

44

17

39

27

69

20

13

30

13

36

23

21

63

25

78

18

73

11

36

543

483

353

10.3

6.9

31

49.1

58.6

44

93.1

77.6

6.9

224

448

33.6

44.8

40.5

103

25.9

72.4

70.7

86.2

87.1

62.1

81.9

37.9

40.5

53

8.29

5.35

5.95

291

6.09

0.87

0.26

0.016

0.25

0.05

0.23

0.048

0.65
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Renal Disease Improved/stable 8 276
0.38 2 0.83

Worse outcome 28 31.9

Taking antiplatelet and/or Improved/stable 24 82.8
anticoagulant 0.26 2 0.88

Worse outcome 70 78.4

Ace inhibitor Improved/stable 12 414
2.46 2 0.29

Worse outcome 45 50.9

Angiotensin II Antagonist Improved/stable 4 13.8
0.13 2 0.94

Worse outcome 13 147

Calcium channel blocker Improved/stable 9 31

24 2 0.3

Worse outcome 21 233

Beta blocker Improved/stable 1 34
1.86 2 0.39

Worse outcome 8 8.6

Previous major event Improved/stable 13 44.8
0.5 2 0.78

Other outcome 39 44

Infrapopliteal artery Improved/stable 13 44.8
disease 1.28 2 0.53

Other outcome 41 45.7

The cross tabs above clearly indicate that there are statistically significant lower percentages
of participants with hyperlipidaemia and of female gender in the group who improved or
remained stable compared to the group who experienced other outcomes (p=<0.05). No other

significant differences were identified in the rest of the parameters measured.
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7.4.10.3 Predictors for improved or stable haemodynamics

Binomial logistic regression models were applied to determine factors independently
associated with improved or stable haemodynamics. The results of the regression models are

given as the odds ratio (OR) and 95% confidence interval (95% CI).

The results of the initial model are presented in Appendix 13 ‘Regression Models results’. All
the factors recorded were inserted in the models and the interaction effect was analysed by
backward elimination. The tables below present the final models and the significant predictors

for improved or stable haemodynamics identified through this analysis.

Table 7.28 Predictors for stable or improved haemodynamics. Binomial regression analysis

Parameter Estimates

Improved or stable B Std. Wald df Sig.  Odds 95% Confidence
haemodynamics® Error ratio Interval for OR
Lower Upper
Bound Bound
Other Intercept A1 .60 03 1.0 .85
outcome
Hyperlipidaemia 1.47 .60 599 1.0 .01 4.35 1.34 14.10
No Hyperlipidaemia  .00° . . .00
CRP .14 .09 222 1.0 .04 1.14 .96 1.37

a. The reference category is: Improved or stable.

b. This parameter is set to zero because it is redundant.

Pseudo R-Square Cox and Snell Nagelkerke McFadden
.076 126 .086

Table 7.28b

This two model regression analysis indicates that hyperlipidaemia and CRP are significant
predictors for worse outcome, while no factors were found to be independent predictors of
improved or stable haemodynamics. The results show that participants with hyperlipidaemia
are 4.35 times less likely to have an improved or stable outcome within 2 years and with every

lunit increase in CRP it is 1.14 times less likely to have an improved or stable outcome.
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7.4.11 Symptom progression

The scores of the walking impairment questionnaire (WIQ) were recorded at each visit where
an increase in score indicated worse symptoms and a decrease in score indicated improved
symptoms. The change in WIQ score results and reported claudication distance (within the

questionnaire) are presented in Fig 7.21 and 7.22 below.

Claudication distance outcome WIQ score outcome
Missing data Worse IC Missing data Worse WIQ
9% 30% 9% score

51%

Improved WIQ score

Stable or improved IC 40%

61%

Fig 7.21 Claudication distance outcome Fig 7.22 WIQ score outcome

The figures indicate that 30% of the study population reported a decrease in claudication
distance from baseline while 51% reported worse WIQ scores after two years. The difference

in scores was analysed using the Wilcoxon signed ranks test. Results are presented in table

7.29.

Table 7.29 Change in WIQ scores and CD between baseline and 2 years

Variable Baseline 2 years Z P value
WIQ score median (IQR) | 65.7 (46, 74) 61.5 (18, 74) -3.2 0.001
CD distance 100 (50, 200) 125 (50, 400) -3.78 <0.001

Table 7.29 indicates that after 2 years, although more participants (51%) experienced worse
symptoms, there was an overall significant decrease in WIQ score (p=0.001) over two years.
Similarly, a significant increase in CD distance reported (<0.001). It should be noted that in

this analysis participants who underwent revascularisation were included.
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The correlation between the WIQ scores and haemodynamic scores was assessed using the
Spearman’s correlation test. The relationship between the WIQ was also assessed with the

reported CD within the questionnaire. The results are presented in table 7.30.

Table 7.30 Correlation between haemodynamic variables, reported CD and WIQ scores

Variables Speraman’s rho P value
Correlation coefficient

WIQ baseline n=150  TBPI baseline -0.14 0.08
ABPI baseline 0.02 0.8

WIQ 2 yrs n=134 TBPI 2 yrs -0.4 <0.001
ABPI 2 yrs -0.16 0.07

WIQ change n=134  Change in reported CD  -0.98 <0.001

Table 7.30 indicates that the baseline WIQ scores were not correlated with baseline
haemodynamic measures. However, a significant but weak negative correlation (-0.4) was
observed between the TBPI results after 2 years and the WIQ results after 2 years indicating
that lower TBPI values corresponded to higher WIQ scores (worse symptoms). A strong
significant correlation was found between change in WIQ and change in CD (p=<0.001),
indicating that as WIQ scores increased (worse symptoms) the CD decreased (shorter walking
distance). No significant correlation was found between the ABPI results and the WIQ scores

after 2 years.

The correlation between the change in reported WIQ scores and the haemodynamic changes
measured by ABPI and TBPI were assessed using the Spearman correlation test. A non-
parametric test was applied since the test for normalcy (Shapiro-Wilk) of the data indicated a
non-normal distribution (Appendix 11). Scatterplots (Fig 7.23 and 7.24) were plotted to

illustrate the results.

Change in ABPI

Change in TBPI
-
*

2 2500 00
Change in WIQ score Change in WIQ score

Fig 7.23 ABPI change vs WIQ change Fig 7.24 TBPI change vs WIQ change
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The scatterplots illustrate that the haemodynamic measures are negatively correlated with the
haemodynamic changes, where an increase in ABPI or TBPI (haemodynamic improvement)

corresponds with a decrease in WIQ (i.e. improvement of symptoms).

Table7.31 Correlation between WIQ and haemodynamic measures
Correlations
TBPI change ABPI change
WIQ Spearman’s rho Correlation coefficient -0.52 -0.33
change Sig. (2-tailed) <0.001 <0.001
N 134 134

The results in table 7.31 indicate that there was a significant correlation between the change in
WIQ scores and change in TBPI and ABPI (<p=0.001 and <0.001 respectively). Results show
that as the haemodynamic parameters decreased, the WIQ scores increased, indicating worse

IC symptoms. This is also evident in the scatterplots presented in figures 7.23 and 7.24.

7.5 Summary of key findings of Study 4

This section presents the main findings reported in this study. The main study outcome of
interest was deterioration rate to CLI in patients with IC, its prevalence, risk factors and
characteristics of participants who deteriorated to CLI and the identification of predictive

factors for this outcome.

e Within two years, 50.6% of the study cohort experienced significant deterioration,
23.3% (n=35) of whom deteriorated to CLI and 27.3% experienced significant
haemodynamic deterioration (decline in ABPI by >0.15 and/or decline in TBPI by
>0.1). Mild haemodynamic deterioration was evident in an additional 17% (n=25) of
the study cohort while only 19.3% (n=29) of the sample population had stable or
improved haemodynamics. When evaluating clinical symptoms, results indicate that
overall 51% (n=76) of the study cohort reported worse IC symptoms according to the
WIQ and 33.3% (n=49) reported shorter claudication distance. After two years, overall
improvement in IC symptoms was reported in 38% (n=57) of the study cohort.
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Participants who deteriorated to CLI had a median baseline ABPI of 0.66 (IQR
0.51,0.7) or 0.53 (IQR 0.48,0.69) when calcified arteries were excluded and a median
TBPI of 0.33 (0.2,0.43) at baseline. These parameters were significantly lower than
those observed in participants who did not deteriorate to CLI (p=0.002 and p=0.015

respectively).

Participants who deteriorated to CLI were more likely to have infrapopliteal artery
disease (p=0.03) and monophasic continuous Doppler waveforms in the pedal

arteries (PT and DP) (p=0.04) compared to participants who did not deteriorate to CLI.

Baseline ABPI, TBPI, IPA disease and high HbAlc were identified as significant
predictors for deterioration to CLI. (p<0.05, multinomial logistic regression). While
female gender, infrapopliteal artery disease, lack of antiplatelet therapy, high CRP, lack
of calcium channel blockers and the presence of diabetes were identified as predictors
of significant haemodynamic deterioration (decline in ABPI by >0.15 and/or decline in

TBPI by >0.1) (p=<0.05).

The combined predictive value of baseline ABPI, TBPI and the presence of
infrapopliteal artery disease was found to be significant for the development of CLI
(p=<0.001) within two years (AUROC 0.82 categorized as having a ‘good’ predictive

value).

A predictive model identified participants with an ABPI £0.64 and a TBPI <0.39 in the
presence of infrapopliteal artery disease and IC are more likely (probability of 82%) to
deteriorate to CLI and benefit from close haemodynamic monitoring while participants
with ABPI <0.44 and a TBPI <0.18 and IPA disease may benefit from consideration of

preventive revascularisation.

The rate of progression of PAD among participants who presented with IC overall, and
among participants who developed CLI and who experienced significant
haemodynamic deterioration was higher during the second year of the study after

initial presentation with IC. Participants who deteriorated to CLI had a decline in TBPI
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of 0.08 and participants who experienced a significant haemodynamic decline had a

yearly decline of 0.24 in TBPL

e Participants with baseline ABPI of 0.5 or less were found to be 3.9 times more likely
to develop CLI within 2 years than participants who have higher ABPIs; participants
who have infrapopliteal artery disease at baseline were reported to be 2.25 times more
likely to develop CLI within 2 years than participants who do not have infrapopliteal
artery disease at baseline and for every 0.1 decrease in ABPI the risk of deterioration
to CLI increased by 1.5 times. Participants with a baseline TBPI of 0.39 or lower were
found to be 3.6 times more likely to develop CLI than participants with higher TBPI
(RR 3.6, p=0.02); with every 1 unit increase in baseline HbA ¢ the risk of developing
CLI increased by 1.35 times (RR 1.35, p=0.03) and with every 0.1 unit decrease in

baseline TBPI participants were 3 times more likely to deteriorate to CLI.

7.6 Discussion

This prospective longitudinal observational study sought to assess outcomes of patients with
IC within two years. It also investigated prognostic factors for the deterioration to critical limb

ischaemia (CLI) in patients presenting with intermittent claudication (IC).

Results revealed new knowledge related to the progression of PAD in patients with IC,
exposing a more threatening prognosis, than originally thought, of significant haemodynamic
deterioration in 51% of the cohort and deterioration to CLI within 2 years in 23.3% of patients
presenting with IC. This study also revealed independent predictive risk factors for
deterioration to CLI within 2 years. A novel patient-specific algorithm of predictive factors
for the early identification of patients who are at risk of deterioration to CLI within two years,
has also been developed and is being proposed as a viable tool to support clinical decision

making for selection of management approach.

This section presents a discussion of the findings of this study in the light of previous literature.
It provides an in-depth evaluation of the results and their significance within the context of
clinical decision making for patients presenting with intermittent claudication (IC). An insight
into the clinical implications of these results, particularly in relation to the clinical decision of

early intervention in patients presenting with IC is also presented.
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7.6.1 High rates of deterioration in patients presenting with I1C

One of the important findings of this study was the high rate of haemodynamic and clinical
deterioration within two years observed in this study cohort. In terms of ‘deterioration’, this
study investigated both development of CLI, (that is development of rest pain and / or
ulceration/gangrene) and significant haemodynamic deterioration (decrease in ABP1>0.15 and
/ or TBPI1>0.1) since these are known to be predictive markers of future cardiovascular disease
events and CLI (M. S. Conte et al., 2019; M. H. Criqui et al., 2008). The importance of this
finding is the fact that it challenges previously held views of a benign lower limb prognosis in

patients with IC.

The results of this study contradict currently held views that IC is a benign condition where,
according to the literature, approximately only 5-10% deteriorate to CLI within 5 years (Hirsch
et al., 2006), as has been discussed previously in Chapter Two. Apart from the high rate of
development of CLI in this study, the non-benign lower limb prognosis was also demonstrated
by the high rate of haemodynamic deterioration shown in this cohort. Results demonstrate that
within 2 years 51% experienced significant deterioration, where 23.3% developed CLI and
27.3% experienced significant haemodynamic decline. As discussed in Chapter two, research
into haemodynamic decline in patients with IC is limited. While the proportion of patients
experiencing significant haemodynamic decline is consistent with previous research (V.
Aboyans et al., 2006; A. Nicoloff et al., 2002) of 28% to 30% in Syears, the decline in the
current study was observed in a shorter time period (2 years), further suggesting a more
aggressive progression of the disease. This corroborates the proposed revision of the commonly

held view that the lower limb prognosis in patients with IC is benign (Mizzi et al., 2019).

It is recognised that the 2 year CLI outcome in the current study (23%) is markedly higher than
the predicted 5-year outcome of 5-10% stated in the TASC consensus documents and the 51%
significant deterioration is also distinctly higher than the predicted overall 25% deterioration.
While the TASC documents were mainly based on large population study findings, comparable
proportions were expected in the population with IC having similar atherosclerotic load. If
anything, due to the significant improvement in medical treatment in patients with PAD over
the years, a lower proportion of deterioration to CLI was expected. The higher rate of
deterioration to CLI among IC patients reported in the current study may be due to two possible

reasons which will be discussed in depth in this section; firstly, the study design which
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addressed sources of bias which may have underestimated disease progression in previous
studies and secondly, the high prevalence rate of risk factors in the overall study cohort at

baseline.

7.6.2 Influence of study design

This study aimed to evaluate the rate of progression of PAD and risk of CLI development in
patients presenting with IC over a 2-year period. Following the systematic review presented in
Chapter Four (Mizzi et al., 2019), several sources of bias which may have resulted in the
underestimation of the true progression of disease in patients with IC were identified in
previous literature. These included selection bias at recruitment with inadequate allocation
concealment, survival selection bias, lack of methodological detail with possible use of
inexperienced assessors related to haemodynamic analysis, clear definition of outcome
measures and incomplete information related to attrition and non-consent. As further detailed
in Chapter Five, in this study, the identified sources of bias were addressed and measures to
address internal validity of the study were employed to obtain a reliable definition of disease

progression and CLI risk in this cohort.

In the recently published guidelines for chronic ischaemia, it was re-iterated that for the patient
with IC, reliable data on the epidemiology of CLI are lacking and estimates can be highly
misleading (M. S. Conte et al., 2019). The risk of progression to CLI is varied in the literature,
ranging from 1.4% per year to 21% within 5 years of diagnosis (Aquino et al., 2001; Jelnes et
al., 1986; Jensen et al., 2006; Kumakura et al., 2016; Naschitz et al., 1988; B. Sigvant et al.,
2007) and the heterogeneity of the studies makes direct comparison with the results of the
current study difficult. The broad variation of risk to CLI among patients with IC indicated in
published literature was mainly attributed to difference in risk factor prevalence and population
characteristics, definition of CLI as the outcome measure, baseline inclusion criteria and study
design (Bitar & Garcia, 2010). While the definition of CLI of the current study is based on the
Rutherford classification of Grade II or III (Rutherford et al., 1986) which is also the method
supported by international consensus guidelines on PAD (Becker et al., 2011; Dormandy &
Rutherford, 2000; Norgren et al., 2007), some early reports used unclear definitions, using
either only clinical criteria (Dormandy & Murray, 2011; Murabito et al., 1997), or repeat

revascularisation and amputation (Kumakura et al., 2016).
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The methodological differences applied in the current study in terms of allocation concealment
at recruitment and minimal risk of survival selection bias due to a very low attrition rate may

have contributed to the higher proportion of CLI compared to previous published studies.

While the designs of the early studies quoted in the TASC and AHA documents are not
comparable with the study design of the current study, the higher proportion of detection of
deterioration to CLI within 2 years in the current study is highlighted. These results support
the impression that the risk of disease progression in patients with IC had been previously
underestimated as demonstrated in the systematic review presented earlier in this thesis (Mizzi
et al., 2019) and a meta-analysis which investigated the risk of the limb in symptomatic and

asymptomatic PAD (B. Sigvant et al., 2016).

