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Abstract 

Background: Frailty describes a syndrome characterised by reduced physiological 

reserve and increased vulnerability to even minor stressors due to age-associated 

changes in physiological substrate. Frailty is common in vascular surgery 

populations and has demonstrated associations with adverse health outcomes and 

increased risk of mortality. However, in the absence of clear guidelines there is 

uncertainty over the approach to frailty identification and its management. Frailty 

identification can be considered the critical first step to improving health 

outcomes for this vulnerable population. A role is identified for exploring 

approaches to frailty assessment and the implications this might bring to vascular 

surgery services.  

Aims: This thesis addresses the following aims: 

1. To explore the methodological approaches to frailty assessment described 

in vascular surgery research and clinical practice. 

2. To explore the practical utility of frailty in vascular surgery clinical 

practice. 

3. To explore stakeholders perceptions of frailty assessment in clinical 

practice. 

Methods: Three approaches were adopted to target research questions. First a 

two-part systematic review was performed. The first part included any study 

describing any form of frailty assessment in vascular surgery populations for any 

reason. Data collection included which frailty assessment tools were used, the 

methodological application of each tool and how data was analysed. The second 

review set out to explore how the clinimetric properties have been assessed for 

the ten most commonly used frailty assessment tools identified in the 

aforementioned review. Any study with the aim of exploring any clinimetric 

property was included. The search criteria was expanded to include studies of any 

surgical population as initial search strategy found restricting to vascular surgery 

populations only yielded a low number of eligible studies.  
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Secondly, a prospective observational study was conducted to explore the 

practical utility of frailty assessments in clinical practice. Patients were recruited 

from a vascular rapid-access clinic, baseline data were collected and five different 

frailty assessments were performed (Clinical Frailty Scale, Healthcare 

Improvement Scotland FRAIL, Frail NonDisabled questionnaire, subjective clinical 

assessment and 11-item modified frailty index). Outcome measures include 

feasibility parameters, comparisons of the demographic differences between 

robust and frail patients and clinimetric property assessment (interrater reliability 

and convergent validity), using clinician-assessed CFS as reference standard. A 

short-term (30-day) follow-up explores prognostic properties of frailty assessment 

tools. 

Finally, a national mixed methods study recruited vascular surgeons and allied 

healthcare professionals and explored their perceptions and utilisation of frailty 

assessment in clinical practice. An 18-item questionnaire was distributed 

purposively by email with respondents given the option to volunteer for follow-up 

interview/focus groups through the questionnaire.  

Results:  

Research aim 1: Screening 5358 records identified 111 eligible studies. Forty-

three differing frailty assessment tools were identified. One-third of these failed 

to assess frailty as a multidomain deficit and there was a reliance on assessing 

function and presence of comorbidity. Substantial methodological variability in 

data analysis and lack of methodological description was also identified. Published 

psychometric and/or clinimetric assessment was available for only 4 of the 10 

most commonly used frailty tools. The Clinical Frailty Scale (CFS) was most studied 

and demonstrated good clinimetric properties within a surgical population. 

Research aim 2: A total of 150 patients were recruited. Most were young, male 

and from areas of greatest social deprivation. Seventy-six (51%) were frail (CFS 

5+). Frailty was significantly associated with age, polypharmacy and comorbidity. 

Clinicians were more likely to consider women frail on end-of bed, this was not 

replicated in remaining instruments. Compared to CFS, there was excellent 
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agreement with end-of-bed assessment and moderate agreement with HIS FRAIL. 

The mFI-11 and FiND demonstrated poor agreement and correlation with the 

remaining frailty assessment instruments which suggests these tools measure 

different constructs. Due to small numbers, no significant differences were 

observed on 30-day follow-up, including: mortality, morbidity, length of stay, 

readmission rate, or nonhome discharge.   

Research aim 3: A total of 160 questionnaires were distributed with 60 (37.5%) 

responses. Respondents were primarily consultant or trainee vascular surgeons but 

contributions were comprehensive and involved most members of vascular surgery 

multidisciplinary team members. Responses were received from ten of fourteen 

Scottish regional health boards. A total of 20 respondents volunteered for follow-

up interviews/focus groups across four regional health boards and totalling over 8 

hours of recorded interview time. Healthcare workers recognise the importance 

of identifying and treating frailty. However, assessment lacks a unified approach 

with clinicians primarily performing subjective assessments. A call for 

standardising the approach to frailty assessment was made primarily due to a 

feeling that this would assist in unifying the necessary, and currently, disjointed 

services into a collaborative multidisciplinary approach to improving health 

outcomes for patients living with frailty. 

Conclusion: Despite frailty being recognised by vascular healthcare professionals 

as a relevant construct with important clinical considerations, there is substantial 

heterogeneity in approaches to frailty assessment within vascular surgery research 

and clinical practice. This might be associated with variability in diagnostic and 

prognostic accuracy and has generated uncertainty around tool selection. For this 

reason, a call has been made for adopting a standardised approach to frailty 

assessment. To support such a movement, the work in this thesis presents data 

supporting the feasibility of routine frailty screening using standardised tools in 

an outpatient setting. Surgeons prioritise a prognostic role for such tools while 

allied healthcare professionals consider frailty in a broader sense, recognising the 

need for collaborative multidisciplinary approaches to its management as part of 

improving health care outcomes. Introducing a standardised approach to frailty 

identification is felt supportive in this movement primarily through guiding 
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unification of language, awareness of a growing problem and to redirect the 

attention and priorities of multidisciplinary services. As part of achieving shared 

care goals, a deepened understanding of early-onset frailty and the interplay with 

mobility-limiting pathology, particularly in considering frailty phenotypically, is 

recommended.  
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Chapter 1 Introduction to thesis 

1.1 Chapter summary 

This chapter presents a summary of the content, aims/objectives and research 

questions of the thesis. This is followed by a brief summary of the work presented 

in each chapter and how this was designed to answer the component parts of the 

research questions. 
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1.2 Research objectives 

This thesis aims to understand the implications of frailty within a vascular surgery 

population. Specifically, it aims to explore frailty assessment within vascular 

research and clinical practice with a view to informing clinicians, researchers and 

policy makers on how this can be used to improve health outcomes. The main aims 

are : 

1. To explore the methodological approaches to frailty assessment described 

in vascular surgery research and clinical practice. 

2. To explore the practical utility of frailty in vascular surgery clinical 

practice. 

3. To explore stakeholders perceptions of frailty assessment in clinical 

practice. 
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1.3 Research questions 

The research questions that will be addressed in this thesis are: 

1. What are the methodological approaches to frailty assessment in vascular 

surgery related research. 

2. Can frailty assessment be implemented as part of routine care in clinical 

practice, and if so; 

a. What is the feasibility of routinely measuring frailty in an outpatient 

setting.  

b. How do clinimetric properties of frailty assessment tools compare in 

prospective frailty assessment. 

c. How do the prognostic properties of frailty assessment compare in 

prospective frailty assessment. 

3. What are stakeholder’s perception and utilisation of frailty assessments in 

a vascular surgery setting. 
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1.4 Outline of chapters 

This thesis is presented in monograph/traditional format. Where the work 

presented in chapters has resulted in journal publication, this has been made clear 

in the respective chapter summary with the chapter presented in the style of the 

journal publication.  

 

Chapter 2: Frailty assessment in a vascular surgery population 

This chapter presents a published literature review defining arterial disease 

relevant to vascular surgery speciality and summarising frailty and its implications 

in vascular surgery practice. The relevance of frailty assessment and its role in 

improving healthcare outcomes is explored, acting to justify the research 

questions described in section ‘1.3. Research questions’. 

 

Chapter 3: A systematic review of frailty assessment tools used in vascular 

surgery research. 