7.6.4 Influence of risk factor prevalence

The TASC and AHA documents propose the 5-year prognosis of 5-10% development of CLI
in a population of IC but do not present detailed information on the various risk factor
prevalence rate of participants at baseline, and therefore cannot be compared to the current
data. However, most studies on which the document is based (Fowkes et al., 1992; W. Kannel
& McGee, 1985; McDaniel & Cronenwett, 1989; Murabito et al., 1997; Price et al., 1999;
Weitz et al., 1996) are derived from northern European countries or the United States, where

the rates of diabetes at the time ranged from 2-4% (NCD Risk Factor Collaboration, 2016).

The current study was conducted in a southern European country (Malta) where the national
prevalence of diabetes is 13.8% and the age adjusted comparative prevalence is 9% (Ogurtsova
et al., 2017). Additionally, according to the latest country health profile conducted by WHO,
cardiovascular disease with the associated risk factors is also higher in Malta than in other
European countries (OECD., 2018). It may therefore be postulated that the prevalence of risk
factors at baseline in the cohort of the current study, may be higher than the prevalence of risk
factors among the participants in the studies included in the TASC and AHA documents, and
may have contributed to the higher deterioration in the cohort of the current study. Only one
study (CAVASIC study B. Rantner et al., 2017) reported a higher deterioration to CLI than the
current study. Rantner et al., (2017) also reported similar baseline proportion of all the risk
factors, except for diabetes and age (15% and 59+/-6 years respectively) and a deterioration to

CLI of 33% in 7 years was observed. However, their cohort included participants with previous
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endovascular interventions, and their high rate of deterioration could be attributed to the fact

that the recruited participants had worse disease at baseline.

The risk of PAD and disease progression associated with diabetes is well known. The duration
of diabetes mellitus, glycated-haemoglobin levels and use of insulin are significantly associated
with worsening PAD (Althouse et al., 2014; Kallio et al., 2003; Tseng, 2003). Additionally,
people with PAD and diabetes were 5 times more likely to have an amputation when compared
with people without diabetes (Jude et al., 2001). This literature therefore supports the increased
rates of deterioration observed in the cohort of this study where a high prevalence of diabetes
(69%) was present at baseline. In individuals with diabetes, the characterised increased
atherosclerotic burden is due to mechanisms of irregularities within the vessel wall, blood cells
and blood rheology. As discussed in section 2.8.2, these mechamnisms are associated with
increased duration of diabetes and worsening blood glucose control (Kanter & Bornfeldt, 2013;
Thiruvoipati et al., 2015). The decreased nitric oxide bioavailability in diabetes results in a
cascade of events of vascular smooth muscle cell migration and proliferation with platelet
activation. Diabetes also leads to a hypercoagulable state with an elevation in blood viscosity

and fibrinogen which have been associated with abnormal ABPI (McDermott et al., 2004).

Furthermore, diabetes is associated with a more anatomically distal distribution of the disease,
that is, distal to the knee, when compared with people without diabetes (Haltmayer et al., 2001).
Typically, infrapopliteal artery disease has been associated with worse prognosis and a higher
risk of death and major amputation when compared to supra-geniculate artery disease (Gray et
al., 2010; Neupane et al., 2018). In the current study, infrapopliteal artery disease was
significantly higher in the group of participants who deteriorated to CLI within 2 years
compared to those who did not develop CLI (60% vs 40% respectively, p=0.037). The presence
of infrapopliteal artery disease at baseline was also found to be a significant independent
predictor of deterioration to CLI as discussed in further detail in section 7.6.5. This finding
further corroborates the suggestion that the higher proportion of participants with diabetes in
the cohort of the current study may have contributed to the higher percentage of CLI within 2

years.

Nevertheless, the diverse risk factor prevalence at baseline compared to previous works, does
not diminish the importance of the findings. The demographics of the world populations are

constantly changing and with them so are the patient characteristics. This change needs to be
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acknowledged and long established notions of disease also require updating to meet the
continuous population demographic change. The diversity highlights the need for a more
individualised approach to establishing management for the patient with IC. A threatening
prognosis for the lower found observed in this study among patients presenting with IC,
highlights the need for a review of the benign prediction commonly held with consideration of

the influence of risk factors on the progression of the disease.

7.6.5 Predictors of Critical Limb Ischaemia

There is currently limited knowledge to allow for the prediction to CLI in the patient with
claudication. It is acknowledged that various risk factors contribute in some way to the
progression of PAD and that baseline ABPI of <0.5 is currently the best known predictive
factor (Norgren et al., 2007). However, alone, this is insufficient to accurately identify
individual patients who are more likely to deteriorate (Bitar & Garcia, 2010; Norgren et al.,
2007). In a comparative study, Cronenwett et al (Cronenwett et al., 1984) found that a change
in ABPI over the study period was significantly different between those whose symptoms
progressed and those whose symptoms remained stable. They came to the conclusion that
initial ABPI alone is not sufficient to predict outcome but a deteriorating ABPI is an important
criterion required to plan a timely operative intervention. Based on this principle, this study
focussed on participants who experienced deterioration, rather than only on participants who
had a low ABPI at diagnosis, and investigated predictors at baseline which were independently
associated with the observed deterioration. The identification of predictive factors for
deterioration could help early identification of patients who are at risk and help plan a timely

intervention.

This study has identified ABPI, baseline ABPI <0.5, TBPI, baseline TBPI <0.39, HbAlc and
infrapopliteal artery disease as independent predictors for the development of CLI within 2
years in patients with IC. Additionally, female gender, lack of antiplatelet therapy, high CRP,
lack of calcium channel blockers and the presence of diabetes were identified as predictors of
significant haemodynamic deterioration. In this section each identified predictor will be

discussed individually in the light of previous literature.
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7.6.5.1 Non-invasive haemodynamic measures

This study has shown that participants with a baseline ABPI of 0.5 or lower are 4 times more
likely to develop CLI within 2 years than participants who have higher ABPIs (RR 4, p=<0.05).
This is consistent with previous literature investigating ABPI as a predictor of deterioration
which showed that an ABPI <0.5 was the best predictor for deterioration of PAD in patients
with IC (Hazard ratio: >2) (Naschitz et al., 1988; Norgren et al., 2007). The ABPI at initial
diagnosis is a known predictor of progression to CLI (Aquino et al., 2001; Kumakura et al.,
2016; Naschitz et al., 1988; Rosenbloom et al., 1988), where an ABPI of 0.7 together with a
decline of >0.15 in ABPI was associated with a 1.9 fold increased risk of deterioration to CLI
(Naschitz et al., 1988). The current study has also shown that with every 0.1 decrease in ABPI,
the risk for development of CLI within 2 years increases by 1.5 times (RR 1.5). This is also
consistent with previous literature investigating the predictors for CLI where 0.1 decrease in
ABPI was associated with an increased risk of development of ischaemic rest pain (RR 2.2)

(Aquino et al., 2001).

The usefulness of ABPI as a predictor of PAD progression is widely accepted and is further
corroborated in this study. However, in the presence of MAC, ABPI fails to detect disease
process and is inaccurate (Aerden et al., 2011; Formosa et al., 2013). This study therefore also
assessed the predictive value of TBPI due to its greater likelihood of detecting changes in
arterial pressure when stenosis is located below the knee (Chen et al., 2012) and a lower risk
of being affected by arterial calcification (Brooks et al., 2001; Sacks et al., 2002; Sahli et al.,
2004). This study demonstrated that TBPI is a significant independent predictor of
deterioration to CLI within 2 years in patients with IC. Results show that patients with a
baseline TBPI of <0.39 are 3.6 times more likely to develop CLI within 2 years than
participants with higher TBPI (RR 3.6, p=0.02) and with every 0.1lunit decrease in TBPI, the
risk for deteriorating to CLI increases by 3 times. While the use of TBPI in cases of MAC has
been advocated, literature investigating TBPI as a predictor of adverse events is limited to one
study investigating TBPI as a predictor of cardiovascular mortality, unrelated to lower limb
events (Hyun, Forbang, Allison, Denenberg, Criqui, & Ix, 2014). The authors report that TBPI
consistently predicted higher risk of cardiovascular mortality with progressively lower TBPI
readings irrespective of diabetes status (Hyun, Forbang, Allison, Denenberg, Criqui, & Ix,

2014). This is therefore the first study to report TBPI as an independent predictor of CLI in
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patients with IC. There is a mounting number of studies supporting the use of TBPI for its
superior diagnostic potential to ABPI (Bundo et al., 2013; Sahli et al., 2004; Stoekenbroek et
al., 2015; Tehan et al., 2016), indicating it is a useful diagnostic modality of haemodynamic
status in patients with and without MAC.

The utility of non-invasive measures of PAD has been advocated as predictors not only of
lower limb morbidity but also of mortality (V. Aboyans et al., 2012; C. Diehm et al., 2009;
Hyun, Forbang, Allison, Denenberg, Criqui, & Ix, 2014; Moyer & U.S. Preventive Services
Task Force, 2013; Papa et al., 2013; Velescu et al., 2017). Particularly, the usefulness of TBPI
was reported in patents with CLI as it was found to be correlated with diagnostic criteria for
limb threatening ischaemia, while ABPI was abnormal in only 58% of patients with CLI
(Salaun et al., 2019; Shishehbor et al., 2016). Additionally, TBPI <0.7 was 90% sensitive in
the diagnosis of significant stenosis or occlusion of the tibial arteries (Randhawa et al., 2017).
The identification of TBPI as an independent predictor of CLI in this study, proposes
compelling benefits of non-invasive haemodynamic analysis in patients presenting with IC
with the possibility of early identification of those who are at risk of deterioration. The use of
haemodynamic measures (ABPI and TBPI) are further discussed in this chapter as part of an

algorithm proposed for this purpose.

7.6.5.2 Infrapopliteal artery disease

This study has demonstrated that the presence of infrapopliteal artery disease is an independent
predictor for deterioration to CLI within 2 years in patients with IC. Patients with infrapopliteal
artery disease at baseline are 2.25 more likely to develop CLI within 2 years than patients who
do not have infrapopliteal artery disease at baseline (RR 2.25, p=<0.05). Although no previous
studies have investigated IPA disease as a predctor for CLI, this is consistent with previous
work where infrapopliteal artery disease was highly prevalent in patients with CLI (Graziani
et al., 2007). In agreement, occluded or severely stenosed anterior tibial artery was found in
76% of patients with CLI and calcified arteries and in 83% of patients with CLI and
compressible arteries (Randhawa et al., 2017). Individuals with isolated tibial disease are more
likely to have worse ischaemia and confounding factors such as diabetes at presentation (Gray
et al., 2010). This is in agreement with the findings of the current work where the presence of

IPA disease was correlated with diabetes at baseline (Chapter 6, section 6.3.7.2).
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Commonly CLI is the result of multilevel arterial occlusive disease or disease involving
parallel vascular beds such as the profunda femoris artery and the superficial femoral artery.
However, as severity of the disease increases, it frequently involves infrapopliteal arteries (N.
Diehm et al., 2006). While there is a general acceptance that for CLI to occur, multilevel
disease is required, this is not the case in people living with diabetes or chronic renal disease
(M. S. Conte et al., 2019) where diffuse disease of the infrapopliteal and pedal arteries is

increasingly being observed in these patients (Ortmann et al., 2012).

The finding of the current study implicating the presence of IPA disease in deterioration to CLI
as an independent risk factor is emphasized in the knowledge that isolated tibial disease has a
worse prognosis in terms of limb salvage and maintenance of ambulation and independent
living status compared to patients with multilevel infrainguinal disease (Gray et al., 2010). This
is congruent with worse outcomes in patients with CLI and diabetes, with higher risk of IPA
disease, where progression to gangrene was observed in 40% of individuals with diabetes,

compared to 9% of individuals without diabetes (W. B. Kannel, 1994).

7.6.5.3 Haemoglobin Alc

In the current study, levels of HbA ¢ at baseline were independently associated with increased
risk of deterioration to CLI. Results indicate that with every lunit increase in baseline HbAlc,
the risk of developing CLI increased by 1.35 times (RR1.35, p=0.03) among patients with IC.
This is consistent with findings in the UKPDS trial which demonstrated that for every 1%
reduction in HbA Ic, the risk for amputation or death following a vascular event decreased by

43% (Stratton et al., 2000).

The ADVANCE collaborative group also showed that with intensive blood glucose control,
major macrovascular and microvascular events were lower when compared to the control group

after a median 5 year follow up (ADVANCE Collaborative Group, 2008).

These results are also in agreement with recently published Global vascular guidelines,
indicating that the severity of PAD is related to the severity and duration of hyperglycaemia
(M. S. Conte et al., 2019). This also corresponds to recommended guidelines for the prevention

of worsening ischaemia stating that individuals with PAD and diabetes should undergo
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aggressive blood glucose level control (Norgren et al., 2007), although the evidence supporting

the benefits of this approach is not strong (M. S. Conte et al., 2019).

While there are no studies which have identified HbAlc level per se as an independent risk
factor for CLI among patients with IC, but have identified diabetes as a main risk factor (V.
Aboyans et al., 2018), the findings of this study are important. The lack of identification of
diabetes as an independent risk factor for deterioration to CLI may be attributed to the high
prevalence of diabetes among the whole cohort of this study (>69%), where a high base rate
prevalence of a factor may reduce the impact of the risk factor during analysis (Hinsz et al.,
2005). Its relevance however should not be dismissed. It is possible that in the context of the
current study, diabetes is a strong modifier and the effect of diabetes is mediated by its
influence on the pattern of disease progression into a more distal atherosclerotic distribution
evidenced by infrapopliteal artery disease being identified as an independent risk factor for
deterioration to CLI. Additionally, the identification of HbAlc as a predictor corroborates this
notion. Therefore, the presence of diabetes in the population with IC should not be discounted

when determining risk.

7.6.5.4 Diabetes

It should be noted that in the current study diabetes was not found to be a significant predictor
in the regression analysis assessing risk factors for CLI but it was found to be an independent
predictor for significant haemodynamic deterioration measured by TBPI. Results show that
participants with diabetes were 7.7 times more likely to experience significant haemodynamic
decline (measured by TBPI) than participants without diabetes. These results are in agreement
with an extensive study (V. Aboyans et al., 2006) investigating risk factors for progression of
PAD in large (measured by ABPI) and small vessel disease (measured by TBPI). Similar to
the current study, diabetes was not found to be an independent predictor of large vessel disease,
measured by a decline in ABPI. This was also corroborated in previous studies (Haltmayer et
al., 2001; Kennedy et al., 2005). However, consistent with the results in the current study,
diabetes was found to be a significant risk factor in disease progression when measured by
TBPI (V. Aboyans et al., 2006). Diabetes is associated with disease affecting mostly distal
arteries (Haltmayer et al., 2001) with reduced possibilities of revascularisation (Lauterbach et
al., 2005) and higher amputation rates. However, it is not excluded that together with the

progression of PAD in the small vessels, possible simultaneous calcification conceals

252



deterioration in the large vessels, resulting in no ABPI decrease in the presence of TBPI

decrease.

While the findings of this study highlight HbAlc as an independent risk factor for the
deterioration to CLI in patients with IC, the contribution of diabetes is also emphasized, both
in the context of significant haemodynamic deterioration and in its association with a more
distal atherosclerotic distribution of PAD involving infrapopliteal arterial bed which was in

turn also identified as an independent risk factor.

7.6.6 Predictors for significant deterioration

Apart from the identified significant predictors for CLI discussed in the previous sections,
female gender, lack of antiplatelet therapy, high CRP and lack of calcium channel blockers

were further identified as predictors for significant haemodynamic deterioration.

As discussed in Chaper 2, while IC is commonly regarded as a male disease because of a higher
prevalence of men (which was also reported in this study), it is postulated that women are less
likely to report symptoms than men or report late when the disease is more advanced (Schramm
et al., 2018). Additionally, post menopausal women have a higher risk of PAD progression
compared to men (Schramm et al., 2018), which may explain the finding of female gender as

an independent predictor for significant deterioration in this study.

The benefits of antiplatelet therapy in limiting disease progression is well known and
antiplatelet therapy is in fact the recommended first line treatment for patients with IC (M. S.
Conte et al., 2019). The findings in this study, that lack of antiplatelet medication is associated
with increased risk of haemodynamic deterioration is therefore, in agreement. Platelets play a
significant role in the development of atherosclerosis and medication which causes platelet
antiaggregation, such as aspirin and clopidogrel, which are the two most commonly prescribed
antiplatelet medication in the current cohort, is important (Moyer et al., 2013). Despite its
known significance in decreasing risk of cardiovascular events, there are no previous studies
which have identified lack of antiplatelet medication as an independednt predictor for
deterioration to CLI among patients with IC (Norgren et al., 2006). This finding is important,
particularly in the light that PAD is generally undertreated in primary care and therefore
highlights the need for further awareness.
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This study also reports high CRP at baseline as an independent predictor for significant
haemodynamic deterioration and with every 1-unit increase in CRP, the risk of deterioration
increases by 1.1 times. These findings are in agreement with Vainas et al (Vainas et al., 2005)
who demonstrated that higher CRP levels were significantly associated with lower ABPI
during a 12-month follow-up study. As discussed in Chapter 2, section 2.8.7, CRP is a known
predictor for coronary events and is not only a marker of atherosclerosis but has been suggested
to actively play a role in atherogenesis (Vainas et al., 2005). Assessing CRP levels in patietns

presenting with IC may be of benefit, particularly if other independent predictors are present.

This study has identified lack of calcium channel blockers to be an independent predictor for
deterioration to CLI among patients with IC. To the author’s knowledge there are no previous
studies which have identified lack of calcium channel blockers as predictors of worse lower
limb outcomes, however there is evidence of the benefits achieved when it is used to treat PAD.
In a systemetaic review, calcium channels blockers were found to be effectiove in preventing
PAD in patients with hypertension (Feringa et al., 2009). A meta-analysis study also found that
in hypertensive patients treated with calcium channel blockers, the progression of PAD was

mitigated (Shetty et al., 2020). Further studies are needed in this regard.

Following the identification of independent predictors for deterioration to CLI in patients with
IC, which may help identify patients with a greater risk of deterioration, the diagnostic accuracy
using a combined model of risk factors was assessed. An algorithm to guide clinical decision
making for patients presenting with intermittent claudication is proposed and detailed in the
following section. The predictive algorithm proposes a more individualised treatment approach

to patients with IC based on various independent risk factors at baseline.

7.6.7 The clinical prediction model

Current treatment guidelines delineate the need for patient and intervention—specific
considerations for the individual patient when revascuarisatin is considered (M. S. Conte et al.,
2019). However, the decision whether to intervene or not, often remains arbitrary since definite

recommendations detailing specified patient characteristics are not yet available.

This study proposes two clinical models based on the identified independent risk factors for

significant deterioration within 2 years in a cohort of patients with IC. An analysis of the
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combination of significant risk factors for deterioration to CLI demonstrated that the combined
predictive value of baseline ABPI, TBPI and the presence of infrapopliteal artery disease was
found to have a significant ‘good level’ predictive value for the development of CLI within
two years (AUROC 0.82 p=<0.001). Cut off points for the clinical models were identified and
results showed that individuals presenting with IC with an ABPI of <0.64 combined with a
TBPI of <0.39 and in the presence of infrapopliteal artery disease are likely to deteriorate to
CLI within 2 years. Participants presenting with IC in the presence of infrapopliteal artery
disease with an ABPI <0.44 and a TBPI <0.18 are at very high risk of developing CLI and may
therefore benefit from early intervention. The models’ performance was assessed using the
AUROC curve (AUROC 0.82), a method which has been used previously in other prediction
models (Y. Zhan et al., 2014; Y. Zhang et al., 2016).

This is the first study to analyse the diagnostic accuracy of combined risk factors for
deterioration to CLI among patients with IC, therefore results cannot be compared to previous
literature. There are previous studies (Chung et al., 2010; Parameswaran et al., 2005; Tehan et
al., 2016; Williams et al., 2005) mostly focusing on the analysis of diagnostic utility of
individual haemodynamic tests (TBPI and ABPI) with one study (Tehan et al., 2016) indicating
poor diagnostic utility of ABPI (ROC 0.58) and moderate diagnostic utility of TBPI (ROC
0.75) for the detection of PAD among a community based population.

The approach of applying multivariable modelling using routine examination measurements
for predicting clinical risk has been used for predicting risk of PAD in communities (Y. Zhang
et al., 2016) but not for predicting CLI among IC patients. The several variables applied in the
initial regression analysis considered for developing the models, included risk factors identified
as independent predictors for risk of haemodynamic deterioration and CLI in this same study.
Consistent with previous research (Althouse et al., 2014; M. S. Conte et al., 2019; Selvin &
Erlinger, 2004), the included variables (baseline ABPI, baseline TBPI, female gender,
infrapopliteal artery disease, lack of antiplatelet therapy, high CRP, lack of calcium channel

blockers and diabetes) have been previously identified as risk factors for PAD.

Due to the interventional risks associated with active intervention, two models are being

proposed.
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1) to identify patients at risk of deterioration to CLI and who would benefit from more frequent

haemodynamic monitoring

i1) to identify patients who would benefit from consideration of early revascularisation.

The first model, which indicates that patients with an ABPI of <0.64 combined with a TBPI of
<0.39 and in the presence of infrapopliteal artery disease and IC are likely to deteriorate to CLI
within 2 years has a sensitivity of 76% and a specificity of 57% when applying these cut-off
points. This model is aimed at identifying patients at risk of deterioration, with the knowledge
that having low specificity, false positive identifications are also possible. In this model,
specificity was ‘sacrificed’ for the sake of sensitivity, reflective of the utility of this clinical
predictive model which is aimed at identifying patients who would benefit from closer
haemodynamic monitoring, with no clinical implications for those who are detected
erroneously. Closer haemodynamic monitoring is beneficial in the timely recognition of
deterioration, should it occur, deemed to be the best individual predictor since haemodynamic

deterioration is likely to continue to occur in the absence of effective treatment (Norgren et al.,

2007).

The second clinical predictive model being proposed in this study suggests that patients with
an ABPI of <0.44 combined with a TBPI of <0.18 and in the presence of infrapopliteal artery
disease and IC would benefit from early endovascular or surgical intervention due to the high
probability of deteriorating to CLI within two years. For this clinical model, specificity (97%)
was optimized over sensitivity (McNamara & Martin, 2018) since a lower number of false
positives was desirable (Trevethan, 2017) due to the clinical implications for any patients who
would be detected erroneously. It is recognized that the haemodynamic parameters in this
clinical model are similar to the clinical parameters defining CLI where an absolute toe
pressure of 30mmHg is indicative of CLI (Conte et al., 2019). However, this model is aimed
at IC patients without rest pain or tissue loss, which are required coexisting features in the
definition of CLI (M. S. Conte et al., 2015; M. S. Conte et al., 2019; Norgren et al., 2007). It
therefore identifies patients who have low haemodynamic parameters in the presence of IPA
and IC as having a high probability of deteriorating to rest pain and/or tissue loss within two
years, hence benefitting from early revascularisation. As with any intervention, the life
expectancy, general fitness of the patient and other important considerations always need to be

evaluated in the clinical decision process (M. S. Conte et al., 2019).
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While other predictive classification models have been developed for predicting wound healing
in the presence of CLI such as the Wound ischaemia and foot infection (WIFI) and the Global
Limb Anatomic Staging System (GLASS) (M. S. Conte et al., 2019), there are currently no
clinical models for predicting outcome in patients with IC. The clinical risk prediction model
proposed in this study includes a simplified approach which allows clinicians to classify
patients according to their disease status at initial presentation. It may help the practitioner
identify individuals who will benefit from closer non-invasive haemodynamic monitoring and
individuals who are more likely to benefit from early revascularisation. While this proposed
clinical prediction model has significant beneficial clinical implications which are discussed in
the next section, it is recognized that further validation is required to ensure its satisfactory
performance. Further research to improve the sensitivity of the predictive model is also needed.

This is discussed in further detail in Chapter 8, section 8.7.

7.7 Strengths and potential limitations of the study

This study not only provides cross-sectional data of a well-defined population of patients with
intermittent claudication but presents prospective long-term follow-up data with near complete

follow-up information of the whole study population.

This study had a high recruitment of almost 100% and a high follow-up rate. This increased
the liklihood that there was a reduced risk of survival selection bias often found in similar
studies. Addressing this potential limitation results in a more accurate estimate of the outcomes

measured.

One of the strengths in this study is that each recruited participant received a full vascular
assessment within 6 weeks following recruitment, ensuring that the diagnosis of PAD was

confirmed, and that all participants satisfied the inclusion criteria

7.7.1 Potential influencing factors

There are some important factors requiring consideration which may have contributed to the
observed variations in outcomes of IC in the current study when compared to those observed

in other countries.

For example, the effect of distribution of specialists may have an influence on referral processes

(McPherson, 1989). The dominance of primary care differs from one country to another, as do
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the health systems which are free at point of delivery (as in Malta and the UK) or are at a fee
such as in the US. In restricted health systems, where specialist care is limited, due to
availability of resources, patients are not encouraged to seek advice if a long wait or delay in
treatment is suspected. This therefore has an indirect effect of patient’s readiness to seek advice
and also on the referring practitioner’s decision for referral. On the other side of the spectrum,
a higher availability of access to specialist care may directly encourage excessive use by
patients including those who will achieve marginal benefits. The system in Malta sits in this
part of this spectrum, where self-referral to primary care makes accessibility easy for the
patient, encouraging them to seek advice even in cases where the ailment is not significant.
This was reflected in the wide range of symptom severity, in terms of patient reported
claudication distance, recorded in the study cohort as shown in the results of the prospective
cross-sectional observational study (Study 3). Of importance, inclusion of all possible ranges

of symptom severity within the study denotes better representation of the patient with IC.

However, within the context of the Maltese health system, the exclusive referral system to
specialist care, located within the hospital, made access to specialist care, in this case the
vascular surgeon, an outcome of several screening processes. This is another factor which
needs to be considered when comparing outcomes between countries. Like the UK, in Malta
patients need to seek advice from the general practitioners or podiatrists in primary health, who
in turn, need to decide to refer the patient. At each point in the process, decisions are
constrained by different exogenous influences such as, prevailing medical opinion or patient
preferences by long-standing custom or tradition (McPherson, 1989). Inevitably, availability
of resources also influences the referrer’s decision, where rationing occurs if priorities for
worse cases are set (Schieber & Poullier, 1988). On the other hand, in health systems where
patients can seek medical advice directly from specialists, admissions to specialist care tend to
be higher which may possibly have an effect on the overall reported outcomes in research
emerging from those countries. Aspects of culture together with variations in social policy and
budgets can result in variations in disease outcomes reported in different countries (McPherson,
1989). These are recognised causes of variation which can provide insights into differences of
population outcomes in IC. Understanding and acknowledging such influences is important to
identify areas which need to be addressed when conducting and designing research. In this
research, to mitigate the effects of external influences pertaining to the referrers in primary care
when making decisions for the patient with IC, as highlighted in study 2, actions were

undertaken prior to the main study encouraging referral of all patients presenting with IC. This
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method increased the likelihood that the population studied was representative of the

population with IC in Malta.

When assessing Doppler waveforms, only 40% were found to have a deterioration in
waveforms compared to 67% who experienced some form of haemodynamic deterioration
(ranging from mild to CLI). This could be due to the fact that a Doppler waveform may change
in pulsatility index (which is a measure of flow derived from the maximum, minimum and
mean Doppler waveform in three cycles) but not form, in the presence of worsening occlusion.
Change in pulsatility index was not investigated in this study and is a limitation. In the initial
design stages of this research it was intended to record the pulsatility index (PI) of the
waveform in order to account for this limitation. However, following the initial 50 participants
this had to be discarded as it was very difficult to obtain reliable information for each
participant since to calculate PI, a minimum three consecutive ‘clean’ waveforms without
reflection are required for reliable PI. Despite several attempts in some patients this was

difficult and time consuming, making it unacceptable for the patient.

7.8 Clinical implications of the study findings

The findings of the current study demonstrate that more than half the patients with IC
experienced significant haemodynamic deterioration within 2 years, with >23% developing
CLI, while only 19% remained haemodynamically stable or improved. This revealed a more
aggressive limb threatening prognosis than previously perceived in published literature,
suggesting that for the patient with IC the affected limb may not have a benign prognosis and
closer monitoring is required if risk of deterioration to CLI is to be avoided. Closer
haemodynamic monitoring, better medical management and informed clinical decisions for
early revascularisation in patients with identified predictors of deterioration to CLI may mean

fewer adverse lower limb events and reduced morbidity in this population.

A more individualised approach to risk categorisation and treatment of these patients is
warranted. The importance of developing treatment strategies for the patient with IC based on
disease severity, anatomic pattern of the disease and current comorbidities, in particular
diabetes and HbA 1c is emphasized. The assumption that the affected limb is at minimal risk of
morbidity needs to be revised and more attention in terms of research and guideline

development should be given to the importance of lower limb outcomes.
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Current guidelines suggest that revascularisation should be considered when patients report
that IC symptoms interfere with their quality of life. This study has shown that while 19%
remained haemodynamically stable, 38% reported stable symptoms. In this study, symptoms
were self-reported using a validated questionnaire, rather than using objective claudication
distance measured by treadmill, reflecting real-world clinical situations where physician’s
decision to intervene is partly based on self-reporting of symptoms. Although developing
patient-oriented end points is deemed critical when planning treatment strategies for IC (M. S.
Conte et al., 2019), the discrepancy between the proportions of those who remained
haemodynamically stable (19%) and those who reported stable symptoms (38%) suggests that
relying on patient perception of improvement may not be the best measure of disease
progression. It is possible that patients make life-style changes to adapt to their decreasing
claudication distance, thus perceiving the burden less and reporting this erroneously as
improvement. While such an adaptation may not essentially have an impact on the quality of
life of the patient and may therefore not necessarily translate into the need for revascularisation,
in patients who experience significant haemodynamic deterioration which puts them at high
risk of CLI development, this becomes an important issue which may need to be addressed
without delay. While further research is required in this field, of importance, this study has
shown that symptoms do not always reflect haemodynamic status and for the patient with IC,
knowledge of the atherosclerotic severity of the disease is important in order to plan treatment

and predict outcome.

7.9 Conclusion

The results of this study provide an insight into the progression rate of PAD in patients
presenting with IC and propose a foundation for the early identification of those who are more
likely to deteriorate to CLI. The findings and the clinical patient-specific predictive model
presented in this chapter have potential value and may help guide the clinical decisions for
consideration of early revascularisation in patients with IC who are at an increased risk of

deteriorating to CLI.
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CHAPTER EIGHT

Proposing a paradigm shift in the management of intermittent claudication:

Concluding discussion

8.1 Introduction

This thesis presented the background literature related to the prognosis of patients with IC, the
theory and methodological processes employed in a series of quantitative investigations that
developed sequentially within a critical realist philosophical approach, leading to the
identification of the prognostic factors for the deterioration to CLI. The information gathered
from these studies led to the development of a novel patient-specific predictive model for
deterioration to CLI among patients with IC, based on prognostic variables identified in this
work. The predictive model integrates the pattern of disease and commonly used
haemodynamic analysis modalities to quantify the burden of the disease in the patient with IC.
The overarching aim of this project was to provide insight into the individual’s prognosis of
IC in terms of lower limb outcomes, to enable an informed decision when selecting the
management strategy at initial diagnosis. The novel findings provide the relative risk of
identified predictive variables for development of CLI, while the predictive model is proposed
as a viable tool for CLI risk prediction in patients presenting with IC. By applying the proposed
predictive model, the prognosis within two years of the individual patient presenting with IC
may be predicted with 82% probability, allowing clinicians to make informed clinical
decisions, fulfilling the overall research aim of this thesis and accepting the proposed

alternative hypothesis.

Through this chapter, the findings from the thesis investigations are collated and presented.
Consideration is given to how this research may contribute to advancement in the management
of the patient with IC through a paradigm shift inspired by the revolutionary theory of Thomas
Kuhn (Kuhn, 2012). Potential changes in the current model of treatment that can be adopted in
relation to the management of the patient with IC are considered relative to the thesis findings.
The potential significance and application of these and translation to clinical practice is also
discussed. Finally, the strengths and potential limitations of the thesis are acknowledged and

recommendations for future research are also presented.
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8.2 The context of the revolutionary theory

Before embarking on the main study of this project, it was important to understand the
contextual framework of the research in terms of identifying the need for change in the current
management model of the patient with IC while also highlighting the need for new perspectives
in treatment, aiming to improve outcomes. As discussed in Chapter 3, the contextual
framework of this research is grounded in the ideas of Thomas Kuhn’s revolutionary theory
which describes the philosophy of advancement in medical paradigms (Kuhn, 2012). Kuhn
describes how specialists in particular fields are plunged into periods of uncertainty and are
driven to engage in solving discrepancies between what is being predicted and what is revealed
by observation or experiment, eventually progressing to a revolutionary phase and a paradigm
shift (Kuhn, 2012). The process is inherently circular and occurs in cycles of alternating phases
(Chapter 3, Figure 3.2) which he identifies as normal science, model drift, model crisis, model
revolution and paradigm change (shift). As discussed in this chapter, this project progressed
through these phases, including the identification of the need for a change within the current
management paradigm of the patient with IC, exposing discrepancies within the current
paradigm, eventually leading to the proposal of a new perspective in management by applying

a novel predictive model.

8.2.1 Identifying the need for change within the current management paradigm

Patients with IC are assumed to have low likelihood of significant lower limb deterioration (S.
M. Conte & Vale, 2018; Dormandy & Murray, 2011; Kumakura et al., 2016), a notion which
led to the recommendation of conservative management with oral medication, smoking
cessation and exercise for the vast majority of patients (M. S. Conte et al., 2015). This
management paradigm is accepted by the medical community concerned with treating patients
with IC (Norgren et al., 2007) and is denoted by Kuhn as a period where the paradigm is

considered as normal science.