This chapter contains a published two-part systematic review addressing research 

question 1 (What are the methodological approaches to frailty assessment in 

vascular surgery related research). The first systematic review collates and 

describes the varying frailty assessment instruments applied in vascular surgery 

research. The second systematic review explores the clinimetric properties, 

where assessed, of popular frailty assessment instruments. Finally, the chapter 

discusses challenges in frailty assessment relevant to a vascular surgical 

population. Areas for further work are identified which are addressed in 

subsequent chapters. 
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Chapter 4: Materials and methods for ‘Frailty Assessment in Vascular 

OUtpatient Review’ (FAVOUR) study 

This chapter contains a published methodological summary of the approach to a 

prospective observational study of feasibility, addressing research question 2 (Can 

frailty assessment be implemented as part of routine care in clinical practice). It 

describes the approach to assessment of frailty in an outpatient vascular 

department setting. Different frailty tools are described and their selection 

justified. 

 

Chapter 5: FAVOUR study results: feasibility measures and clinimetric 

properties 

This chapter presents the early results of the FAVOUR study, specifically 

addressing research questions 2a (what is the feasibility of routinely measuring 

frailty in an outpatient setting) and 2b (How do clinimetric properties of frailty 

assessment tools compare in prospective frailty assessment). The proposed role 

routine frailty assessment may have in clinical practice is explored as well as 

discussing suitable instruments/approaches for doing this. 

 

Chapter 6: FAVOUR study results: 30-day outcomes 

This chapter presents the early results from the FAVOUR study and addresses 

research question 2c (How do the prognostic properties of frailty assessment 

compare in prospective frailty assessment). This chapter explores the prognostic 

properties of selected frailty assessment instruments in the context of identifying 

a preferred instrument for routine assessment of vascular surgery patients. 
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Chapter 7: Assessing stakeholder’s perception and utilisation of frailty 

assessment in a Vascular Surgery setting – A mixed methods study. 

In addressing research question 3 (What are stakeholder’s perception and 

utilisation of frailty assessments in a vascular surgery setting), this chapter 

explores the role that frailty assessment currently has in modern management of 

vascular patients. The contrast between research practices and clinical practices 

is explored and stakeholders opinions on future directions of travel to improve the 

care of patients living with frailty and vascular disease is discussed. 

 

Chapter 8: Discussion 

The final chapter summarises the work presented in this thesis, emphasising key 

learning points. Strengths and limitations of the presented work are discussed 

before putting the thesis findings in the context of current literature. Finally, 

implications for future research and clinical practice are discussed.
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Chapter 2 Frailty assessment in a vascular 
surgery population 

2.1 Chapter summary 

This chapter presents a literature review of frailty and its implications in vascular 

surgical practice. Firstly, this chapter summarises the definition of arterial disease 

relevant to vascular surgery speciality practices. This is followed by presenting 

definitions of frailty, its biology and epidemiology within a vascular surgery setting 

and its implications on patient care, health care resources and sustainability. This 

chapter rationalises the importance of frailty recognition within this speciality, 

providing evidence to support the research questions presented in this section 1.3. 

The resultant challenges associated with heterogeneity in frailty assessment are 

touched upon in this chapter, however a comprehensive discussion is continued in 

Chapter 3. 

 

The work presented in this chapter, alongside figures 2.3 - 2.7, has been published 

as Welsh SA MP, Pathmanathan S, Hussey K, Brittenden J, Orr DJ, Quinn T. Frailty 

in peripheral arterial disease. J Vasc Soc G B 2023;2(3):128-33.[1] 
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2.2 Introduction 

It has been consistently demonstrated that compared to robust counterparts, 

vascular patients living with frailty have poorer perioperative outcomes, with 

increased morbidity and mortality.[2] Consideration of frailty is particularly 

important, not only as our population continues to age, but as advances in 

anaesthetic, surgical and endovascular techniques are enabling a broader range 

of interventional options for those people who may have traditionally been 

labelled as unsuitable for surgery.[3]  

 

Frailty has implications for health and social care at the micro and macro level 

and a failure to consider the differing needs and natural histories of people living 

with frailty could result in avoidable harm and suboptimal resource allocation. 

The growing urgency in the need to recognise and manage frailty has been 

acknowledged in national guidelines[4], however, a standardised method for doing 

so has yet to be identified and agreed upon. Despite its undeniable prognostic 

value, the predisposing risk factors and pathophysiological mechanisms of frailty 

in vascular disease remain poorly understood, albeit new data are emerging. This 

in turn has challenged a uniform approach to assessment and management. This 

heterogeneity complicates translation of research into routine clinical practice 

and guidelines. This chapter will consider the theories and biology of frailty and 

apply these to the assessment and management of the vascular surgical patient. 
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2.3 Methods 

Biomedical databases were searched for high quality original research or reviews 

pertinent to vascular surgery and frailty. Full search terms can be found in 

appendix 1 (this is the same search syntax as for the systematic review presented 

in Chapter 3). This was complemented by feedback from vascular surgical teams 

who are developing frailty services across the United Kingdom. These services 

were contacted purposively with information gathered through unstructured 

telephone interview (Hull Royal Infirmary) or through email communication 

(Ninewells Hospital). Field notes were taken and a summary of described services 

were generated with the spokesperson for each service invited to comment.  
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2.4 Definition of arterial disease in vascular surgery 

Vascular disease describes disorders of vascular (arterial and venous) anatomy. 

The vascular surgery subspeciality oversees the management of non-cardiac and 

extracerebral vascular pathology. Specifically, the work presented in this thesis 

encompasses arterial disease of any aetiology (with the exception of trauma) of 

the abdominal aorta, aortoiliac segments, mesenteric, femoral, upper/lower limb 

and carotid arteries. Disease of the thoracic or thoraco-abdominal aorta was 

considered if the proposed treatment did not involve aortic root or aortic arch 

repair as the latter two procedures can involve cardiothoracic speciality. Further, 

the management of vascular access procedures varies between health boards 

between vascular surgery or renal transplant specialities so to ensure consistency, 

vascular access is excluded. These criteria were defined to incorporate arterial 

disease typically managed by a vascular surgery speciality. Venous disease is out 

with the scope of this thesis. 

 

Pathophysiological processes of arterial inflow will result in end-organ 

hypoperfusion and tissue/organ dysfunction with signs and symptoms dependent 

on the tissue affected. Diseases that require specialised vascular surgery care 

include: peripheral arterial disease of the lower (and upper) limbs, 

mesenteric/visceral arterial disease, carotid artery disease, thoraco-abdominal 

aortic syndromes (including aneurysms, dissections, intramural haematomas and 

penetrating aortic ulcers)[5], renovascular disease (including renal access in 

certain centres), vascular trauma and vascular malformations.[6]  

 

There are multiple aetiological risk factors for arterial disease with the most 

common cause being atherosclerotic disease.[7] Atherosclerotic disease describes 

a chronic, progressive systemic disease resulting in flow-limiting stenosis of the 

arterial tree due to the progressive development of atherosclerotic plaque 

deposition.[8] The aetiological risk factors are multifactorial and can be classified 

into modifiable and non-modifiable categories. Modifiable risk factors include 
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arterial hypertension, hyperlipidaemia, diabetes mellitus, obesity and smoking. 

Non-modifiable risk factors include rising age, male sex and a family history.[9] 

Less common arterial pathophysiological disease processes include, but are not 

limited to: inflammatory vasculitides[10], infective vasculitides[11], iatrogenic 

injury, congenital disease[12] and trauma. 

 

The demand for vascular services is set to increase due to the continuing global 

rise in life expectancy, particularly in men, alongside the obesity epidemic and 

rising incidence in diabetes mellitus.[10, 13, 14] 

 

2.4.1 Management of arterial vascular disease 

There are several approaches to the management of arterial disease depending 

on the anatomical configuration of the disease, degree of end-organ dysfunction 

and physiological disturbance as well as ‘host factors’, such as the presence of 

frailty which can affect physiological reserves and ability to tolerate the stress 

imposed by various treatment options.  