Notably, following review of the literature in Chapter Two, it was concluded that the current
management model, could potentially delay treatment in patients who are at high risk of
deterioration (Ferrari et al., 2004). Passage of time during a tentative conservative management

approach in these patients, may result in a lost opportunity for safer and more effective
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revascularisation procedures (Ferrari et al., 2004; Wolosker et al., 2003) apart from significant
deterioration in quality of life. The findings in study 4 (Chapter Seven) demonstrate that
deterioration to CLI occurred within a relatively short time in a significant proportion of
patients (within less than two years of initial diagnosis of IC) highlighting the need for a timely
intervention. Furthermore, this work has also demonstrated that haemodynamic decline among
those who experienced significant deterioration, a marker for future development of CLI (M.
H. Criqui et al., 2008; A. D. Nicoloff et al., 2002), commenced within the first year after
diagnosis (Figures 7.14 and 7.15). Timely intervention is therefore critical since deterioration

to CLI is denoted by a poor prognosis (Norgren et al., 2007).

“The most striking feature of CLI is the dismal prognosis for both life and limb
outcomes, no matter what treatment is employed.”

(Norgren et al., 2007, p.S40)

Once a patient with IC deteriorates to CLI, the possibility for successful revascularisation is
significantly reduced (M. S. Conte et al., 2019), the risk for amputation increases 200-fold and
mortality risk increases 3-fold (Anand et al., 2018). In patients with CLI who undergo lower
limb bypass procedures, the risk of graft occlusion is higher than in patients with IC due to
worse disease with possibly poor runoff vessels require more complex interventions and greater
likelihood of treatment failure (Conte et al., 2019). On the other hand, endovascular or surgical
intervention in a patient with IC is associated with significantly lower risk than in a patient
with CLI (Dabrh et al., 2016; Hess et al., 2017; Sartipy et al., 2018). The risk of amputation
among patients revascularised for CLI is 12% in 6 months compared to 0.4% per year in
patients with IC (Fridh et al., 2017). Timely intervention and avoiding development of CLI is
therefore of paramount importance in this group of patients and the risk of future deterioration
needs to be identified and addressed at an early stage, before development of CLI occurs. The
early identification of IC patients at the highest risk of rapid deterioration may therefore be

beneficial and early preventive intervention may be justified in selected cases.

Further to identifying the clinical need to change the management paradigm as stated above,
this work demonstrated (Chapter 4, study 1), that literature related to the prognosis of the lower
limb is unclear (Mizzi et al., 2019) and it is therefore not possible to predict the risk of
deterioration of the individual patient at initial diagnosis. Not knowing the patient’s risk at

initial presentation creates an element of clinical uncertainty (Birkmeyer et al., 2013; Soden et
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al.,2017; Sommers & Launer, 2014) making choice of treatment difficult. According to Kuhn’s
philosophy of advancement in medicine this was equivalent to a model drift, indicating

uncertainty within the accepted management paradigm (McWHINNEY, 1984).

8.2.2 Exposing discrepancies within the current management paradigm

Following the epistemiological approach of critical realism within which this thesis is grounded
where knowledge is partial and therefore progressive (Ellaway et al., 2020), the current
management paradigm was questioned, as proposed by the revolutionary theory of Thomas
Kuhn (Chapter 3, Figure 3.2) (Kuhn, 2012). The work of this thesis therefore sought to explore
whether currently accepted views about the benign nature of the natural history of patients with
IC was indeed consistent with current observations. Important differences in risk factor
prevalence among different populations of patients with IC were highlighted in Study 3,
emphasising that prognoses between patient populations are also likely to differ due to the
association between risk factors and outcome (V. Aboyans et al., 2018; Kollerits et al., 2008).
Anomalies within the current accepted paradigm of predicted low risk to limb among patients
with IC were therefore exposed, motivating the author to progress to the next phase within the
revolutionary theory (Gutting, 1980) by providing further evidence of discrepancies between

the accepted notion of a benign prognosis and what is observed through conducted studies.

This new evidence was provided in study 4 (a two-year observational prospective study) where
a limb threatening prognosis was exposed among IC patients, highlighting what is described
by Thomas Kuhn (Kuhn, 2012) a model crisis. This phase within the revolutionary theory
denotes the exposure of a discrepancy between the accepted current paradigm of a benign
prognosis, where 5-10% develop CLI within 5 years (Dormandy & Murray, 2011; Norgren et
al., 2007) and the observed evidence (more than 23% developed CLI within 2 years). To the
best of the author’s knowledge, this is the first study to report such a high rate of deterioration,
possibly due to different characteristics of recruited participants between studies (Zielinski et
al., 2017) and methodological differences applied in this study to minimise biases which have
underestimated progression in previous works (Mizzi et al., 2019; B. Sigvant et al., 2016), as
discussed in further detail in Chapter 4. These results have important and meaningful clinical
implications which denote the importance to focus not only on reducing cardiovascular risk at
initial diagnosis of IC, as currently recommended (Stewart et al., 2017; Velescu et al., 2017),

but to also on the high risk of lower limb morbidity documented in this thesis.
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Therefore, in line with the theory of Thomas Kuhn’s advancement in medicine (Kuhn, 2012)
the evidence produced through this thesis indicates the need for a new perspective in the
management approach for the patient presenting with IC. The diversity in patient
characteristics and high rate of deterioration to CLI demonstrated in this research, indicates
that at initial diagnosis, a more individualised approach is warranted, shifting away from the
current recommended conservative management approach to the vast majority of patients (M.
S. Conte et al., 2019). As explained in further detail below, a novel predictive model proposed
in this thesis may make this possible, moving towards a selected individualised approach model

based on the estimated prognostic risk estimated at initial diagnosis.

8.3  Proposing a novel patient-specific predictive algorithm

Currently, for the patient with IC, the clinical decision on whether to proceed to an intervention
or not remains arbitrary, since definite recommendations detailing specified patient
characteristics are not yet available (Norgren et al., 2007). This is because there is no clinical
data which may guide the physician to accurately predict risk of deterioration for the individual
patient (M. S. Conte et al., 2019). In order to provide this knowledge and support the shift to a
more individualised approach, this thesis proposes a clinical patient-specific predictive model
based on the prognostic risk factors for significant deterioration identified in study 4 (Chapter
7, section 7.4.8). The novel predictive model, which combines the risk of the identified
prognostic factors, was developed for risk stratification at initial diagnosis of IC, with the
intention of allowing for an informed clinical decision when choosing the best therapeutic
approach in the individual patient. The proposed clinical predictive model incorporates
haemodynamic data that can easily be used in an outpatient setting and may allow the clinician
to identify the risk category for deterioration to CLI of the patient in a timely manner. Once
the risk of progression to CLI is estimated, the clinician can then consider life expectancy and

patient preferences in the clinical decision for revascularisation.

As described in Chapter seven, by applying two selected levels of haemodynamic cut-off
points, the novel predictive model identifies patients with IC who are at risk of deterioration
and enables the categorisation as i] requiring prompt evaluation for revascularisation or ii]
requiring close haemodynamic monitoring. As shown in Chapter seven, the predictive model
demonstrates a ‘good’ level of discriminating capacity of 0.82 (AUROC statistic) (Unal, 2017),

indicating that it may be a viable tool for diagnosing risk among IC patients.
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8.3.1 Patients requiring prompt evaluation for revascularisation

The predictive model identifies patients who are at high risk of deteriorating to CLI within 2
years and who may possibly benefit from prompt evaluation for revascularisation by

applying the combined algorithm of —

ABPI £0.44, TBPI 0of <0.18 and IPA disease

While the discriminating capacity of the model is high, determined by the ROC statistic of
0.82, the haemodynamic cut-off points have a high specificity (98% for ABPI <0.44 and 96%
for TBPI of <0.18) but low sensitivity (19% and 24% respectively). Although ideally both
sensitivity and specificity should be close to 100%, it is often difficult to achieve in clinical
practice (Lutkenhoner & Basel, 2013). Since a positive outcome obtained by a predictive model
with high specificity may have significant therapeutic consequences (Trevethan, 2017), as in
our case, possibly invasive intervention, it is justified to sacrifice sensitivity for specificity,
which is an accepted method applied in diagnostic predictive models (Lutkenhoner & Basel,
2013). A positive outcome of this proposed predictive model corroborates the hypothesis that
the investigated patient has a high probability of developing CLI within less than two years
with a specificity of >96%, hence potentially providing enough knowledge to support the

clinical decision for preventive revascularisation.

It is understood that the low sensitivity of this algorithm within the model may result in a high
false-negative rate (Trevethan, 2017). However, it is emphasized that when the sensitivity of a
predictive model is low, the test is most useful when applied to a patient population who were
selected based on results of previous more unspecific tests (Lutkenhoner & Basel, 2013), a
situation which is precisely relevant within the context of the current proposed application.
This means that when patients do not fall within this high risk category, it is not a strong enough
reason to rule out risk of deterioration. To account for this, an adjunct second level of
haemodynamic cut-off points have been identified, this time favouring sensitivity over

specificity as described in section 8.3.2.
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8.3.2 Patients who would benefit from close haemodynamic monitoring

The risk prediction model for deterioration can be applied to categorise patients who are at risk
of deteriorating to CLI and who would benefit from close haemodynamic monitoring by

applying the following algorithm -

ABPI £0.64, TBPI of <0.39 and IPA disease.

When identifying the cut-off points for this category, the point closest to 0 method was applied
to favour sensitivity over specificity and identify as many patients at risk as possible, while
acknowledging the possibility of including false positive patients (McNamara & Martin, 2018).
This method is justified since the outcome of applying this algorithm within the predictive
model is close haemodynamic monitoring and does not inflict any therapeutic risk (Trevethan,
2017). A positive outcome of this categorised predicted risk corroborates the hypothesis that
the investigated patient has a high probability of developing CLI within two years with a
sensitivity of 78%. In view of this, it is proposed that patients within this category should be
included in a close haemodynamic monitoring program in an outpatient setting so that any
minimal deterioration can be detected immediately and a direct referral system for possible

intervention can be implemented promptly.

Until now, this is the first predictive model to be developed to predict risk of deterioration to
CLI among patients with IC. Other groups (B. L. Bendermacher et al., 2007; B. L.
Bendermacher et al., 2006; Grau et al., 2013; Ramos et al., 2011; Y. Zhan et al., 2016) have
proposed algorithms to identify patients at risk of developing PAD among the general
population, but none have focused on symptomatic PAD and the risk of lower limb morbidity,
hence the results of this research cannot be compared. Similar to the method employed in this
thesis, these published predictive algorithms were based on predictors identified through
regression models and applied AUROC analysis as a method of assessing model performance.
In comparison, the proposed predictive model for CLI (AUROC 0.82), yielded better
discriminating capacity than previously published models for PAD which have been
recommended for clinical use as PAD surveillance models, with AUROC of 0.76 (Ramos et
al.,2011) and 0.61 (Duval et al., 2012). This is suggestive that the current proposed predictive

model for CLI is a promising tool for risk prediction among patients with IC.
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It is acknowledged that further investigations are needed to assess external validation of this
proposed predictive model and also to analyse the long-term impact it may have on patient
outcomes. Nevertheless, new knowledge gained from this research has provided further insight
into the prognosis of the patient with IC. The application of this novel predictive model may
potentially assist in risk prediction for CLI development and allow for a timely intervention in
those who may potentially deteriorate, reducing the risk of adverse lower limb events and
morbidity in this population. Consistent with the revolutionary theory for advancement in
medicine (Kuhn, 2012), these findings thus provide a foundation for a paradigm shift in the

management of IC, applying a new perspective of an individualised approach.

8.4 Shifting towards an individual approach for the management of IC

In view of the evidence presented in this thesis, a paradigm shift in the management of patients
with IC, from a conservative approach for the vast majority of patients to a more individualised
approach by identifying those who are at higher risk at presentation stage, is being proposed.
A new concept of predictive diagnosis, using the clinical predictive model proposed in this
work, where the individual predisposition for potentially developing CLI is identified early,
thus allowing for targeted prevention strategies, may be a promising approach against limb

threatening deterioration in stratified patient groups.

The shift to a more individual approach, also known as personilised medicine, emerges from
the field of oncology utilising genetic information (Gil et al., 2018) and has been applied in
other medical specialties (Hays, 2019) such as rheumatology (Sirotti et al., 2017), neurology,
and cardiovascular disease (Lee et al., 2012). In wound healing, for example, innovative
concepts using predictive and personalised medicine have been proposed, by applying
knowledge on individual risk factors, functional interrelationships, causality and predictive

diagnosis (Avishai et al., 2017).

In personalised medicine, the medical model proposes that clinical decisions, practices and
interventions are tailored to the individual patient based on their predicted response or risk of
disease, aimed to deliver timely targeted prevention (Vogenberg et al., 2010). While it is argued
that medicine has always been personalised, where each clinician tries to find the best possible
treatment for the patient at hand (Avishai et al., 2017), the personalised medicine approach

proposes the use of prognostic data to aid predictive diagnosis and guide clinical decisions,
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possibly allowing for early preventive strategies. It is believed that this approach also provides
improved efficiency in healthcare in terms of better and safer therapy for patients, reduced

treatment lengths and hence reduced costs (Lee et al., 2012).

The same principle is being proposed here, following the evidence emerging from this thesis,
where the concept of a more tailored approach is also applied in the management of the patient
with IC. While it is acknowledged that further research may be required to change perspectives
in the management of a disease, in view of the findings of this work, it may be plausible to
propose a paradigm shift from a conservative approach to the majority of patients into a
selected individual approach based on predictive diagnosis. It is hoped the proposed paradigm
shift in management of IC, where the patient’s individual predisposition to adverse events is
addressed, may limit deterioration rates to CLI while still in time to decrease morbidity and

mortality rates in patients with IC.

8.4.1 The impact on the healthcare system

The management of PAD is recognised as an area for potential improvement, both in terms of
diagnosis and in terms of medical therapy (Argyriou et al., 2013). In primary care, evidence
shows that this condition is undertreated and underdiagnosed (Mohler et al., 2008), while in
secondary care, in areas of clinical ambiguity, such as whether to revascularise a patient with
IC at initial diagnosis, there is significant variation in choice of management (Birkmeyer et al.,
2013; Soden et al., 2017). Despite efforts by treating physicians, variation in management has
been associated with inefficient utilization of resources and suboptimal outcomes (Vogel et al.,
2009). Currently increasing emphasis is placed within healthcare systems for efficient
utilisation of resources while simultaneously improving outcomes (Birkmeyer et al., 2013).
This has become more important in current times, as the longevity of the population increases
(Podesta et al., 2019) and the healthcare budget continues to consume ever-increasing
proportions of the nations’ budgets (Azzopardi Muscat et al., 2017). This work and
recommendations derived from this thesis, leading to the proposal of a paradigm shift in the
management of IC, may not only improve outcomes among patients with IC but may also have

a positive impact on current healthcare efficiency.

Furthermore, critical limb ischaemia has a significant socioeconomic impact due to the

associated decrease in quality of life, decreased employment ability, possible

269



institutionalisation and substantial burden on the patient’s emotional and social well being
(Duff et al., 2019). Improving outcomes and reducing the risk of deterioration to CLI and its
clinical consequences may therefore not only have a positive humanistic impact but also

improve the socioeconomic and financial challenges.

As discussed in section 8.3, implementing a more individualised approach to management of
patients with IC based on predictive diagnosis, may improve focus of secondary care resources
on patients who would benefit most from interventional management. Early revascularisation
(both endovascular and open surgery/ lower extremity bypass) together with appropriate
medical therapy and exercise, has been shown to improve long-term outcomes in patients with
IC (Fakhry et al., 2018; Malgor et al., 2015; Pandey et al., 2017). Open surgery, although
associated with higher peri-operative risks than endovascular interventions, results in longer
patency and a fast improvement of blood flow (Malgor et al., 2015). In patients with IC who
have involvement of small caliber arteries, such as infrapopliteal arteries (Lorbeer et al., 2018),
lower extremity bypass is the preferred management strategy (M. S. Conte et al., 2015), while
endovascular procedures in diabetic patients with infrapopliteal PAD is associated with poor
long-term outcomes (Neupane et al., 2018). This is particularly relevant within the context of
the current proposed predictive model where it is suggested that early intervention should be
considered in patients at risk of CLI based on the haemodynamic parameters and presence of
infrapopliteal artery disease. If long-term benefits are to be achieved in these patients, timely
intervention is of importance before deterioration of disease and other comorbidities (Ferrari
et al., 2004; Wolosker et al., 2003). This approach in selected patients may result in less need
of re-intervention (M. S. Conte et al., 2015), improved utilization of hospital resources due to
more targeted interventions (Simons et al., 2012), more efficient healthcare systems (Devine
et al., 2016), sustained improved physical function and most importantly, better health related

quality if life for the affected patient (Malgor et al., 2015).