 

Treatment can be classified into medical and surgical management with treatment 

options given concurrently where appropriate. Medical management encompasses 

all aspects of non-surgical treatment, including pharmaceutical treatment and 

lifestyle modifications for primary prevention of disease onset, active treatment 

of diagnosed pathology and/or aetiological risk factors for atherosclerotic disease 

or medical palliation of symptomatic end stage arterial disease.[15] Surgical 

treatment considers both open surgical intervention and minimally invasive 

endovascular revascularisation techniques performed with the intention of 

augmenting arterial inflow and arrest/reverse symptoms and signs of malperfused 

tissues. Open surgical and endovascular techniques can be employed concurrently 

as part of a ‘hybrid’ approach, enabling the treatment of multiple levels of arterial 



37 
 

disease. There are anatomical and ‘host factors’ to consider when selecting 

appropriate mode of surgical intervention.  

 

2.4.2 Key management considerations 

- Host factors: Different management options impose varying degrees of 

physiological stress. The decision to offer one treatment option over 

another will depend on the perceived likelihood of achieving satisfactory 

revascularisation against the individual’s ability to tolerate the stress 

imposed by the proposed treatment. This thesis will consider the role of 

frailty in the management of arterial disease typically managed by a 

vascular surgery subspeciality. 

- Timing considerations: Management can be offered on an elective, urgent 

or emergent basis, according to the Society for Vascular Surgery reporting 

standards.[16] A substantial proportion of the workload in vascular surgery 

is emergent or urgent with patients presenting with varying degrees of 

acute physiological stress and/or chronic physiological deconditioning. This 

thesis will consider how frailty, and its impact on physiological reserves, 

may influence treatment. 
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2.5 Definitions and theories of frailty 

In the absence of a globally accepted standardised definition, frailty can be 

considered a syndrome of increased vulnerability to even minor stressors due to a 

failure in homeostatic reserves brought about by age-associated deficits accrued 

across multiple domains. Two main theories underpinning frailty have been 

accepted:  

- Fried phenotypic model. 

- Rockwood theory of cumulative deficits.  

The two theories are not necessarily mutually exclusive. 

 

2.5.1 Fried Phenotypic model of frailty 

The Fried phenotype of frailty is characterised by progressive age-related 

deterioration in underlying physical substrate.[17] It is defined by the presence of 

three or more of the following energy-negative components existing in a self-

perpetuating cycle: unintentional weight loss, weakness, slow walking speed, low 

physical activity levels and self-reported exhaustion, Figure 2.1. Additionally, 

those without these characteristics are considered ‘robust’, while displaying one 

or two characteristics is considered a ‘pre-frail’ state.   
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Figure 2.1 - Five components of Fried’s phenotypic model of frailty. Figure is as presented 
in Welsh et al.[1]  
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2.5.2 Rockwood cumulative deficit model of frailty 

By contrast, Rockwood’s cumulative deficit theory of frailty describes frailty as a 

multifactorial and dynamic biological construct where frailty is graded by the 

progressive accrual of deficits across multiple, undefined, domains.[18] Authors 

created a Frailty Index (FI) which quantifies risk of frailty, through a quantitative 

summation of the number of deficits, rather than a qualitative consideration of 

the type of deficit, such that the greater the number of deficits, the greater the 

risk of frailty and associated risk of morbidity, Figure 2.2. Of note, the model was 

found to have improved construct, predictive validity and reduced variance once 

factors surplus to the traditional foci of physical deficits were incorporated.  

 

 
 

Figure 2.2 - Cumulative deficit frailty model A non-exhaustive example of the domains that 
could be incorporated into a frailty index based on the cumulative deficit model of frailty. 
Figure is as presented in Welsh et al.[1]  
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2.5.3 Key frailty considerations 

- Age association: Frailty is associated with increasing age but is not 

synonymous with ageing.[19] Research has historically described and 

assessed frailty in populations aged 65 years and older. However, it has 

increasingly been recognised that frailty affects middle-aged patients. 

Further, the observed negative prognostic implications of frailty in older 

adults is similarly observed in younger populations with early onset 

frailty.[20, 21]  

- Dynamic state: Historically frailty may have been considered a progressive 

physiological decline in the context of unsuccessful ageing.[22] However, 

literature exploring methods for mitigating the impact of frailty on adverse 

health outcomes have suggested a dynamic state with the ability for one 

person’s frailty to fluctuate across a bidirectional spectrum of frailty 

severity, with the potential to delay, or reverse, its progression.[23, 24]  

- Interplay with comorbidity: Similar to frailty, co-morbidity is similarly 

positively associated with increasing age.[25] The relationship between 

frailty and comorbidity is variable. Although commonly co-existent, the two 

entities can occur independently. Further, some pathophysiological 

processes can be considered aetiological risk factors for frailty. This will be 

explored in more detail later in this chapter.  
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2.5.4 Similar constructs 

Due in part to similarities, co-existence and suspected interactions, frailty has 

previously been considered equivalent to co-morbidity, disability and/or 

sarcopenia. While these entities may be related, and often coexist, they should 

be considered separate constructs.  

 

To differentiate, co-morbidity describes the co-existence of two or more chronic 

conditions. It is estimated that 70% of frail patients are co-morbid, yet only 20% 

of co-morbid patients are frail.[26] The identification of non-frail co-morbid, and 

non-comorbid frail patients supports the two constructs as independent entities, 

at least in part. 

 

Disability refers to a limitation in physical or cognitive ability to perform activities 

of daily living independently.[27] Whereas frailty describes a vulnerable state, at 

increased risk of loss of function and independence with potential for developing 

disability.[17, 22] Fried et al. have demonstrated that while 72% of frail persons 

report difficulty in mobility, only 27% had difficulty in completing the disability-

assessing activities of daily living.[17] Furthermore, of those classified as disabled, 

only 28% could be described as frail thus confirming a degree of diagnostic 

independence between the two constructs. There is also the consideration that 

frail patients may not report a disability as they may no longer attempt more 

demanding tasks of daily living. 

 

Lastly, sarcopenia is a biological syndrome characterised by the generalised and 

progressive loss of skeletal muscle mass and quality and can occur as a primary or 

secondary condition.[28] Primary sarcopenia describes tissue loss associated with 

old age in the absence of other pathological causes. Secondary sarcopenia occurs 

in states of catabolism (malnutrition, malabsorption, chronic inflammatory or 
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malignant conditions) as well as in sedentary lifestyles (‘sarcopenic obesity’).[28] 

The loss in muscle mass and quality is thought to be driven by a disruption in 

muscular homeostatic mechanisms resulting in type II muscle fibres being replaced 

by type I muscle fibres as well as fat infiltration.[29] Contributing factors are 

thought to include dysregulated inflammatory cytokines, oxidative stress, insulin 

resistance and neuromuscular junction dysfunction. Some of these pathways, as 

well as decreased concentrations of hormones responsible for muscle mass 

maintenance (i.e. insulin-like growth factor 1, testosterone and the steroid 

dehydroepiandrosterone sulphate), have also been hypothesised to contribute 

toward the development of frailty and are elaborated on later in this chapter (see 

section 2.6 Biology of frailty).[30] In comparing sarcopenia and frailty definitions 

according to Fried’s phenotype, on a macrocellular level, low grip strength and 

slow gait speed are characteristic of both frailty and sarcopenia, while low 

physical activity levels and weight loss are physical manifestations of frailty and 

aetiological risk factors for sarcopenia.[31] It is clear sarcopenia and frailty have 

overlapping features and can coexist in patients. Yet frailty does not guarantee 

sarcopenia, as sarcopenia does not guarantee frailty. In its assessment, sarcopenia 

should only be considered part of, but not wholly responsible for, the frailty 

syndrome. The interplay of these constructs is summarised in Figure 2.3.  
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Figure 2.3 - Venn Diagram representing the simultaneous co-existence and independence of 
co-morbidity, disability, sarcopenia and frailty as descriptive entities. Figure is as presented 
in Welsh et al.[1]  
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2.6 Biology of frailty 

Similar to sarcopenia, frailty is thought to develop primarily (as an intrinsic 

process) or secondary to alternate disease processes. Primary frailty describes an 

accelerated ageing process due to intrinsic dysregulation of proposed 

neuromuscular, metabolic, immunomodulatory or inflammatory pathways that 

create organ deficits without necessarily progressing to clinically detectable 

disease.[32, 33] Secondary frailty describes similar pathway dysregulations, but 

these are instigated or perpetuated by the physiological burden imposed by 

alternate diseases and/or their treatment. It is, however, unclear if this 

distinction bears significant relevance when translated to research or clinical 

practice.[34] In considering frailty as an accelerated, or unsuccessful, ageing 

process, several hallmarks of ageing have been defined, including altered 

intercellular communication, mitochondrial dysfunction, genomic instability, 

telomere shortening, epigenetic changes and cellular senescence.[35] 

Underpinning these age-related changes are chronic inflammation, oxidative 

stress and environmental exposures which will be explored further in this section, 

Figure 2.4 
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Figure 2.4 - Schematic representation of frailty pathophysiological mechanisms. Figure is as 
presented in Welsh et al.[1] 

Biological 
Inflammation 
Oxidative stress 
Genetic factors 

Environmental 
Smoking 
Social isolation 
Nutrition 

Cumulative molecular/cellular/tissue damage 

Loss in physical substrate and cumulative deficits driving loss in homeostasis 
(increased risk of…) 

 Brain (cognitive impairment/delirium) 
 Neuroendocrine dysfunction (Hormonal derangement) 
 Renal (chronic kidney disease) 
 Respiratory (airway disease) 
 Skeletal muscle (sarcopenia) 
 Immune system (dysregulated immune pathways) 

FRAILTY 

Stressor 

Loss of function 
Disability 
Failure to rescue 
Increase care requirements 
Morbidity/mortality 

Comorbidities 
Cardiovascular 
disease 
Malignancy 
Chronic 
infection 

Pre-frailty 
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2.6.1 Chronic inflammation (‘Inflammaging’) 

This describes an age related, chronic, sterile increase and dysregulation of 

inflammatory processes, that have been suggested as underlying the frailty 

syndrome. A meta-analysis demonstrated that 21 of 22 relevant published studies 

demonstrated a significant relationship between frailty and (pro-)inflammatory 

biomarkers.[36] Significant and positive correlations have been demonstrated 

between frailty and concentrations of C-reactive protein and interleukin-6. To a 

lesser extent, elevated levels of constituents of clotting pathways (D-dimer, 

Factor 8 and fibrinogen), tumour necrosis factor-alpha and total white blood cells, 

or reduced levels of haemoglobin and haematocrit have also been correlated with 

frailty, even after correcting for factors such as age, sex, smoking status, relevant 

pro-inflammatory co-morbidities and some medications.[37, 38] 

 

2.6.2 Oxidative stress 

It has been observed that patients with frailty and ‘pre-frailty’ demonstrate higher 

levels of oxidative stress and possibly lower antioxidant levels compared to non-

frail counterparts, after adjusting for age and sex[39, 40]. The theory of oxidative 

stress and frailty describes a cumulative burden of reactive oxygen species causing 

gradual cell damage, loss of recovery and regeneration and ultimately apoptosis 

or cellular senescence resulting in progressive decline in tissue and organ 

function.[32, 33] Depending on which tissue or organ is affected, different effects 

are felt. For example, oxidative stress and loss in functional reserve of the brain 

could cause cognitive decline or may affect neuroendocrine function. Frailty-

related hormonal changes have also been demonstrated, including low levels of 

insulin like growth factor-1 and dehydroepiandrosterone sulphate as well as higher 

levels of cortisol. Overall this reduces muscle and bone strength resulting in the 

phenotypic changes typically observed in frailty.[41-43]. Moreover, oxidative 

related stress in age-related diseases such as chronic kidney disease, non-insulin 

dependent diabetes mellitus and cardiovascular disease (CVD) have been 

demonstrated.[44] It is proposed when these effects reach an undefined and 
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varied threshold across multiple organ systems, the person becomes clinically 

frail.  

 

2.6.3 Environmental exposure 

Extrinsic exposures have been proposed as initiators or drivers of frailty. Among a 

multitude of environmental/modifiable risk factors correlated with frailty are 

lower levels of income, social isolation, abnormal (high/low) body mass index, 

poor self-rated health, depressive symptoms, smoking and alcohol use.[45-47] 

Furthermore, dietary deficiencies in vitamin E as an anti-oxidising agent and 

vitamin D as a contributor to maintaining muscle strength have also been linked 

to frailty.[48-50]  
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2.7 Epidemiology of frailty in peripheral vascular disease 

It is currently estimated that 10% of the general population aged 65 years and 

above live with frailty.[51] In vascular surgery, the estimated prevalence is at 

least twice this, with reports between 20 - 60%.[52] However, the prevalence may 

be even higher as the majority of research focuses on peri-operative outcomes 

which might exclude the frailest patients as they may not be considered suitable 

candidates for intervention. The greater prevalence of frailty, and its 

implications, in patients with vascular disease may be particularly pertinant due 

to shared aetiological risk factors and the possibility of synergistic biological 

mechanisms.[53-55] Chronic inflammation, increased levels of oxidative stress and 

shared modifiable risk factors such as smoking and raised BMI have been correlated 

with both cardiovascular disease (CVD) and frailty.[54, 55] Further, CVD has been 

identified as an independent risk factor for frailty.[45]  

 

Beyond vascular surgery, a similarly high estimated prevalence of frailty in stroke 

patients has been described at 24.6%, supporting a proposed biological 

relationship. Frailty in stroke patients is also associated with increased mortality, 

prolonged hospital admission and disability.[56]  

 

It is clear that frailty is also significant in patients presenting on an urgent basis 

to other surgical specialities, as exampled by the Emergency Laparotomy and 

Frailty (ELF) study which demonstrates a 20% prevalence of frailty in patients 

undergoing emergency laparotomy in general surgery.[57]  
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2.7.1 The rise of frailty 

The successful advances in health care are driving a rapid rise in global life 

expectancies. The number of people aged 65 years, or older, is projected to rise 

from 9% to 16% between 2019 and 2050, equating to 1 in every 6 persons in the 

global population. Similarly, the number of people aged over 80 years is set to 

increase three-fold over the same time frame.[58] The demographic changes 

associated with increased ageing is likely to see an associated rise in the 

prevalence of frailty. Further, the incidence of surgical intervention in older 

patients is rising more quickly than the rate at which the population is ageing,[3, 

59] likely due to advances in anaesthetic and surgical techniques which enable 

treatment of patients that traditionally may have been considered unsuitable for 

surgery.[3] Vascular surgery patients represent a comorbid population with a high 

prevalence of frailty.[4] The aforementioned considerations will likely dictate 

vascular surgeons will encounter frailty increasingly commonly. As presented in 

Chapter 2, this patient cohort is vulnerable and present complex multidisciplinary 

and resource-intensive health care needs.[60-63] This has been recognised in 

national guidelines which advocate the importance of identifying frailty in surgical 

patients as an independent predictive risk factor.[4]  
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2.8 Implications of frailty in peripheral vascular disease 

Frailty has been described as “the most problematic expression of population 

ageing”.[33] At the individual level, the diminished resilience to physiological 

insults impairs recovery and complicates return to pre-morbid functional levels, 

Figure 2.5.  

 

 
Figure 2.5 - Example of effects of major limb amputation on robust compared to frail patients. 
Robust patients demonstrate greater rehabilitative potential with capacity to return to a level 
of functional independence. Frail patients demonstrate poorer rehabilitative potential and a 
greater likelihood of long-term functional dependence requiring greater levels of social 
support.  Figure is as presented in Welsh et al.[1] 

 

In vascular surgery, frailty is associated with significantly increased risk of 

morbidity, short- and long-term mortality, prolonged hospital admission, 

discharge with greater social care requirements and functional decline, see Figure 

2.6.[2, 52, 62] These findings have been corroborated in both open vascular 

surgery and endovascular techniques.[2, 64] 

 
  



52 
 

 
Figure 2.6 - Implications of frailty in vascular surgery outcomes.  Figure is as presented in 
Welsh et al.[1] 

 

While there is a paucity of health economic data specific to frailty and vascular 

surgery, undifferentiated economic data demonstrate that, after controlling for 

confounding factors such as age and co-morbidity, frailty significantly increases 

total healthcare costs by between 54% and 290% based on in-patient and 

outpatient treatments as well as pharmaceutical and nursing home care costs.[65, 

66] The cost of the frail elective surgical patient is also substantially higher than 

robust counterparts.[67] As frail patients are more likely to be discharged with 

greater social care requirements, it is important to consider that some estimations 

suggest a 16-fold increase in costs of providing care for dependent patients 

compared to robust individuals.[44] In light of changing population demographics 

and the resulting clinical and economic pressures, maintaining the status quo is 

not an option. Many vascular services are looking at innovative changes to clinical 

pathways that facilitate frailty screening and subsequent person-centred 

management, examples of such clinical service models are summarised in Figure 

2.7.  