Although a cost-benefit analysis would be required to ascertain this, the implementation of a
haemodynamic monitoring program for patients with IC may also reduce costs in secondary
care. Referrals for haemodynamic analysis within a primary care facility, as shown in study 2,
may reduce rates of misdiagnosis and associated wrong referrals from primary care for
secondary management (Mizzi et al., 2018), while also improving efficiency of timely referrals
based on objective haemodynamic reports. The usefulness of ABPI as a marker for both risk

of lower limb morbidity (V. Aboyans et al., 2006; M. H. Criqui et al., 2008) and also mortality
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(Hyun, Forbang, Allison, Denenberg, Criqui, & Ix, 2014) has been previously reported.
However, up till now this has not been translated into the necessity of close haemodynamic
monitoring in patients with IC. In this thesis cohort, apart from the participants who
deteriorated to CLI, a further 27% experienced significant haemodynamic decline of a median
0f 0.25 in ABPI and 0.24 in TBPI within two years, both markers of imminent development of
CLI (Norgren et al., 2007) and cardiovascular morbidity (M. H. Criqui et al., 2008). The high
proportion of significant haemodynamic deterioration during a relatively short time
documented in the current research, emphasises the importance of close monitoring of patients
who are diagnosed with IC and managed conservatively. Non-invasive haemodynamic
assessment by an experienced practitioner such as a podiatrist, may provide an objective
measure for IC diagnosis (Mizzi et al., 2018), while also categorising patients within the

currently proposed predictive model.

Currently, since the general approach for patients with IC is conservative management,
haemodynamic monitoring is not a justified or recommended practice. On the other hand, the
current proposal provides clear justification for close haemodynamic monitoring of IC patients
so that if deterioration is detected, timely referrals for immediate intervention in patients with
a high predisposition for adverse events can be implemented, potentially reducing morbidity
rates. By applying the proposal in this thesis, there is potential that health practitioners trained
in haemodynamic assessment, working in liaison with vascular consultants may contribute to
a highly cost-effective approach, improving health efficiency and reducing health costs

associated with morbidity in patients with IC.

Acceptance of new evidence and implementing changes in management guidelines by
professional societies is known to be a slow and difficult process and facilitators associated
with improved uptake of guidelines may need to be involved (Kastner et al., 2015). The work
in this thesis has clearly shown that failure to intervene in the patients identified as being in the
high risk of deterioration may result in worse outcomes, both in terms of limb salvage and
quality of life (Duff et al., 2019). The next phase of this work, alongside the external validation,
is to develop an implementation strategy which would include relevant stakeholders, to
facilitate the translation of the findings of this research to be adopted in routine clinical practice

and enhance management in this patient cohort.
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While the interpretation of this work needs to be considered in relation to the population
studied, it has highlighted the fact that the prognosis of IC can be more threatening than
previously thought, suggesting that management guidelines for management of this disease
may need to be revised and reconsidered. As shown in this research, patients with a higher risk
of deterioration may be identified at an early stage, potentially guiding the clinical decision for
an invasive approach to treatment in selected cases. Risk categorisation of patients with IC at
initial presentation and a more individualised approach to treatment may be beneficial in the
patients with high risk of developing CLI. The importance of developing treatment strategies
for the patient with IC based on disease severity, defined by haemodynamic analysis and
anatomic pattern of the disease is highlighted, aiming to improve outcomes in the population

of patients with IC.

8.5 Potential limitations

The limitations pertaining to each study were discussed in the relevant chapters (Chapters 4,6,
and 7). However, as with all research studies, some biases related to the overall research need
to be acknowledged. Bias is defined as any trend or deviation from the truth in data collection,
analysis or interpretation (Simundic, 2013). In order to minimise the deviation from the truth,
potential sources of bias need to be identified and the researcher must address them where
possible. There are three types of bias- selection bias, information bias and confounding bias

which, to some degree, are present in all types of medical research (Grimes & Schulz, 2002).

8.5.1 Selection bias

Selection bias refers to a situation where the sample studied is not representative of the
population with the phenomenon of interest (Hren & Lukic, 2006). Often, due to resource and
time constraints, the whole population cannot be studied therefore, a sample is recruited, and

this sample needs to be representative of the population for acceptable external validity.

In the case of this research, the identified eligible population with IC in Malta who were
referred to the vascular clinic was recruited with almost negligible attrition rate or loss to
follow-up. This increased the likelihood of better validity of the results representing typical
patients seen by vascular specialists. However, it is acknowledged that this study population is

a selected group of patients referred to a vascular clinic and findings may differ in a population
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of unselected patients with symptomatic PAD. It is possible that patients with IC adapt their
lifestyle in such a way that they do not experience debilitating symptoms (Szymczak et al.,
2018) and therefore do not feel the need to seek medical help. While efforts were made at the
initial stages of this work (Study 2) to encourage that all patients visiting the GP clinic with IC
were referred, this group of patients may be under-represented in this study. A larger population
study of patients with PAD which includes unselected symptomatic patients could provide a

broader insight on the influence of patient characteristics on the progression of PAD.

8.5.2 Information bias (Reporting bias)

During the recruitment process, patients were asked to report the severity of their symptoms
and claudication distance through self-reporting. It could be that over-emphasis of their
symptoms could occur in order to stress the importance of their ailment to be seen sooner by
the vascular specialist. In order to reduce this possibility, a previously validated questionnaire
(Walking impairment questionnaire) was used which took into account the perceived walking
impairment related to the activity in the past week and was found to effectively reflect walking

distances in daily life (Frans et al., 2013).

Potentially under-reporting or non-disclosure of conditions can also occur, particularly in self-
reporting health risk behaviours which have unattractive social associations such as alcoholism,
drug abuse and smoking (Crutzen & Goritz, 2010). This gives rise to social desirability bias
where participants tend to distort self-reports to provide responses that, in their view, are more
consistent to social norms (Paulhus et al., 1991). Patients may, as a result, under-report their
smoking habits, which would result in a reduced perceived impact of smoking on the outcome.
Methods to reduce social desirability bias include the use of indirect questions and re-assuring
the patient that no personal judgment will be applied. These methods were therefore adopted

in this work with the aim of recording truthful measures.

Improvement of symptoms and haemodynamic parameters could have been due to the
development of collateral circulation (Traupe et al., 2013; Yang et al., 2008), metabolic
adaptation of ischaemic muscle (Jansson et al., 1988) or gait adaptation by the patient to favour
non-symptomatic muscle groups (Szymczak et al., 2018). It was not possible to evaluate these
factors in this research due to the invasive nature of some measures and it is therefore not

known whether any of these may have contributed to self-reported symptomatic improvement.
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Further research related to the development of collateral circulation may help improve the

understanding of arteriogenesis and its influence on symptom severity in this group of patients.

8.5.3 Confounding bias

Confounding bias can occur when one or more risk factors can be associated both with the
characteristic of interest and with the outcome, but not being necessarily the cause of the

adverse event (Ramirez-Santana, 2018).

Confounding factors were identified in the initial stages of the design of the study and these
were included in the regression analysis in order to control for their effects. There may have
been unmeasured confounding factors or mediating factors such as anxiety (Smolderen et al.,
2009) which were not measured in this study. However, all medications were recorded and
further investigations to analyse the effect of possible confounding conditions which can be

identified through the prescribed medications was employed.

Patients recruited for this study were not precluded from treatment and advice, therefore
conventional conservative therapy such as the commencement of aspirin and statins, advice to
exercise and to stop smoking were implemented. These factors could have influenced the
progression of PAD in the recruited cohort. One way to control confounding effects is by
applying multivariate techniques (Grimes & Schulz, 2002). For this reason, to control for such
possible confounding factors, any changes in treatment or life-style were recorded during the
12 month and 24-month follow-up and were included in the multinomial analysis. While
restriction of these confounding variables would be the best way to avoid them in a study, it
was not possible within the context of the patient with IC as this would be unethical. Therefore,
the findings of this work do not describe the natural history of PAD progression, since
improvement may be attributed to the prescribed treatment. Nevertheless, these findings reflect

the progression of PAD in typical patients with IC in the real world and current health systems.
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8.6 Implications for clinical practice

The studies within this work have three important outcomes:

1) the provision of evidence of diverse risk factor prevalence at initial diagnosis among

different populations with IC

i1) the provision of evidence of a worse limb threatening prognosis among patients with

IC than previously assumed

ii1) the development of a predictive model that allows for early identification of those

who are at a higher risk of developing CLIL

Together, these outcomes have led to potential implications to practice discussed below.

Recommended guidelines for the management of the patient with IC and previous research is
generally focussed on addressing cardiovascular risk of major adverse events. Since a benign
lower limb prognosis was always assumed, prevention of lower limb morbidity received
limited attention. The data obtained from this two-year study shows evidence of significant
lower limb deterioration within a relatively short time. The implications are important and
clinically meaningful and may change the perspective of IC management in terms of focussing
more on improving lower limb perfusion at an early stage in order to limit the risk of developing

CLI when the patient is still fit and can safely undergo revascularisation.

The evidence demonstrated in this work, showed that diverse populations have different risk
factor profiles and different patient characteristics, which may translate into a limb threatening
prognosis when presenting with IC. It is therefore recommended that a more individual and
personalised approach to management of the condition should be employed, taking into
consideration the independent risk factors identified in this work, namely ABPI and TBPI at
initial diagnosis, the presence of infrapopliteal artery disease and HbAlc levels. If patients are
identified as high risk for developing CLI, this information can help support alternative clinical
decisions for active preventative measures, rather than applying a conservative approach until

deterioration occurs.
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Early identification of those who are at a higher risk of deterioration, by using the proposed
predictive model, would allow better informed clinical decision-making towards an early
preventive treatment strategy. Identifying the individual’s predisposition to developing CLI
would help in formulating a tailored approach to management of the condition, hopefully
reducing the risk of future lower limb morbidity which is known to significantly increase
mortality risk. This would allow for early preventive intervention in a patient with IC, which
is associated with lower morbidity and mortality rates than when the patient potentially
deteriorates to CLI. Further research assessing the long-term benefits of applying this approach

is however required.

Of note, this research has corroborated the importance of haemodynamic analysis in patients
with PAD, but has also shown an increased significance of these parameters as they can be
utilised as prognostic tools for early identification of patients at risk of CLI in the future. It is
therefore recommended that all patients presenting with IC should be referred for
haemodynamic analysis for diagnosis and risk categorisation. Once a patient is diagnosed with
IC due to PAD, frequent haemodynamic monitoring is recommended as any deterioration may
be detected promptly, allowing for immediate referral and avoidance of delay. An increase in
haemodynamic monitoring may mean an increased requirement in education among health
professionals in haemodynamic assessment training since accuracy in the use of Doppler
ultrasound is skill-dependent (Kim et al., 2020; Tehan & Chuter, 2015). It is thought that this
approach would minimise health costs as it works towards a more targeted and efficient referral
system to vascular surgery for those who are at a higher risk of deterioration. Haemodynamic
assessment results should be available to primary care GPs to assist in diagnosis and to the
vascular surgeon for easier triaging of referrals and risk assessment. This would also help in a
more objective diagnostic method for IC among primary health GPs which will potentially

improve referral patterns and medical management of the patient with IC.

8.7 Recommendations for future research

The application of the predictive model as a tool to identify patients with IC who are at risk of
developing CLI requires further investigation. Sensitivity and specificity trials on other cohorts
are required to further validate the application of this model. Further research on with regards
to inclusion of other variables may be implemented to improve the sensitivity of the model. If

data is available, preliminary retrospective studies on cohorts from other countries and different

276



health systems could be performed in the initial phase, which could be extended to prospective
cohort studies in different populations with differing risk factor prevalence at baseline in the
subsequent phase. This would determine the external validity of the predictive model in varying

populations.

Once this is established, following the ‘model revolution’ phase, the new paradigm requires
agreement from key experts to initiate the shift in management of patients towards becoming
‘normal science’. Expert consensus to gain agreement on recommendations could be sought
through a Delphi process (Humphrey-Murto et al., 2017), engaging key representatives of
international and national vascular associations and organizations involved in the development
of practice guidelines related to the management of intermittent claudication. The Delphi
technique would be ideal as it is a structured process using ‘rounds’ of questionnaires sent to
selected experts or stakeholders in the field, until consensus to adopt an individualised
approach using the proposed predictive model is reached. It allows participation of individuals
from geographically diverse locations, avoids domination of consensus by one or a few experts

and synthesises the knowledge of the whole group (Boulkedid et al., 2011).

The implementation of a paradigm shift in the management of patients with IC to a more
individual approach, would require further investigation to determine its feasibility and
effectiveness. By identifying patients who are at a higher risk of deterioration, the findings
from this thesis provide a foundation for future studies to investigate how best to manage such
patients so that their outcomes are improved. It is not yet known whether such patients would
benefit from closer follow-up or earlier revascularisation. However, close haemodynamic
monitoring, which is a main recommendation from this thesis, is important for identifying those
who fail to respond to conservative management. Comparative effectiveness trials
investigating different approaches to management of the patient with IC are required. A
randomised controlled trial would ideally be designed where a group of patients would be
managed according to current guidelines while the second group would be managed by
applying the patient-specific predictive models for risk categorisation, employing an individual
approach to treatment, depending on the presence or absence of the independent risk factors
identified in this thesis. The impact of implementing an individual approach to management of
IC on patient outcomes could therefore be compared and its effectiveness could be established

by assessing long-term outcomes.
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Following the unexpected findings in Study 2 related to the referral pathways employed by
primary care GPs, in Malta, it would be interesting to assess whether the implementation of the
new claudication clinic had an impact on the service pathways for the patient with IC. This
could be assessed through a prospective analysis of patients referred to the vascular specialist
clinic at least two years from the inception of the claudication clinic in order to keep to a
minimum any patients who had been referred prior to this date. Outcomes of interest such as
time from referral to appointment, diagnostic processes employed and number of inappropriate
referrals could be assessed and compared to results obtained in study 2. This would allow for
the analysis of the impact of such a clinic on specialist vascular care units located within the

hospital, helping to establish better protocols for patients with PAD within primary care.

8.8 Conclusion

This research sought to identify risk factors of deterioration to CLI and to explore the prognosis
of the patient with IC in terms of lower limb outcomes and haemodynamic progression of PAD.
The findings challenge currently held views of the benign prognosis of IC and expose a two-
year limb threatening prognosis in more than half of the study participants, indicating the
potential need for a paradigm shift in the current management approach. Important predictors
for deterioration to CLI were identified and a novel patient-specific model was proposed for
risk stratification to support clinical decision making when selecting the optimal treatment

approach for the individual patient at initial presentation.

This work was completed through the design of four sequential studies, founded in critical
realist epistemological approach. Initial work involved two retrospective studies which
questioned current knowledge related to the haemodynamic progression of PAD in patients
with IC and the current local diagnostic and referral processes employed in this group of
patients. The findings highlighted the current clinical uncertainty associated with lower limb
prognosis in IC and laid the groundwork for the main study. The third and fourth studies
provided evidence that lower limb prognosis is not as benign as previously assumed and that a
shift from a generally conservative management approach to a more individualised approach
at initial diagnosis may be appropriate. Potentially useful predictive risk factors for
deterioration to CLI were identified and a clinical prediction model which helps identify

patients at very high risk of developing CLI is proposed.
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The clinical prediction model may potentially be utilised to guide the clinical decision for
selection of treatment strategy at initial diagnosis of IC. This model may help the clinician
categorise the patient into high risk of CLI, possibly requiring evaluation for preventive
intervention, or moderate risk, requiring close haemodynamic monitoring. To date, no
prediction model for assessing risk of deterioration in patients with IC has been developed
therefore this work is novel and provides a foundation for further studies to evaluate how to
best manage these categories of patients to improve their outcomes. As such, close
haemodynamic monitoring is an important recommendation from this thesis as it is important
for timely identification of those who fail to respond to conservative management. Results from
this study may support a radical change in the management of this patient group, potentially
allowing prompt intervention in selected patients in order to reduce morbidity rates in this

population.
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No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found

Introduction

Background/rationale Explain the scientific background and rationale for the investigation being reported

Objectives State specific objectives, including any prespecified hypotheses

Methods

Study design Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially
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completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
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(c) Summarise follow-up time (eg, average and total amount)
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their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized

(¢) If relevant, consider translating estimates of relative risk into absolute risk for a
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UA



Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based
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Abstract

Background: Intermittent claudication (IC) is the most common symptom of peripheral arterial disease and is
generally treated conservatively due to limited prognostic evidence to support early revascularisation in the
individual patient. This approach may lead to the possible loss of opportunity of early revascularisation in patients
who are more likely to deteriorate to critical limb ischaemia. The aim of this review is to evaluate the available
literature related to the progression rate of symptomatic peripheral arterial disease.

Methods: We conducted a systematic review of the literature in PubMed and MEDLINE, Cochrane library, Elsevier,
Web of Science, CINAHL and Opengrey using relevant search terms to identify the progression rate of peripheral
arterial disease in patients with claudication. Outcomes of interest were progression rate in terms of haemodynamic
measurement and time to development of adverse outcomes. Two independent reviewers determined study
eligibility and extracted descriptive, methodologic, and outcome data. Quality of evidence was evaluated using the
Cochrane recommendations for assessing risk of bias and was reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines.

Results: Seven prospective cohort studies and one retrospective cohort study were identified and included in this
review with the number of participants in each study ranging from 38 to 1244. Progression rate reports varied from
a yearly decrease of 0.01 in ankle-brachial pressure index (ABPI) to a yearly decrease ABPI of 0.014 in 21% of
participants. Quality of evidence ranged from low to moderate mostly due to limited allocation concealment at
recruitment and survival selection bias.