FRAILTY IN VASCULAR SURGERY 
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Figure 2.7 - Examples of clinical service model modifications, adapting to meet the needs of 
frail vascular surgery patients in the United Kingdom. Figure is as presented in Welsh et 
al.[1] 

  

Service model 1 
 

Team: Consultant geriatrician, 
Speciality doctor (acute care, 
anaesthetics and intensivist special 
interest), advanced nurse 
practitioners (geriatric and surgical 
interest), clinical fellow, 
occupational therapists and nurse 
discharge coordinator. 
 
Funding:  Initially by unscheduled 
care board as a test of change then 
continued by surgical directorate. 
 
Roles: Daily screening of acute 
surgical admissions. Patients 
identified as frail are enrolled in a 
frailty pathway which encompasses 
a collaborative approach between 
frailty team and the parent 
surgical speciality. The frailty team 
complete comprehensive geriatric 
assessment for perioperative 
optimisation and follow patient 
journey to completion. The team 
also provide a daily ward presence 
and accept referrals daily alongside 
weekly collaborative surgical ward 
round to help with medical care 
and support patient flow. 
 

Ninewells Hospital - NHS Tayside 

Service model 2 
 

Team: Consultant Vascular 
Perioperative 
Physician/Geriatrician 
  
Funding: Vascular surgical 
directorate 
 
Roles: a sentinel role in 
perioperative care of vascular 
patients, from the moment of 
contemplating surgery through to 
post-operative care and discharge 
planning.  Outpatient care involves 
identification of frailty from the 
outset, medical optimisation 
through liaising with other medical 
specialities and anaesthesia and 
prehabilitation of patients 
undergoing surgery.  For patients 
deemed unsuitable for surgery due 
to severe frailty, shared decision-
making clinics with a focus on 
advance care planning and 
symptom control are offered.  
Inpatient care entails 
identification of frailty to aid pre-
optimisation of acute patients 
prior to surgery, post-operative 
medical care and discharge 
planning. 
 

Hull Royal Infirmary – Hull and 
East Yorkshire Hospitals NHS Trust 
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2.9 Assessment of frailty in peripheral vascular disease 

The first step in managing frailty is its identification and quantification. A review 

confirming the prognostic value of frailty in vascular patients identified the use of 

16 different frailty assessment tools.[64] This variety in tools has created 

heterogeneous research data and is born from a lack of standardised definition, 

various theories underpinning the syndrome, and a growing number of approaches 

to its identification. Broadly, frailty assessment tools in vascular patients have 

been categorised into phenotypic, cumulative deficit/FI and novel 

measurements.[64]  

 

In vascular surgery, measures used to assess solely phenotypic traits of frailty 

include grip strength, gait velocity, timed up-and-go test and wearable sensor 

technology to record upper limb flexion/extension.[68-73] An important 

consideration is that the majority of vascular-themed frailty research involves 

revascularisation procedures of patients with peripheral arterial disease.[64] 

Clearly ischaemic rest pain of the limb will impair mobility, which will skew results 

if assessing frailty through phenotypic measurements. However, end stage arterial 

disease is a systemic process with a propensity to produce critical co-morbidities. 

Given the proposed interactions between CVD and frailty, what remains to be 

clarified is if this ‘skew’ in fact represents a true estimation of frailty or a bias in 

its assessment.  

 

In assessing frailty as a cumulative deficit, the original FI incorporated 70-items, 

reflecting the themes included in a comprehensive geriatric assessment 

(CGA).[18] However, this expansive nature was felt overly burdensome for rapid, 

routine clinical application, so several more concise iterations of the FI have since 

been produced. The expected standards of an FI are to include at least 30 

variables that have an association with health status, increase in prevalence with 

age without premature saturation and belong to multiple domains to avoid 

becoming a co-morbidity count.[74] In vascular surgery related research, nine 
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different FIs have been identified. From these, none conform with these 

expectations, as they all have fewer than 30 variables.[64] Despite this they 

demonstrate predictive validity in vascular surgery populations. 

 

Novel markers of frailty include nursing home residency[75], various 

biomarkers[76-78], nutritional[79] and functional assessments[80] and a 

functional status coding on a national database[81, 82]. The use of radiologically-

detected sarcopenia as a marker of frailty has also been investigated, without 

evidence of prognostic value[83].  

 

A standardisation of frailty assessment would benefit research and clinical 

practice through minimising future research data-wastage, improving comparison 

of services, facilitating data-pooling for meta-analysis to improve the strength of 

evidence and enhance translatability of results into clinical practice. 

 

In clinical practice, selecting and applying frailty assessment tools mandates 

considering their intended benefit, the point of the patient care pathway at which 

the assessments is to take place and who is to complete the assessment. In 

considering intended benefits, two are identified: frailty recognition for 

prognostication, and quantifying the individual’s frailty-related domain deficits 

for targeted optimisation. As the prognostic value of several frailty assessment 

tools have been demonstrated, tools that are reproducible between users, quick 

to apply and do not require additional training or equipment will naturally fall in 

to favour in established busy clinical settings. One well-recognised example of 

such a tool is the Clinical Frailty Scale (CFS). This is a 9-point person-assessed tool 

with brief descriptions per point (the greater the value, the greater the frailty) 

can be applied in less than a minute.[18] Incorporating frailty assessment into 

preoperative decision-making may guide clinicians and patients in formulating a 

patient-centred management plan. In an elective setting, frailty assessment may 
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be of particular use when considering the suitability of offering prophylactic 

surgical treatments such as carotid endarterectomy or open abdominal aortic 

aneurysm repair. While in urgent settings, frailty scores may aid decision-making 

around a patients’ suitability for invasive treatment compared to palliative 

measures.  

 

To inform targeted frailty-related optimisation more exhaustive assessments 

should be considered. However, the maximum benefit of such assessments is only 

achieved when involving experienced health care professionals in the correct 

environment, with access to the necessary means to implement and sustain 

relevant changes. Adequate time is also required for a patient to benefit from 

these implementations. The Comprehensive Geriatric Assessment (CGA) is a well-

recognised frailty centric assessment performed with the view to optimise health 

outcomes and quality of life.[84] It can be applied pre- and post-operatively, 

lending itself to elective, urgent and emergency admissions. However, to ensure 

such a resource intensive service is directed appropriately, it may prove valuable 

to identify frail and at-risk vascular patients through the introduction of patient 

frailty-screening. 

 

Incorporating such assessments into a vascular surgery practice mandates 

establishing service models with regular and reliable interdisciplinary contribution 

from relevant services like geriatricians, pharmacists, physiotherapists, 

occupational therapists and secondary care discharge co-ordinators, 

complemented by direct communication with relevant social support services and 

links to community follow-up.  
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2.10 Management of frailty in peripheral vascular disease 

Frailty exists along a spectrum of severity with potential for bi-directional 

transitions, between ageing successfully and vulnerability.[85] At a societal level, 

public health responses to increasing frailty include health promotion, health 

education and improving access to health prevention as therapeutic targets are 

identified. Supporting healthy ageing will drive the biggest benefit to population 

health with direct benefit to increasingly stretched health and social care 

resources. However, even if successful preventative measures are implemented, 

societal demographic changes suggest that frailty will still be prevalent in 

secondary care. It is therefore imperative secondary care pathways are adjusted 

for those vascular surgical patients living with frailty.  

 

Important progress has been made in delineating the management of frail 

patients. The British Geriatrics Society (BGS) has published the ‘Silver Book’, a 

best practice guidance on addressing the care requirements of older people living 

with frailty during the first 72 hours of unscheduled medical and surgical 

admissions.[86] Further, the BGS and the Centre for Perioperative Care (CPOC) 

have co-written and published general guidelines on the Perioperative Care for 

People Living with Frailty.[87] In brief, the guidelines set out a multidisciplinary 

approach across community, primary, secondary and social care to deliver holistic 

care across a multicomponent pathway. This incorporates pre-operative risk 

assessment and optimisation, lifestyle modification, optimised intraoperative 

techniques, appropriate postoperative rehabilitation, pro-active discharge 

planning that incorporates links to relevant community and primary care follow-

up as well as involving patient and carers in decision-making processes. Naturally 

there will be challenges in attempting to overcome the anticipated issues of 

funding, lack of resources and in co-ordinating the synchronisation of such a 

multidisciplinary approach across all components of health and social care. 
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Some societies have produced speciality-specific frailty-related guidelines. As an 

example, the American Society of Colon and Rectal Surgeons’ 11-point document 

advises on the perioperative care of frail adults undergoing colorectal surgery.[88] 

In addition to describing the importance of considering frailty over age in 

designing management plans, some recommendations include providing 

prehabilitative care through a multidisciplinary and multifaceted approach, and 

to offer access to health care providers with geriatric expertise for peri-operative 

care and medical optimisation. More specific to colorectal surgery, it advocates 

the application of established post-operative care (Enhanced Recovery Protocols) 

in a modified fashion, tailored to the frail elderly’s individual care needs. The 

guidelines recognise that traditional outcome metrics in colorectal surgery (e.g., 

length of stay, time to first flatus) may not mirror the patient’s goals of care. In 

the recommendation of aligning a patient’s care goals with realistic medicine, the 

case is made to instead consider functional recovery and patient reported 

outcome measures in addition to traditional post-operative outcomes.  

 

In vascular surgery, the importance of identifying and managing frailty in vascular 

surgical patients has also been recognised in national guidelines which advocate 

patients have access to a CGA to “address issues of frailty...”.[4] However, there 

remains a paucity of large volume trials to produce evidence-based guidelines for 

speciality-specific aspects of this pathway and how best to incorporate this into 

the variety of patient care pathways that exist in vascular surgery. Preliminary 

studies confirm clinical and financial advantages to incorporating CGA in 

perioperative pathways for vascular surgery patients, where applicable. For 

example, a randomised controlled trial (n=209) confirmed clinical and cost-

effectiveness of introducing pre-operative CGA-based pre-habilitation compared 

to standard care for patients undergoing elective arterial reconstruction.[84] This 

benefit was primarily through reductions in length of stay, but also due to 

reductions in intensive care use, postoperative clinical reviews, care packages and 

community rehabilitation referrals. Importantly, a challenge specific to vascular 

surgery is that a considerable proportion of patients present with time-sensitive 

emergent and urgent pathology, precluding meaningful prehabilitation. Yet, the 
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use of frailty assessments to guide post-operative involvement of a geriatric 

service for these patients has also demonstrated similar positive effects, with 

reductions in length of admission and associated improved short-term readmission 

rates.[89] Large multicentre and longer-term follow-up studies are required to 

substantiate this evidence and support clinicians and policy makers in driving 

forward suggested augmentations to clinical practice and service models.  

 

Frailty is significant for patients with end stage arterial disease who are 

considered for non-operative (medical palliation) management. In this setting -

and where relevant- identifying frailty and discussing its prognostic role, may 

enable the alignment of a patient’s care goals with their clinicians’, representing 

an opportunity to use the frailty construct to endorse the delivery of realistic 

medicine.  

 

As different approaches to improving frailty-related services in vascular surgery 

continue to be trialled, it is important to make public both successful and 

unsuccessful designs. This will help delineate a reproducible operational 

framework that delivers a proactive, holistic and multidisciplinary approach to 

identifying and treating vascular patients with frailty. This of course, constitutes 

but one part in the recommended multicomponent approach to managing these 

patients.  
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2.11 Conclusion  

This chapter summarises the theories and biology of frailty and its relationship 

with its assessment and management in patients with peripheral vascular disease. 

Frailty is complex, heterogeneous and multidimensional and the need to approach 

its identification and management in a multidisciplinary fashion has been 

identified as a priority for vascular services.[87] Frailty is gaining increasing 

attention in research, yet despite increasing numbers in frailty studies, the 

translation of results into clinical practice is lagging. Further, there is a lack of 

evidence base to support frailty-centric adaptations to vascular health care policy. 

In a population where frailty is likely to have greater prevalence and implications, 

there are growing concerns around prospective population morbidity, health care 

resources and social care sustainability. A collaborative approach between 

researchers, clinicians and policy makers must be adopted to identify means of 

optimising clinical service models that safeguard equity in health care provision 

for frail vascular surgical patients in a secondary care setting.  

 

Exploring heterogeneity in frailty assessment, and understanding why it exists, 

represents the beginning of translating the academic progress in frailty-research 

into positive changes to clinical practice. This is discussed in Chapter 3. 
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Chapter 3 A systematic review of frailty 
assessment tools used in vascular surgery 
research. 

3.1  Chapter Summary 

Frailty is common in vascular patients and is recognised for its prognostic value. 

In the absence of consensus, a multitude of different instruments exist with the 

purpose of assessing frailty. This chapter presents a two-part systematic review 

of published journal manuscripts and conference abstracts of observational 

studies, trials and quality improvement/audit projects addressing research 

question 1 (what are the methodological approaches to frailty assessment in 

vascular surgery related research). This chapter aims to quantify the variety in 

frailty assessment instruments and describe their content/application.  

 

The first systematic review focuses on the methodological approach to frailty 

assessment for any vascular surgery population. This is followed by a secondary 

systematic review which summarises the available literature for the assessment 

of the psychometric and clinimetric properties of selected frailty assessment 

instruments within a surgical population.  

 

The work, figures and tables presented in this chapter are published in Welsh SA, 

Pearson RC, Hussey K, et al. A systematic review of frailty assessment tools used 

in vascular surgery research. J Vasc Surg. 2023.[90] 

 

The protocol for this study was registered on Open Science Framework 

(https://osf.io/dtyqv) which is included in Appendix 2.  



62 
 

3.2 Background 

3.2.1 Therapeutic benefit to frailty assessment 

On an individual level, the proposed clinical relevance of identifying frailty is two-

fold, prognostication to guide operative decision-making and peri-operative 

optimisation for improved peri-procedural and even longer term 

outcomes.[2] Identifying frailty and appreciating the prognostic significance for 

vascular pathology and the host of treatment options available will better inform 

joint decision-making and may help to align patient expectations with those of 

healthcare professionals. It may also inform discussions when considering non-

operative (medical palliation) management of end stage arterial disease. 

Secondly, frailty represents a transition phase from ageing successfully to 

vulnerability. It is not a unidirectional trajectory as deficits can be reversed with 

a targeted multidomain approach.[22] With this in mind, frailty assessment and 

‘treatment’ may help patients reverse this transition phase and ameliorate 

healthcare outcomes.  

 

On a wider service-level, patients living with frailty have additional resource and 

cost intensive requirements compared to robust counterparts, as summarised 

previously in Chapter 2.[44, 65-68] Considering the rapid demographic changes 

that are occurring on a global scale, it is critical resources are adjusted for this 

increasing demand to ensure equity in healthcare provision. It is therefore vital 

that health care pathways are modified to optimise the care provision for this 

vulnerable and high-demand patient group. The first step in achieving this is to 

improve how we identify frailty.  