Conclusions: Progression of PAD in IC patients is probably underestimated in the literature due to study design
issues. Predicting which patients with claudication are likely to deteriorate to critical limb ischaemia is difficult since
there is a lack of evidence related to lower limb prognosis. Further research is required to enable early identification
of patients at high risk of progressing to critical ischaemia and appropriate early revascularisation to reduce lower
limb morbidity.

Keywords: Intermittent claudication, Peripheral arterial disease, Haemodynamic deterioration, Prognosis, Progression

* Correspondence: anabellemizzi@gmail.com
'Faculty of Health Sciences, University of Malta, Msida, Malta
Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http/creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

UK



Mizzi et al. Journal of Foot and Ankle Research (2019) 12:40

Background

Intermittent claudication (IC) is the first symptom of
peripheral arterial disease (PAD) and is associated with
significant functional impairment [1, 2]. Patients with IC
are at significant risk of atherosclerotic morbidity such as
stroke and coronary artery disease [3]. The mortality risk
of patients presenting with IC is double that of patients
with PAD who are asymptomatic [4]. On the other hand,
the prognosis and progression of PAD of the affected
limbs is known to be less relevant with the majority
remaining stable, some improving, while approximately
20-25% requiring revascularisation and 5% eventually
deteriorating to critical limb ischaemia (CLI) [5].

Since it is expected that the majority of patients with
IC will have a relatively benign lower limb prognosis, the
recommended first-line treatment strategy is conserva-
tive treatment [6]. This includes lifestyle modification
(smoking cessation and exercise [7, 8], and medical ther-
apy [9-11] (antiplatelets, lipid lowering drugs and blood
pressure management). The primary objective of this
treatment strategy is to reduce the risk of major adverse
cardiovascular events in this patient cohort rather than
to control lower limb symptoms or delay progression of
peripheral arterial disease. Unfortunately, this approach
ignores the fact that a proportion of patients with claudi-
cation will deteriorate to critical limb ischaemia and will
require lower limb interventions. Patients who develop a
major adverse limb event (MALE) have more than a
threefold increase in mortality and an almost two hun-
dred fold increased risk of limb loss [12].

If those patients with claudication at high risk for deteri-
oration to critical limb ischaemia could be identified before
the onset of gangrene and tissue loss, early revascularisa-
tion could possibly reduce the risk of minor amputations,
major amputations, local and systemic sepsis from ulcers
and wet gangrene and mortality [13]. Intervening early
when the patient is younger and possibly fitter and without
concomitant ulceration or gangrene would more likely lead
to better surgical outcomes, lower mortality and less septic
complications. There is clear evidence that revascularisa-
tion surgery conducted on an urgent or emergency basis
and in the presence of gangrene and tissue loss is associ-
ated with significantly higher surgical mortality and mor-
bidity [13]. In addition, intervening earlier would often
require less invasive and less extensive procedures [14].
Endovascular, open or hybrid procedures involve the treat-
ment of underperfused segments in the lower limb by im-
proving blood flow to increase pain free walking distance.
While revascularisation, together with exercise, is superior
in treating IC compared to medical therapy alone [15-17],
the choice of treatment should rely on patients’ values and
preferences, clinical context and expertise [18] since well-
defined clinical practice guidelines for choice of treatment
in patients with IC are still lacking.

Page 2 of 9

Currently there are no predictive formulae that allow
the clinician to estimate the level of risk of an individual
patient with intermittent claudication to progress to crit-
ical limb ischaemia or the time scale in which this is
likely to occur [6]. For effective patient specific decisions
to be made, tools to predict the risk per year of the
patient deteriorating to critical ischaemia are required.
This risk could then be balanced against the life expect-
ancy of the particular patient, as well as the risks of the
particular intervention/s required to optimise perfusion
to the limb. Availability of this information would also
enable informed decisions as to which treatment option
would be best suited for a particular patient where more
than one treatment option is available. Thus for example
a lower risk but less effective revascularisation option
may be selected in a high risk patient, while for a low
risk patient a higher risk but more durable procedure
may be indicated.

In order to develop predictive formulae for patient spe-
cific lower limb management for IC, detailed PAD pro-
gression data is crucial, however this is scarce, since the
main focus of research has been coronary disease and
stroke with less attention paid to the lower limb [3, 5].

This paper evaluated the current evidence related to
the progression rate of PAD in patients with IC which is
essential for informed clinical decision making.

Methods

This systematic review was conducted following recom-
mendations from the Cochrane Collaboration [19]. The
study design, population selection and follow-up time
frame were summarised following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [20]. The search was conducted
between 9th July and 25th July 2018.

Literature search

The search for potentially relevant articles was per-
formed in PubMed and MEDLINE, Cochrane database
of systematic reviews, Elsevier (Embase and Sciencedir-
ect), Web of Science and CINAHL. Reference lists of
retrieved full-text articles were also cross-checked and
OpenGrey database was searched for any relevant grey
literature. The searches were performed without restric-
tions on publication date, or publication status. Search
results were downloaded into a bibliographic software
Refworks (ProQuest LLC).

The inclusion criteria for the search strategy consisted
of studies on humans and written in the English lan-
guage. The search terms used for this literature search
were identified after reading several publications related
to the subject area and through conducting scoping
searches. The terms were formulated by three experi-
enced reviewers who have an interest in the subject area.
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Choice of terms was done independently and was fina-
lised by the main researcher who eliminated duplicates
but retained all the identified key words. The literature
search sought to identify studies reporting the progres-
sion of PAD in patients with IC. Search terms included
free text terms and Medical Subject Heading (MeSH)
terms related to [1] intermittent claudication; [2] PAD;
[3] peripheral vascular disease. The keywords and MeSH
headings for searching MEDLINE used are presented in
Table 1. Search strategies were adapted for searching
within different databases. The terms needed to present
in the title or abstract.

Study eligibility criteria

As recommended in the PRISMA statement [20], before
starting the literature search explicit declarations of
questions being addressed were defined with reference
to participants, interventions, comparisons, outcomes
and study design (PICOS).

Eligible articles needed to report on the natural history
of patients with IC as a symptom of PAD, also document-
ing progression rate of the disease. Disease progression
has been previously suggested to be detectable after twelve
months [21], therefore studies were selected if they pri-
marily aimed to investigate the progression of symptom-
atic arterial disease with at least one-year follow-up.

Primary endpoints were progression rate in terms of
haemodynamic parameters (expressed as time for change
in ankle and / or toe pressures) and adverse lower limb
events (expressed as time to development of ulceration,
amputation or gangrene). Secondary endpoints were identi-
fication of prognostic factors for the development of ad-
verse lower limb events and for the progression of PAD in
patients with IC.

While prospective observational longitudinal cohort
studies have the most suitable design to investigate the
natural history of events [22], in this review all study de-
signs and sample sizes were considered.

Table 1 Keywords and MeSH headings used for literature
search

Search 1: MeSH headings - intermittent claudication
Intermittent claudication AND Prognosis
Intermittent claudication AND fate
Intermittent claudication AND natural history
Intermittent claudication AND progression
Intermittent claudication AND outcome
Search 2: MeSH headings - peripheral arterial disease,
peripheral vascular disease
Peripheral arterial disease/ peripheral vascular disease AND
Prognosis
Peripheral arterial disease/ peripheral vascular disease AND
Progression
Peripheral arterial disease/ peripheral vascular disease AND
natural history
Peripheral arterial disease/ peripheral vascular disease AND
outcome
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Study selection

Titles and abstracts of studies identified by the search
strategy were assessed in terms of relevance to the study
topic. Additional relevant references identified from the
bibliography of the reviewed articles and those retrieved
from the grey literature search, were also assessed. Full
texts of selected articles were retrieved if they fulfilled the
inclusion criteria and were reviewed by two investigators
independently (SM and CF, both experienced researchers).
A meta-analysis was planned if clinical homogeneity was
observed. The process was pilot-tested on a selection of
studies and refined where required. Disagreement between
reviewers regarding the article relevance, inclusion or
quality was discussed until agreement was reached.

Quality assessment

Methodological quality of each trial was evaluated sys-
tematically with the aid of the Cochrane handbook [19]
and reported following the PRISMA checklist [20]. The
Cochrane recommended approach for interpretation of
the risk of bias for each important outcome (across do-
mains) within and across studies was applied as summa-
rized in Table 2 below [23].

Results

The initial database search yielded a total of 793 potentially
relevant papers and an additional paper was retrieved from
grey literature search. These were processed as illustrated
in Fig. 1 and following the independent review of the full-
text versions by SM and CF, a further 59 articles were
excluded while 8 studies fulfilled the inclusion criteria and
were included. The reasons for exclusion were failure to
report haemodynamic deterioration, failure to report out-
comes of participants with IC, failure to report temporal
progression of PAD and use of same cohort. The PRISMA
flow chart and reasons for exclusion are shown in Fig. 1.
Due to the heterogeneity of the methods used in reporting
haemodynamic deterioration and outcome measures, a
narrative synthesis of the 8 included studies was conducted
without meta-analysis.

Eight full-text articles met the selection criteria reporting
temporal progression of PAD in patients with IC [21, 24—
30]. Study designs included were seven prospective cohort
studies and one retrospective cohort study. The number of
participants ranged from 38 to 1244, with the largest study
recruiting only male participants. Six studies [24-29] in-
cluded ABPI as a baseline clinical measure of PAD and two
studies [21, 30] reported degrees of stenosis using duplex
ultrasonography. Only one study [26] included TBPI Diag-
nosis of IC as a symptom of PAD, in order to exclude any
alternative diagnosis, varied considerably across the studies.
One study used the WHO questionnaire, while 5 studies
used ABPI <0.9 as a cut-off point and another two studies
used duplex ultrasound scan reports to diagnose PAD at
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Table 2 Interpretation of bias risk [23]
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Risk of bias Interpretation

Within a study

Across studies

Low risk of bias. Plausible bias unlikely to seriously

alter the results.

Plausible bias that raises some
doubt about the results.

Unclear risk of bias.

High risk of bias. Plausible bias that seriously weakens

confidence in the results.

Low risk of bias for
all key domains.

Unclear risk of bias for
one or more key domains.

High risk of bias for one
or more key domains.

Most information is from studies at low risk of bias.

Most information is from studies at low or unclear
risk of bias.

The proportion of information from studies at high risk
of bias is sufficient to affect the interpretation of results.

baseline and exclude alternative non-atherosclerotic causes
of IC. Two studies evaluated walking distance using tread-
mill tests, one other study included data using the San
Diego claudication questionnaire while the rest did not
report walking distance. Follow-up period ranged from one
year to twelve years. The characteristics of the included
studies are described in Table 3.

Progression of PAD

We identified 8 studies which evaluated the progression of
PAD in patients with IC. Only two studies [24, 25] reported
yearly haemodynamic decline in ABPI by 0.014 and 0.01

respectively. Others reported varied results which are sum-
marized below. The different measures of PAD progres-
sion, differing follow-up and outcome data used in the
included literature makes inferences difficult as to defining
the progression rate of PAD in patients with IC.

Summary of results

In summary, the results of this study demonstrate that
yearly haemodynamic decline in ABPI was reported in
two study by 0.014 [24] and 0.01 [25]. Another study
reported an overall decline in ABPI of 0.02 or 0.013 in
TBPI, but included both IC participants and participants

5 Recordsidentified through Additional records identified
E database searching through other sources
‘!? (n=793 ) (n=1)
v A
— Records after duplicates removed
(n=471)
2
g \
Records screened _|  Recordsexcluded
(n=471) d (n=404)
() Y
Full-text articles assessed
2 for eligibility
i (n=67) Full-text articles
B exduded
(n=59)
No report on
progression of PAD
(35),
— No report on IC
patients (7)
A No report on
§ Sudiesincuded in progression rate (17)
qualitative synthesis
2 (n=8)

—

Fig. 1 PRISMA flow chart for study selection
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with PAD but with no symptoms [26]. Others reported
that ABPI <0.58 at baseline and/or a decline by 0.15 in
ABPI is indicative of progression to critical limb ischaemia
(CLI), without reporting the temporal element [27]. How-
ever, a faster atherosclerotic progression rate was observed
in claudicants compared to non-claudicants [21] and a
yearly 30% increase in SFA stenosis is indicative of re-
quirement for revascularisation. Smith et al. [28] reported
a decline after 5years in ABPI by 0.04 in the limb with
lower ABPI at baseline and a decline of 0.09 in the limb
with higher ABPL. While in an earlier study, Smith et al.
[29] reported a decline of 0.14 of ABPI in 21% of the par-
ticipants after 1year of diagnosis. Using velocity ratio
measured by duplex, Whyman et al. [30] reported that a
velocity ratio >3 at baseline is associated with deterior-
ation to occlusion of SFA within thirteen weeks.

The prognostic value of the reports presented in the
selected studies is limited due to the quality of evidence
of each trial. Overall the reviewers rated the quality of
evidence for progression rate of PAD in patients with IC
as low mainly owing to the possibility of serious risk of
bias in these studies (Table 4). For evidence related to
the identification of specific patient characteristics asso-
ciated with poor prognosis and risk of developing
adverse events, reviewers generally rated the evidence as
moderate, mainly due to the substantial differences
between the studies. A narrative with the rationale for
these results is presented below.

Selection bias, because of inadequate allocation con-
cealment at recruitment stage was observed in four out
of the seven studies reviewed [21, 25-27]. Inadequate
allocation concealment occurs when the researcher is
aware of the next treatment allocated for the patient,
which often leads to selection bias in observational stud-
ies. Participants with IC who were referred for revascu-
larisation or who were severely ischaemic were excluded
from these studies, resulting in the recruitment of only
those with milder disease. Subsequently the disease pro-
gression reported by a mean or percentage decline in
ABPI in these studies, does not include those with more

Table 4 Risk of bias of included trials
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severe PAD and results therefore underestimate the true
progression.

Survival selection bias was evident in 6 [24—29] out of
the seven studies reviewed. This occurred when authors
excluded participants who required revascularisation
during the course of the study or who died by the end of
the study. In the context of evaluating the natural his-
tory of PAD in IC patients, survival selection bias, some-
times referred to as selective reporting, often results in
the underestimation of the true progression of the dis-
ease since those who most likely progressed rapidly were
excluded from the analysis. Among the reviewed studies,
this source of bias was often coupled with selection bias
at recruitment stage, as discussed earlier, which may
have exacerbated the possibility of underestimation of
the progression of PAD in this group of patients.

The reporting of methodological detail about aspects
that threaten internal validity such as measurement pre-
cision of the tools used were often reported. Having reli-
able and valid instruments is one of the best ways of
reducing measurement bias in epidemiologic research.
However, reports of measurement quality due to the
possibility of arterial calcification and hence reporting,
were also neglected, with only one article [26] reporting
the possibility of artefactually elevated ABPI. While
Walsh et al. [21] analysed atherosclerotic progression
using sonographic studies, other studies which used the
ABPI as a surrogate measure of peripheral perfusion, are
susceptible to the hidden risks associated with this tool
[31]. Patients with diabetes, smoking, renal disease or
aged over seventy five are at a higher risk of medial ar-
terial calcification [32, 33]. In these patients, the ABPI
needs to be interpreted with caution since results may
be artefactually elevated due to non-closure or delayed
closure of the artery when the cuff is inflated. In such
cases the TBPI is recommended since the digital arteries
of the foot are less susceptible to arterial calcification
[34, 35]. However, since most of these studies were pub-
lished before issues with calcification and ABPI readings
were recognized, the possibility of having artefactually

Source of bias

First author Allocation concealment Selective recruitment

Incomplete outcome data  Survival selection  Summary risk of bias

Naschitz 1988 [27] yes yes
Walsh (1991) [21] yes yes
Fowkes (1993) [25] yes yes
Whyman (1993) [30]  No No
Bird (1999) [26] yes yes
Smith (1998) [29] No yes
Smith (2003) [28] No yes
Aquino (2005) [24] no yes

no yes high

no no moderate
no yes high

yes No low

yes yes High

yes yes high

yes yes high

no yes moderate
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elevated ABPI readings was not addressed. Among the
studies included in this systematic review, only one
study [26] reported TBPI readings while another six [24,
25, 27-30] did not discuss the possibility of falsely ele-
vated results possibly resulting in an underestimation of
the true decline of ABPI in their results [36].

Discussion

This systematic review is the first to evaluate the pro-
gression rate of PAD in individuals with IC in terms of
haemodynamic assessments of the lower limb, since pre-
vious reviews largely focused on mortality or amputation
risks [37]. Data from the reviewed studies have generally
agreed on an overall decline in ABPI by 0.01 to 0.02 over
1 year [24, 26, 28]. A decline of 0.15 was reported in se-
vere cases of PAD [27] which has been previously associ-
ated with a 2.5 increased risk of surgical intervention
[38] and is independently associated with increased risk
of cardiovascular disease [39]. However, these results are
probably an underestimation of the true overall deterior-
ation in this population. The issues with selection bias at
recruitment stage and the use of ABPI as a measure of
peripheral perfusion with its inherent difficulties in the
presence of medial arterial calcification [31, 40] probably
resulted in a falsely conservative measure of PAD pro-
gression reported in most studies. Indeed, a faster pro-
gression rate was reported in only one study, stating an
overall decrease of 0.14 in ABPI in 21% of patients
within the first year [29].

The underestimated risk to the limb in PAD patients has
also been reported in a systematic review investigating the
progression of PAD in both asymptomatic and symptom-
atic patients within the context of amputation and
mortality risk [37, 41]. The authors report that while the
TransAtlantic Inter-Society Consensus for the Management
of Peripheral Arterial Disease (TASC) state an amputation
rate of 1-3% after five years [6] in IC patients, results from
their review indicate a more aggressive progression of PAD
resulting in an amputation rate of 27% in those with IC.

Current level of knowledge precludes the development
of robust predictive formulae to identify the risk of
haemodynamic deterioration in an individual patient. It
is extremely likely that accurate prediction of patient
specific risk of deterioration would lead to a paradigm
shift in the management of patients with intermittent
claudication. Delaying intervention until the patient has
already developed critical ischaemia almost invariably
means that more extensive occlusive disease has devel-
oped. The more complex and the more extensive the
disease the more difficult and the riskier the intervention
is and the lower the likelihood of success and long-term
patency [30]. Furthermore, the incidence of MALE is as-
sociated with a very significantly increased risk of limb
loss and death [12]. In a systematic review of treatment

Page 7 of 9

in IC [18], authors concluded that data related to the
identification of the best suited intervention for each in-
dividual patient to achieve the most favourable outcome
are still lacking. As a result of this uncertainly The Soci-
ety for Vascular Surgery recommends that patients’
values and preferences should guide the clinical decision
on intervention in patients with intermittent claudica-
tion [42]. Ideally however those preferences should be
based on more robust evidence.

The poor design and reporting in the selected studies
may have introduced bias and reduced the robustness of
data [22, 43]. The studies evaluated in this systematic re-
view have shown variable reporting of some of the major
threats to the internal and external validity of observa-
tional longitudinal studies [22]. Selection bias due to inad-
equate allocation concealment, limited reporting of
methodological detail, incomplete information related to
attrition or non-consent and survival selection bias were
the most common sources of bias observed in these stud-
ies. Despite ongoing efforts in research in this population,
it is common in the literature for the main focus to be
mortality and cardiovascular risk rather than the affected
limb [37]. This trend has resulted in a limited understand-
ing of the prognosis and progression rate of PAD in IC
with no established criteria which allow the clinician to
predict outcomes in an individual patient [44].

Limitations of this review
The limitations of this review are mainly related to the
significant heterogeneity of data among the studies due to dif-
ferent outcome measures and study cohorts. Therefore,
meta-analyses of the data could not be performed and only
descriptive analysis of the studies was presented. Methodo-
logical quality of the included studies was rigorously assessed.
Although efforts were made to carry out a thorough
search of the literature, some studies may have been
overlooked during the process.

Future studies

This paper highlights the need for further research to
evaluate the progression rate of PAD in patients with IC.
Data from registries which include complete consecutive
patient cohorts and are protected from selection bias, are
important to support such knowledge. Future studies
should conceal allocation and pursue a high rate of follow-
up, with a maximum of twelve-month interval between
reviews in order to capture any haemodynamic change and
reduce the risk of survival selection bias observed in studies
with long interval periods and high attrition rates. Due to
the calcification risk and possibility of artefactually elevated
ABPIs, future studies need to include Doppler waveform
and toe-brachial pressure analysis since these assessment
modalities are less susceptible to arterial calcification and
more likely to provide reliable haemodynamic data.
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Conclusions

This review has shown that the existing knowledge on
the natural progression of intermittent claudication is
limited to a small number of studies providing mostly
low-quality evidence related to measurable haemo-
dynamic progression rate. The inherent difficulties asso-
ciated with ABPI as a surrogate measure of peripheral
perfusion in patients with medial arterial calcification
and the probable underestimated rate of reported pro-
gression of PAD have been highlighted. Consequently,
international guidelines on the management of PAD are
necessarily generic. Further research into the natural
progression of the disease is required to enable the
development of predictive formulae to guide patient
specific management of the condition.
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APPENDIX 4 PRISMA checklist
Section/topic Checklist item Reported
on page
#

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both.

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable:
background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of key
findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is
already known.

Objectives 4 | Provide an explicit statement of questions being addressed with
reference to participants, interventions, comparisons, outcomes,
and study design (PICOS).

METHODS

Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed

registration (e.g., Web address), and, if available, provide registration
information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and
report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of
coverage, contact with study authors to identify additional studies)
in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database,
including any limits used, such that it could be repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility,
included in systematic review, and, if applicable, included in the
meta-analysis).

Data collection 10 | Describe method of data extraction from reports (e.g., piloted

process forms, independently, in duplicate) and any processes for obtaining
and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g.,
PICOS, funding sources) and any assumptions and simplifications
made.

Risk of bias in 12 | Describe methods used for assessing risk of bias of individual

individual studies studies (including specification of whether this was done at the
study or outcome level), and how this information is to be used in
any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in
means).

Synthesis of results 14 | Describe the methods of handling data and combining results of

studies, if done, including measures of consistency (e.g., 1% for
each meta-analysis.

W7



APPENDIX 5

TABLE 1. The checklist criteria, and their definitions, used to rate the articles included in the study*

Criterion

Definition

N =

w

o &

o

N

o

©o

11.
12.

13.
14.
15.

20.

2

=

22.

2
2

A W

2

o

2

o

27.

2

©

29.
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33

. Are the objectives or hypotheses of the study stated?
. Is the target population defined?

. Is the sampling frame defined?

Is the study population defined?

. Are the study setting (venues) and/or geographic location
stated?

. Are the dates between which the study was conducted stated or
implicit?

. Are eligibility criteria stated?
. Are issues of “selection in” to the study mentioned?t
. Is the number of participants justified?

. Are numbers meeting and not meeting the eligibility criteria
stated?

For those not eligible, are the reasons why stated?

Are the numbers of people who did/did not consent to
participate stated?

Are the reasons that people refused to consent stated?
Were consenters compared with nonconsenters?

Was the number of participants at the beginning of the study
stated?

. Were methods of data collection stated?

. Was the reliability (repeatability) of measurement methods
mentioned?

. Was the validity (against a “gold standard”) of measurement
methods mentioned?

. Were any confounders mentioned?

Was the number of participants at each stage/wave specified?
. Were reasons for loss to follow-up quantified?

Was the missingness of data items at each wave mentioned?
. Was the type of analyses conducted stated?

. Were “longitudinal” analysis methods stated?

. Were absolute effect sizes reported?

. Were relative effect sizes reported?

Was loss to follow-up taken into account in the analysis?
. Were confounders accounted for in analyses?

Were missing data accounted for in the analyses?

. Was the impact of biases assessed qualitatively?

. Was the impact of biases estimated quantitatively?

. Did authors relate results back to a target population?

. Was there any other discussion of generalizability?

Self-explanatory.

The group of persons toward whom inferences are directed. Sometimes the population
from which a study group is drawn.

The list of units from which the study population will be drawn. Ideally, the sampling frame
would be identical to the target population, but it is not always possible.

The group selected for investigation.

Comment required about location of research. Could include name of center, town, or
district.

Self-explanatory.

The words “eligibility criteria” or equivalent are needed, unless the entire population is the
study population.

Any aspect of recruitment or setting that results in the selective choice of participants (e.g.,
gender or health status influenced recruitment).

Justification of number of subjects needed to detect anticipated effects. Evidence that
power calculations were considered and/or conducted.

Quantitative statement of numbers.

Broad mention of the major reasons.

Quantitative statement of numbers.

Broad mention of the major reasons.
Quantitative comparison of the different groups.

Total number of participants (after screening for eligibility and consent) included in the first
stage of data collection.

Descriptions of tools (e.g., surveys, physical examinations) and processes (e.qg., face-to-
face, telephone).

Evidence of reproducibility of the tools used.

Evidence that the validity was examined against, or discussed in relation to, a gold
standard.

Confounders were defined as a variable that can cause or prevent the outcome of interest,
is not an intermediate variable, and is associated with the factors under investigation.

Quantitative statement of numbers at each follow-up point.

Broad mention and quantification of the major reasons.

Differences in numbers of data points (indicating missing data items) explained.
Specific statistical methods mentioned by name.

Longitudinal analyses were defined as those assessing change in outcome over two or
more time points and that take into account the fact that the observations are likely to be
correlated.

Absolute effect was defined as the outcome of an exposure expressed, for example, as the
difference between rates, proportions, or means, as opposed to the ratios of these
measures.

Relative effects were defined as a ratio of rates, proportions, or other measures of an
effect.

Specific mention of adjusting for, or stratifying by, loss to follow-up.

Specific mention of adjusting for, or stratifying by, confounders.

Specific mention of adjusting for, or stratifying by, or imputation of missing data items.
Specific mention of bias affecting results, but magnitude not quantified.

Specific mention of numerical magnitude of bias.

A study is generalizable if it can produce unbiased inferences regarding a target population
(beyond the subjects in the study). Discussion could include that generalizability is not
possible.

Discussion of generalizability beyond the target population.

* Sources for definitions: Rothman and Greenland (35), Last (37), Twisk (41).
1 Represents selection bias at the beginning of a study. Other selection biases (i.e., loss to follow-up, missing data items) are dealt with by other checklist criteria.
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APPENDIX 6

Tool to Assess Risk of Bias in Cohort Studies

1. Was selection of exposed and non-exposed cohorts drawn from the same population?

Definitely yes Probably yes Probably no Definitely no
(low risk of bias) (high risk of bias)

Examples of low risk of bias: Exposed and unexposed drawn for same administrative data base
of patients presenting at same points of care over the same time frame

Examples of high risk of bias: exposed and unexposed presenting to different points of care or
over a different time frame

2. Can we be confident in the assessment of exposure?

Definitely yes Probably yes Probably no Definitely no
(low risk of bias) (high risk of bias)

Examples of low risk of bias: Secure record [e.g. surgical records, pharmacy records]; Repeated
interview or other ascertainment asking about current use/exposure

Examples of higher risk of bias: Structured interview at a single point in time; Written self
report; Individuals who are asked to retrospectively confirm their exposure status may be
subject to recall bias — less likely to recall an exposure if they have not developed an adverse
outcome, and more likely to recall an exposure (whether an exposure occurred or not) if they
have developed an adverse outcome.

Examples of high risk of bias: uncertain how exposure information obtained

3. Can we be confident that the outcome of interest was not present at start of study

Definitely yes Probably yes Probably no Definitely no
(low risk of bias) (high risk of bias)
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4. Did the study match exposed and unexposed for all variables that are associated with the
outcome of interest or did the statistical analysis adjust for these prognostic variables?

Definitely yes Mostly yes Mostly no Definitely no
(low risk of bias) (high risk of bias)

Examples of low risk of bias: comprehensive matching or adjustment for all plausible prognostic
variables

Examples of higher risk of bias: matching or adjustment for most plausible prognostic variables

Examples of high risk of bias: matching or adjustment for a minority of plausible prognostic
variables, or no matching or adjustment at all. Statements of no differences between groups or
that differences were not statistically significant are not sufficient for establishing
comparability.

5. Can we be confident in the assessment of the presence or absence of prognostic factors?

Definitely yes Probably yes Probably no Definitely no
(low risk of bias) (high risk of bias)

Examples of low risk of bias: Interview of all participants; self-completed survey from all
participants; review of charts with reproducibility demonstrated; from data base with
documentation of accuracy of abstraction of prognostic data

Examples of higher risk of bias: Chart review without demonstration of reproducibility; data
base with uncertain quality of abstraction of prognostic information

Examples of high risk of bias: Prognostic information from data base with no available
documentation of quality of abstraction of prognostic variables

6. Can we be confident in the assessment of outcome?

Definitely yes Probably yes Probably no Definitely no
(low risk of bias) (high risk of bias)

Examples of low risk of bias: Independent blind assessment; Record linkage; For some
outcomes (e.g. fractured hip), reference to the medical record is sufficient to satisfy the
requirement for confirmation of the fracture.

Examples of higher risk of bias: Independent assessment unblinded; self-report; For some
outcomes (e.g. vertebral fracture where reference to x-rays would be required) reference to

the medical record would not be adequate outcomes.

Examples of high risk of bias: uncertain (no description)
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7. Was the follow up of cohorts adequate?

Definitely yes Probably yes Probably no Definitely no
(low risk of bias) (high risk of bias)

Examples of low risk of bias: No missing outcome data; Reasons for missing outcome data
unlikely to be related to true outcome (for survival data, censoring is unlikely to introduce bias);
Missing outcome data balanced in numbers across intervention groups, with similar reasons for
missing data across groups; For dichotomous outcome data, the proportion of missing
outcomes compared with observed event risk is not enough to have a important impact on the
intervention effect estimate; For continuous outcome data, plausible effect size (difference in
means or standardized difference in means) among missing outcomes is not large enough to
have an important impact on the observed effect size; Missing data have been imputed using
appropriate methods.

Examples of high risk of bias: Reason for missing outcome data likely to be related to true
outcome, with either imbalance in numbers or reasons for missing data across intervention
groups; For dichotomous outcome data, the proportion of missing outcomes compared with
observed event risk is enough to induce important bias in intervention effect estimate; For
continuous outcome data, plausible effect size (difference in means or standardized difference
in means) among missing outcomes is large enough to induce clinically relevant bias in the
observed effect size.

8. Were co-Interventions similar between groups?

Definitely yes Probably yes Probably no Definitely no
(low risk of bias) (high risk of bias)

Examples of low risk of bias: Most or all relevant co-interventions that might influence the
outcome of interest are documented to be similar in the exposed and unexposed.

Examples of high risk of bias: Few or no relevant co-interventions that might influence the
outcome of interest are documented to be similar in the exposed and unexposed.

2R1



APPENDIX 7
Participant Information Sheet

Anabelle Mizzi

Room 56

Faculty of Health Sciences
University of Malta

Date:

To whom it may concern

I am currently conducting a study entitled ‘The prognosis of intermittent claudication’ for my
PhD.

You are being invited to take part in this research. Before you decide to participate, it is
important for you to understand why this research is being done and what it will involve.
Please take time to read the following information sheet carefully. Please ask if there is
anything that is not clear to you or if you would like more information regarding the study.
Take time to decide whether or not you would like to take part.

The main purpose of the study is to investigate patient characteristics and risk factors
associated with intermittent claudication, which is the pain you feel when walking and is then
relieved by rest. A literature search has shown that in some patients, symptoms may worsen
over time but there is not enough evidence to be able to identify these patients early before
their circulation deteriorates. This study aims to provide information related to the early
identification of these patients so that they can undergo surgical treatment before
deterioration occurs.

If you decide to take part, the study includes recording of medical details, blood results and
measurement of blood circulation in your feet. This will take approximately 30 minutes. You
may ask any information or details about how these will be collected. You will be required to
return for data collection after 12 months and 2 years for a repetition of the tests. All the
information recorded will be encoded and it will not be possible for anybody to identify you
in any way. Personal information will also be encoded and will be kept safely in a password
protected folder on a computer, accessible only by the researcher. There will be no restriction
during the participation of the study and if at any time you feel distressed due to the study,
although every effort will be made to minimise the chances of this from happening, your
participation will be terminated. Ethical approval has been sought from the University of
Malta before conduction of the study.

The information gained from this study may help develop new treatment protocols for
patients with intermittent claudication in Malta.

It is up to you whether you wish or not to take part. If you decide to take part, you are still
free to withdraw from the study at any time, without giving any reason. A decision to
withdraw or not to take part will not affect you in any way. If you require any more
information about this research, please feel free to contact me or my supervisor on the contact
emails below. If you decide to take part, you can contact me on any of contact details below
or you can leave your name with the staff at the Vascular Clinic (MDH) so that I can contact
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you myself. You will be given this information sheet to keep and will be asked to sign a
consent form.

Thank you in advance for taking the time to read this.
Regards

Anabelle Mizzi Researcher

Email:

Dr Cynthia Formosa Supervisor
Email:

R



APPENDIX 8

Consent Form

Title of Project: The Prognosis of Intermittent Claudication
Researcher: Anabelle Mizzi MSc
Supervisors: Dr Cynthia Formosa

Prof Kevin Cassar
I am a Maltese citizen and am over eighteen (18) years of age.

I have been asked to participate in a research study entitled ‘Prognosis of intermittent
claudication’ conducted Anabelle Mizzi.

The purpose and details of this research have been clearly explained to me by the researcher,
Anabelle Mizzi, and all difficulties have been clarified. The tests and procedure for gathering
information have also been clearly explained to me.

I understand that the result of this study may be used for medical or scientific purposes and
that results achieved from this research which I am participating in may be reported or
published, however, I shall not be personally identified in any way, either individually or
collectively without my written permission. I was informed that all data will be destroyed
after successful completion of this research and all identification numbers of participants will
be destroyed as well.

I understand that I may ask for more information about the study now, or at any time as the
study progresses.