 

3.2.2 Challenges in frailty assessment/identification 

The frailty syndrome does not have a gold standard definition, which in turn 

challenges the formulation of an optimum assessment tool/instrument. As 
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discussed in Chapter 2, frailty can be considered a syndrome of increased 

vulnerability to even minor extrinsic stressors due to the accumulation of typically 

age-associated deficits that impairs physiological reserve.[22] This diminished 

resilience to physiological insults, such as surgery, results in impaired recovery 

and can preclude the return to pre-morbid functional levels.  

 

In contradiction to the clear guidance advocating frailty identification, there is a 

comparative lack of guidance describing optimum methodological approaches for 

doing so.[4] This is likely born out of the multifaceted and heterogeneous nature 

of the frailty syndrome, which has generated a multitude of measurable deficits 

to consider and the subsequent development of a variety of instruments.  

 

The difficulties are confounded by the complex interplay between frailty and 

similar constructs such as comorbidity and disability, which challenges the ability 

to isolate and measure each construct discreetly. Albeit some may argue that 

diagnostic tools focusing on separating these entities may not bear comparative 

clinical utility if each construct predicts poor clinical outcomes in surgical 

settings. Over time there has been an accumulation of a multitude of different 

frailty assessment instruments with historical reviews noting between 14 - 16 

different tools used across 23 - 53 studies.[52, 60] Each tool, measuring differing 

aspects of frailty, will predict varying incidences of frailty and hold different 

prognostic value. This introduces uncertainty around the clinical applicability of 

the tools and may discourage their uptake in clinical settings.  

 

As a result, there is currently no consensus on the optimal tool. Further, disparate 

data from heterogeneous assessment techniques complicates data comparison and 

pooling which inherently limits research impact and clinical applicability of 

results.  
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As frailty has gained increasing visibility in the surgical community it is possible 

that there is now greater standardisation in frailty assessment. However, with an 

increasing number of frailty assessment instruments available, it is also possible 

that inconsistency in assessment has increased. Only by demonstrating and 

understanding this heterogeneity in frailty assessment techniques can 

researchers, and clinicians, begin further evidence synthesis which may shed light 

on the optimum approach to assessing frailty in clinical practice. 

 

3.2.3 Objectives 

This chapter presents a systematic review which aims to collate and describe all 

frailty assessment instruments, tools, and surrogate markers used in vascular 

surgery research with the intention of quantifying frailty. Secondary objectives 

were to describe the mode of instrument application, assess the content validity 

of described frailty assessment techniques as well as critically appraising 

psychometric and clinimetric properties of the most commonly used instruments. 

As the prognostic utility of frailty assessment instruments have been reported 

previously[2, 60, 63], repeating these measurements was not felt to be of 

additional academic value. 
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3.3 Methods 1 - Systematic review of frailty assessment 
instruments in vascular surgery 

The review followed best practice in evidence synthesis and is reported using the 

Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 

guidance where appropriate.[91]  

 

3.3.1 Participants 

The following inclusion criterion were applied:  

 Adults (aged ≥ 18 years) diagnosed and/or treated for arterial disease 

normally treated by vascular surgery speciality, including: abdominal aorta, 

aortoiliac segment, mesenteric, femoral, upper/lower limb and carotid 

arteries.  

 Treatment for acute, chronic and acute-on-chronic vascular conditions on 

an emergency, urgent and/or elective basis.  

 Patients with arterial disease managed by open surgical techniques, 

endovascularly or non-operatively were eligible for inclusion.  

Studies investigating frailty in mixed surgical patients were eligible if outcomes 

for vascular surgery patients were reported separately. Disease of the thoracic or 

thoracoabdominal aorta was considered if the proposed treatment did not involve 

aortic root, or aortic arch, repair/replacement to avoid inadvertent inclusion of 

cardiothoracic surgery patients. To ensure consistency in the dataset, vascular 

access patients were excluded as these can be managed by vascular or renal 

transplant specialities. Trauma patients were excluded from this analysis as this 

represents a different patient cohort with different demographics and 

pathophysiological mechanisms.  
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3.3.2 Studies 

Journal manuscripts and published conference abstracts describing observational 

studies, trials and quality improvement/audit projects were included. Non-

human, non-English, case-reports, unpublished studies and non peer-reviewed 

pre-prints were excluded. Separate articles accessing the same study population 

were not collated if the study methodology or research question differed. 

Separate articles describing the same study, or updated results from a previous 

study, were collated in favour of selecting the most comprehensively described 

study. The inclusion of abstracts may be felt to be problematic in some reviews 

due to limited data available for extraction.[92] However, this review does not 

intend to perform a meta-analysis on prognostic implications of frailty – as this 

aspect has been well described[2, 60, 63]-, rather it intends to collate and present 

methods for frailty assessment, and the relevant data was felt likely to be 

sufficiently detailed in published abstracts. This methodology was felt pertinent 

for capturing the full literature in this fast-moving area of research, quantifying 

the described methodological approaches to frailty assessment within vascular 

surgery research in its entirety.  

 

3.3.3 Frailty assessment 

As discussed previously in this chapter, there is no gold standard definition for the 

frailty syndrome and there exists a multitude of measurable frailty-related 

deficits. This review did not enforce a standardised definition of frailty, rather it 

considered authors’ definitions of this construct. This ensured the most 

comprehensive and inclusive review of literature describing the use of any 

instrument, tool, or outcome measure, used  with the described intention of 

quantifying the presence, or severity, of frailty in vascular surgical patients.  
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3.3.4 Sarcopenia as a surrogate marker of frailty 

During the first round of literature review it became apparent that some authors 

were utilising measures of sarcopenia as surrogate markers of frailty. However, 

this was done so inconsistently with other authors exploring measurements of 

sarcopenia and its prognostic utility in the absence of consideration of the frailty 

syndrome. To ensure reproducibility in this reviews methodology, the decision was 

made to exclude any studies exploring sarcopenia done in the context of frailty, 

Figure 3.1. Where a study examined multiple frailty assessment tools/techniques, 

including sarcopenia, this study was included but the sarcopenia measurement 

was not collected during data extraction. 

 

3.3.5 Search strategy  

Embase (OVID), Medline (OVID) and CINAHL (EBSCO) were searched from inception 

to August 2022 using a combination of MeSH terms for frailty and validated search 

syntaxes for relevant vascular diseases and treatments, these are presented in full 

in appendix 1. Systematic/literature reviews and letters of correspondence were 

not included but were manually reference checked for eligible original studies. 

Studies published in both conference abstract and journal article formats were 

collated, in favour of selecting the journal article. All included studies underwent 

manual reference checking. As the amount of extractable data is limited from 

conference abstracts, these results are presented separately and only consider 

the numerical total of frailty assessment instruments. 

 

3.3.6 Study selection 

References were imported and deduplicated in EndNote X9 (Clarivate).[93] 

Following deduplication, I performed a first-pass screen of references to exclude 

clearly irrelevant references. Thereafter, all further aspects of literature review 

(title and abstract screening and full text review) and data extraction were 

performed by myself and another researcher, working independently. 
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Discrepancies were discussed and resolved, agreeing final outcomes. There was 

access to a third researcher for independent advice, but this was not required. 

During title and abstract screening,  references were labelled ‘include’, ‘maybe’ 

and ‘exclude’. Full articles for those not excluded were then retrieved for full 

text review to assess eligibility for inclusion.  

 
3.3.7 Data extraction  

Data extraction was performed using a standardised template on Microsoft Excel 

(version 2304). Basic data extraction included study design, publication details, 

participant demographics and the outcome measures described by included 

studies. These outcome measures include mortality (timeframe as defined by 

authors), morbidity (as classified by authors), length of hospital stay, readmission 

rates, nonhome discharge, limb salvage/amputation free survival, postoperative 

function, patient reported outcome measures and a category of ‘other’ for less 

commonly described outcome measures. These outcome measures were 

formulated during data extraction as they were encountered.  

 

The instruments and methods for assessing frailty were then collected. Data on 

frailty tool description and utilisation included instrument format (expanded 

below), author description of the instrument (defined as ‘present’ or ‘absent’), if 

a frailty cut-off value was described for the selected instrument (if yes, the value 

was collected) and whether the author introduced modifications to the selected 

frailty assessment instrument (defined as ‘yes’ or ‘no’).  