I am under no obligation to participate in this study and am doing so voluntarily. I may
withdraw from the study at any time, without giving any reason. This will not influence in
any way the care, attention and treatment normally given to me.

I am not receiving any remuneration for participation in this research.

In case of queries during my participation I may contact Anabelle Mizzi on _
Signature of Participant:

Name of Participant:

Telephone Number:

Signature of Researcher:

Name of Researcher: Anabelle Mizzi

Telephone Number:

Signature of Supervisor:

Name of Supervisor: Dr Cynthia Formosa
Telephone Number:
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APPENDIX 9

The Walking impairment questionnaire

1. Please place a \ in the box that best describes how much difficulty you have had walking due to pain, aches
or cramps during the last week. The response options range from ‘No Difficulty’ to ‘Great Difficulty.’

During the last week, how much No Slight Some Much Great
difficulty have you had walking due to: ~ Difficulty  Difficulty Difficulty Difficulty Difficulty
a. Pain, aching, or cramps in your | a a a I |
calves? 1 2 g £ :
b. Pain, aching, or cramps in your a a a a Q
buttocks? 1 2 3 4 5

For the following questions, the response options range from ‘No Difficulty’ to ‘Unable to Do.” If you
cannot physically perform a specified activity, for example walk 2 blocks without stopping to rest
because of symptoms such as leg pain or discomfort, please place a ¥ in the box labeled ‘Unable to Do.’

However, if you do not perform an activity for reasons unrelated to your circulation problems, such as
climbing a flight of stairs because your home is one level or your apartment has an elevator, please
place a v in the box labeled ‘Don’t Do For Other Reasons.’

2. Please place a \ in the box that best describes how hard it was Jor you to walk on level ground without
stopping to rest for each of the following distances during the last week:

During the last week

how difficult was it No Slight Some Much Unable to Didn’t do for
for you difficulty difficulty difficulty  difficulty do other reasons
Walk indoors |:| |:| |:| |:| |:| |:|
such as around
the house 1 2 3 4 5 6
N
1. Walk 20m |:| |:| |:|
1 2 3 4 5 6
N
2. Walk 50m |:| |:|
1 2 3 4 5 6
3. Walk 100m |:| |:| |:| |:| |:| |:|
I S e S R e B
4. Walk 200m |:| |:|
1 2 3 4 5 6
I N
5. Walk 300m |:| |:|
I S e S R e B
6. Walk 500m |:| |:|
1 2 3 4 5 6
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3. Please place a\'in the box that best describes how hard it was Jfor you to walk one city block on Ilevel
ground at each of these speeds without stopping to rest during the last week. Please note 1 block is
roughly equivalent to 300 feet.

; Didn’t Do
During the last week, how No Slight Some Much  Unable for Other
difficult was it for you to: Difficulty Difficulty Difficulty Difficulty to Do Reasons

a. Walk 1 block slowly? a a a a [ | [ |
1 2 3 4 5 6
b. Walk 1 block at average speed? a a Q a a a
1 2 3 4 5 6
c. Walk 1 block quickly? Q Q 0 0 ] Q
1 2 3 4 5 6
d. Run or jog 1 block? Q a Q Q a Q
1 2 3 4 s 6

4. Please place a in the box that best describes how hard it was for you to climb stairs without stopping to
rest during the last week. Please note 1 flight of stairs is roughly equal to 14 steps.

Didn’t Do
During the last week, how No Slight Some Much  Unable for Other
difficult was it for you to: Difficulty Difficulty Difficulty Difficulty toDo Reasons

a. Climb 1 flight of stairs? Qa a a Q (| a

1 2 3 4 5 6

b. Climb 2 flights of stairs? Q Q a Q Q a

1 2 3 4 5 6
c. Climb 3 flights of stairs? a Q a a Q Q
1 2 3 4 5 6
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Walking Impairment questionnaire — Maltese version

1. Jekk joghgbok immarka V fil-kaxxa li tiddeskrivi bl-ahjar mod id-diffikulta li jkollok meta
timxi minhabba l-ugigh jew bukghawwieg, f’din [-ahhar gimgha. Ir-risposta tista tvarja minn
‘I-ebda diffikulta’ sa ‘difficli immens’

5 7e .. Ma stajtx
f: din ;“hh‘.‘t’ f)’?’p”]f’;f’ l-ebda Ftit Kemmxejn  Difficli Ma stait ghal
crm s WKL giffikulta diffikulta difficli hafna SN Fagunijiet
rex ohra
a. Timxi gewwa, . . . . .
bhal fid-dar tieghek
s 1 2 3 5 6

b. Timxi 15-il metru

- B
~
-
"H| "N
"
>

c. Timxi 50 metru

- B
~
-
"
"
>

d. Timxi 100 metru

- B
~
-
"
"
>

e. Timxi 200 metru

- B
~
-
"
"
>

f. Timxi 300 metru

- B
~
-
"
"
>

g. Timxi 500 metru

- B
~
-
"
"
>

R7



2. Jekk joghgbok immarka V fil-kaxxa li tiddeskrivi bl-ahjar mod id-diffikulta li jkollok meta
timxi minhabba l-ugigh jew bukghawwieg, f’din l-ahhar gimgha. Ir-risposta tista tvarja minn
‘I-ebda diffikulta’ sa ‘difficli immens’

F’din l-ahhar gimgha, kemm

. S l-ebda o e Kemmxejn coes s Diffiéli
hassejt dyj‘ikulta biex timxi diffikulta Ftit diffikulta difficli Diffi¢li hafna immens
minhabba:
o Ugich bukghawwice bl b [ B B
fil-pxiexen
P 1 2 3 4 5

b. Ugigh, bukghawwieg
fil-muskolu tal-patata

[]
1

[]
2

[]
3

[]
4

[]
5

3. Jekk joghgbok immarka V fil-kaxxa li tiddeskrivi bl-ahjar mod id-diffikulta li kellek fl-
ahhar gimgha meta mxejt tul ta’ blokk fil-wita’ minghjar ma tieqaf, bil-velocitajiet differenti

ndikati hawn taht.

F’din l-ahhar gimgha,
kemm hassejt diffikulta
biex:

l-ebda
diffikulta

Ftit

diffikulta

Kemmxejn Difficli

difficli

hafna

Ma stajtx

ragunijiet
ohra

a. Timxi blokk
wiehed bil-mod

—

~

3

Lh.

b. Timxi blokk
wiehed b’mixja
normali

H.

~

[]
3

"H| "N

Lh.

c. Timxi blokk
wiehed tghaggel

H.

~

[]
3

"

Lh.

d. Timxi blokk
wiehed tigri jew
Jjogging

H.

~

[]
3

"

Lh.
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3. Jekk joghgbok immarka V fil-kaxxa li tiddeskrivi bl-ahjar mod id-diffikulta li kellek fl-
ahhar gimgha biex titla t-tarag minghjar ma tieqaf. Kul sular fih bejn wiehed u iehor 14-il

targa.

5 7: .. Ma stajtx
fel’;’r’; ;Zfs'zatr ij’?’;’]zl’;; l-ebda Ftit Kemmxejn Difficli Ma staitx ghal
biejx . diffikulta diffikulta difficli hafna J ragunijiet
: ohra
a. Titla sular tarag . .
1 2 3 4 5 6

b. Titla zewg sulari
tarag

~

[]
3

~

Lh.

@.

d. Titla tett sulari
tarag

~

[]
3

Lh.

Q.
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APPENDIX 10

Statistical results

Baseline Parameters mean and SD

Variable Mean SD Minimum Maximum
eGFR (mls/min/1.73m*) n=150 78.18 31.30 6.0 164.0
Cholesterol (mmol/l) n=150 4.45 1.20 2.41 9.0
Triglyceride (mmol/I) n=150 1.75 1.2 0.15 8.8
HDL Cholesterol (mmol/l) n=150 1.23 0.39 0.63 3.11
Non HDL Cholesterol (mmol/l) n=150 3.23 1.17 1.32 7.49
LDL Cholesterol (mmol/l) n=150 2.41 13.81 0.02 5.85
Total Cholesterol: HDL ratio n=150 3.88 1.33 1.67 7.99
Fasting Glucose (mmol/l) n=115 8.32 3.06 4.56 16.85
HbAlc (%) n=150 6.93 1.39 4.20 10.91
Creatinine (umol/l) n=150 103.23 74.3 38.0 811
CRP (mg/L) n=139 4.85 7.75 0.10 56.0
ESR (mm 1* hr) n=136 136 16.46 1.00 74.0

Mean SD Minimum Maximum

ABPIR n=148 0.81 0.32 0.4 1.67

ABPIL n=150 0.82 0.34 0.4 1.6

ABPI (symptomatic limb) n=150 0.71 0.3 0.4 1.60

ABPI* (excluding calcified arteries) n=125 0.60 0.17 0.4 0.86

TBPI n=150 0.38 0.2 0.21 0.94

Absolute toe pressures (mmHg) n=150 574 253 38 136

Claudication distance (m) n=150 136.2 111.3 50 400

WIQ score n=150 44.9 15.9 28.2 78.8
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Waveforms at baseline

PT Doppler waveform
Frequen Cumulative
cy Percent ~ Valid Percent Percent

Valid Absent 4 2.3 2.7 2.7
Continuous 1 .6 7 33
Monophasic Continuous 57 32.9 38.0 41.3
Monophasic 76 43.9 50.7 92.0
Biphasic 11 6.4 7.3 99.3
Triphasic 1 .6 i 100.0
Total 150 86.7 100.0

Missing ~ System 23 13.3

Total 173 100.0

DP Doppler waveform
Frequency = Percent = Valid Percent Cumulative
Percent

Valid Absent 4 2.3 2.7 2.7
Monophasic Continuous 68 39.3 45.3 48.0
Monophasic 68 39.3 45.3 933
Biphasic 10 5.8 6.7 100.0
Total 150 86.7 100.0

Missing  System 23 13.3

Total 173 100.0

Analysing Gender

Difference in demographics between men and women

Age

Gender * Age and BMI

N Mean Std. Deviation
Female 31 69.4 8.94
Male 119 69.8 9.46
Total 150 69.7 9.33

95% Conf Int for Mean

P value Lower Bound  Upper Bound
0.818 66.07 72.64
68.07 71.51
68.19 71.21

271




Descriptives
BMI
N Mean Std. Std. 95% Confidence Minimu  Maximum
Deviation  Error Interval for Mean m
Lower Upper
Bound Bound
Female 31 27.516  5.93268 1.0655 25.3400  29.6923 19.20 47.10
Male 119 27.871 3.76019 34470  27.1888  28.5540 18.90 44.80
Total 150 27.798 427841 .34933 27.1077  28.4883 18.90 47.10

Difference in risk factors between men and women

Smoking status* Gender

Gender
Female Male Total
Smoking status Current smoker Count 10 45 55
Percentage 32.3% 37.8% 36.7%
Ex-smoker Count 4 58 62
Percentage 12.9% 48.7% 41.3%
Never smoked Count 17 16 33
Percentage 54.8% 13.4% 22.0%
Total Count 31 119 150
Percentage 100.0% 100.0% 100.0%
X?(2) = 27.002, p < 0.001
Cardiac disease * Gender
Gender
Female Male Total
Cardiac disease Cardiac disease Count 9 52 61
Percentage 29.0% 43.7% 40.7%
No cardiac disease Count 22 67 89
Percentage 71.0% 56.3% 59.3%
Total Count 31 119 150
Percentage 100.0% 100.0% 100.0%

X%(1) = 2.12, p =0.139
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Diabetes*Gender

Gender
Female Male Total
Diabetes Diabetes Count 17 87 104
Percentage 54.8% 73.1% 69.3%
No Diabetes Count 14 32 46
Percentage 45.2% 26.9% 30.7%
Total Count 31 119 150
Percentage 100.0% 100.0% 100.0%
X%(1) = 3.861, p =0.0
Gender *MACE
Gender
Female Male Total P value
History of Ml History of Ml Count 2 27 29 0.041
Percentage 6.5% 22.7% 19.3%
No History of Ml Count 29 92 121
Percentage 93.5% 77.3% 80.7%
o e T e o o w s| oz
Percentage 29.0% 41.2% 38.7%
mi’e‘:\:ie"r:ti‘fgdiac Count 22 70 92
Percentage 71.0% 58.8% 61.3%
History of CVA  History of CVA Count 4 11 15 055
Percentage 12.9% 9.2% 10%
No history of CVA o nt 27 108 135
‘ Percentage 87.1% 90.8% 90%
X%(1) = 4.158, p =0.041
Difference in waveforms between men and women
Gender
Female Male Total
PT Doppler  Absent Count 2 2 4
waveform Percentage 6.5% 1.7% 2.7%
Continuous Count 0 1 1
Percentage 0.0% 0.8% 0.7%
Monophasic Continuous Count 12 45 57
Percentage 38.7% 37.8% 38.0%
Monophasic Count 16 60 76
Percentage 51.6% 50.4% 50.7%
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Biphasic Count 1 10 11
Percentage 3.2% 8.4% 7.3%
Triphasic Count 0 1 1
Percentage 0.0% 0.8% 0.7%
Total Count 31 119 150
Percentage 100.0% 100.0% 100.0%
X?(5) = 3.531, p =0.
DP waveform * Gender
Gender
Female Male Total
DP Doppler waveform Absent Count 2 2 4
Percentage 6.5% 1.7% 2.7%
Monophasic Count 16 52 68
Continuous Percentage 51.6% 43.7% 45.3%
Monophasic Count 11 57 68
Percentage 35.5% 47.9% 45.3%
Biphasic Count 2 8 10
Percentage 6.5% 6.7% 6.7%
Total Count 31 119 150
Percentage 100.0% 100.0% 100.0%
X?(3) = 3.278, p =0.351
Descriptive statistics analyzing CHD
95% C | for Mean
Lower Upper
N Mean SD Std. Error Bound Bound Minimum Maximum
Absolute toe Cardiac Disease 61  60.38 24.19 3.10 54.18 66.57 15.00 136.00
pressure No Cardiac disease 88 55.25 25.87 2.76 49.77 60.73 8.00 130.00
Total 150 57.35 25.24 2.07 53.26 61.43 8.00 136.00
Claudication Cardiac Disease 61 138.61 115.51 1479 109.02  168.19 10.00 400.00
distance No Cardiac disease 89 134.49 109.01 1156 111.53  157.46 10.00 400.00
Total 150 136.17 111.34 9.09 11820  154.13 10.00 400.00
ABPI Cardiac Disease 45 63 14 .02 .59 67 .38 .86
No Cardiac disease 81 .58 .18 .02 .54 .62 .39 .93
Total 126 .60 A7 01 57 63 .38 .93
ABPIall Cardiac Disease 61 77 .32 .04 .69 .85 .38 1.60
No Cardiac disease 89 .65 .29 .03 .59 .71 .39 1.60
Total 150 .70 31 .02 .65 75 .38 1.60
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TBPI Cardiac Disease 61 42 A7 .02 .38 .46 .18 .94
No Cardiac disease 88 .36 A7 .02 .32 .39 .21 .84
Total 150 .38 A7 .01 .36 41 .21 .94
Age Cardiac Disease 61 70.80 9.39 1.20 68.40 73.21 46.00 88.00
No Cardiac disease 89 68.94 9.26 .98 66.99 70.89 38.00 85.00
Total 150 69.70 9.33 .76 68.19 71.21 38.00 88.00
BMI Cardiac Disease 61 46.85 6.43 .82 45.20 48.49 31.30 73.90
No Cardiac disease 89 44.68 6.91 .73 43.23 46.14 31.30 72.70
Total 150 45.56 6.78 .55 44.47 46.66 31.30 73.90
Smoking status and cardiac disease
Cardiac No Cardiac Total
Disease disease
Smoking Status Current Smoker Count 12 43 55
% within CardiacDisease 19.7% 48.3% 36.7%
Past Smoker Count 35 27 62
% within CardiacDisease 57.4% 30.3% 41.3%
Never smoked  Count 14 19 33
% within CardiacDisease 23.0% 21.3% 22.0%
Total Count 61 89 150
% within CardiacDisease 100.0% 100.0%  100.0%
X? (2)=14.543, p=0.001
Systolic blood pressure group * CardiacDisease
CardiacDisease Total
Cardiac  No Cardiac
Disease disease
Systolic blood pressure ~ <140mmHg Count 20 26 46
group % within Cardiac Disease 32.8% 29.2% 30.7%
140mmHg to Count 26 34 60
160mmHg % within Cardiac Disease 42.6% 382% 40.0%
>160mmHg Count 15 29 44
% within Cardiac Disease 24.6% 32.6% 29.3%
Total Count 61 89 150
% within Cardiac Disease 100.0% 100.0% 100.0%

X? (2)=1.116, p=0.572

275




Analysing Haemodynamics differences between smokers

Difference between current or past smokers and those who never smoked in ABPI

Smoking status

Current / past

smokers Never smoked Total
ABPI Group  ABPI <0.59 Count 48 10 58
Percentage 40.7% 31.3% 38.7%
ABPI 0.6-0.7 Count 26 8 34
Percentage 22.0% 25.0% 22.7%
ABPI 0.71-0.89  Count 31 7 38
Percentage