 

The instrument format was categorised into ‘frailty index’, ‘person-assessed’ and 

‘other’. A frailty index is born from the Cumulative Deficit Theory of frailty, as 

described in Chapter 2. A person-assessed tool incorporates frailty assessments 

that mandate an in-person assessment whether that constitutes an objective 

measurement of a physical deficit in accordance with Fried’s definition of frailty 
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(e.g., walking speed) or author-defined variables with the intention of quantifying 

frailty (e.g., Rockwood Clinical Frailty Scale[18, 94]). The category of ‘other’ was 

introduced for frailty assessments that could not be categorised into the 

aforementioned groups. The statistical methods for data analysis were also 

collected and compared.  

 

Lastly, this review collected data on author descriptions of the methodological 

application of their selected frailty assessment techniques. This included: who 

performed the assessment, where in the patient journey the assessment took 

place and whether there was any requirement for additional training to use the 

frailty assessment technique.  

 

Where data were absent and could not be derived, primary authors were not 

contacted. A category of ‘not defined’ was used if necessary. As the prognostic 

value of frailty assessment instruments was not assessed, methodological quality 

assessment of included studies was not indicated. 

 

3.3.8 Assessment of frailty tool content (‘content validity’) 

Frailty instruments were appraised for their content validity by determining if the 

tool assessed deficits across multiple domains. Where the instrument assessed 

deficits across multiple and differing domains, the frailty instrument was accepted 

as assessing the presence of ‘frailty’, confirming content validity. For instruments 

primarily assessing singular, or similar domains, the frailty instrument was instead 

considered a tool that assessed the presence of the preferentially assessed 

domain, therefore lacking content validity. To do this, I critically appraised all 

included frailty assessment instruments, identifying eleven common frailty-

related domains through which frailty may be assessed, these are presented in 

Table 3.1 with definitions. Included articles were referenced checked to identify 
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descriptions of original versions of frailty assessment instruments. Original 

instruments were then evaluated for the number and type of domains each 

instrument assessed. In the instance where an instrument describes assessing one 

domain as part of another (e.g., mobility as part of function), both domains were 

documented as assessed. A summary of the psychometric definition of content 

validity is included in section 3.5 of this chapter.  
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Table 3.1 - The 11 domains included in assessing content validity of frailty assessment 
techniques. Table is as presented in Welsh et al.[90] 

Domain 
category 

Definition 

Mobility Defined according to level of dependence or measurements of 
physical parameters. This included descriptions of mobility as 
‘independent’, ‘requires assistance’ (to any extent), and 
‘dependent’. It also included self-rated scores of perceived 
abilities to mobilise described distances (e.g. Likert scales or 
binary answers). Similarly, it included physical measurements, 
such as gait speed, or measurements of time taken to cover a 
certain distance. Mobility was at times described as being 
assessed as part of function, in this instance, both ‘Mobility’ 
and ‘Function’ domain categories were documented as 
assessed. Where frailty assessment techniques defined 
independently assessing ‘Mobility’, in the absence of 
considering ‘Function’, only Mobility was documented as 
assessed. 

Function This was defined as a measurement of any degree of functional 
(in)dependence according to an (in)ability to perform 
activities of daily living (ADL). The selected ADLs were 
accepted according to the definition set out by the frailty 
assessment tool/technique. Typically, these include 
descriptions of personal/domestic hygiene, shopping, 
managing finances and continence.  

Cognition This included any mode of assessment used to quantify the 
presence, and/or severity, of cognitive impairment. Typically, 
this includes assessment of mild memory loss through to 
advanced dementia as well as the presence/absence of 
delirium. This includes validated techniques (e.g. 4AT), non-
validated/novel techniques and self-assessment 
questionnaires.  

Nutrition This described any anthropometric, biochemical, clinical, or 
dietary measurement used with the described intention of 
measuring the physiological state of an individual which results 
from the relationship between nutritional intake and 
nutritional requirement.   

Mood This was defined as any measurement of an intrinsic emotional 
state, psychological description or feeling, differing from 
assessments of cognition.  

Comorbidity This was defined as any qualitative or quantitative 
measurement of medical disease. This included a description 
of a list of medical disease, scored as absent or present. This 
also incorporated more general assessments, such as 
nonspecific self-assessment scores for perceived health status 
(e.g., ‘Patient description of overall health: Good, Fair or 
Poor’.) 

Medication This was defined as the assessment of the need for medication 
and/or the requirement for multiple medications (the 
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definition for multiple medication/pharmacy varied according 
to different tools).  

Social This definition included any subjective or objective 
quantification of social vulnerability. These include, but are 
not limited to socioeconomic class, residential status (e.g., 
‘residence other than independent living’/’living status’), 
cohabitation status or self-assessment of the extent to which 
the participant feels supported or part of a social network.  

Nature of 
admission 

The presence or absence of ‘emergency hospital’ admission 
being part of the frailty assessment technique. This domain 
was formulated in the absence of being suitably incorporated 
into any other domain. 

Age This domain includes and frailty assessment tool which 
incorporate a description of age either dichotomously or 
categorically.  

Laboratory This domain includes the use of any serum marker (primarily 
biochemical but also haematological) as a surrogate marker for 
frailty. Unless specifically described by the authors, the 
assessment of different biomarkers was considered 
independently from other domains. For example, serum 
albumin is incorporated in some assessments of nutritional 
status. However, if albumin was described as being 
independently assessed, as a surrogate marker of frailty 
without referencing nutrition in the authors definition of 
frailty, only the ‘Laboratory’ domain was marked as assessed. 
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3.4 Results 1 – systematic review of frailty assessment 
instruments in vascular surgery 

A total of 5358 references were identified, from which 1244 underwent abstract 

screening. There were 110 original studies and 44 published abstracts eligible for 

inclusion. One additional original study published in journal article form was 

identified on manual reference checking, Figure 3.1. Table 3.2 presents a 

complete list of included studies (n = 111) summarising the author, year of 

publication, study design, if the study only included patients managed operatively 

(‘intervened on’), number of participants, as well as the number and type of 

frailty instruments used.  
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Figure 3.1 - PRISMA diagram for the selection of articles assessing frailty in vascular 
disease. Figure is as presented in Welsh et al.[90]  
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Table 3.2 - Characteristics of included studies. Full list of included studies assessing frailty in vascular surgery with results published in journal article format.  
Table is as presented in Welsh et al.[90] 

Study 
ID 

Author Year 
Study 
Design 

Country Data Source 

Included 
only 
intervened 
on 

Age 
cut-off 
(years) 

n Frailty 
prevalence 
(%) 

No. 
frailty 
tools 
used 

Frailty instrument(s) 
Total Frail 

1 Aitken[95] 2021 Cohort, R Australia Government 
maintained APDC 

Y 75 9752 ND - 1 Hospital Frailty Risk Score 

2 Aitken[96] 2022 Cohort, P Australia Prospectively collected 
data/institutional 
database 

Y 18 917 203 22 1 Clinical Frailty Scale (9 point) 

3 Al Shakarchi 
[97] 

2019 Cohort, R England NVR Y ND 184 26 14 1 Clinical Frailty Scale (9 point) 

4 Al-Damluji 
[98] 

2022 Cohort, R USA VQI Y ND 85517 ND - 2 5-item modified frailty index (mFI-5) 
VQI-derived Risk Analysis Index (VQI-RAI) 

5 Ali[99] 2018 Cohort, R USA ACS-NSQIP Y 16 4704 ND - 1 11-item modified frailty index (mFI-11) 

6 Ambler 
[100] 

2020 Cohort, R England Institutional database N 65 410 ND - 2 Addenbrookes Vascular Frailty Score 
Modified Addenbrookes Vascular Frailty 
Score 

7 Ambler 
[101] 

2015 Cohort, R England Institutional database N 65 410 ND - 1 Addenbrookes Vascular Frailty Score 

8 Andersen 
[102] 

2020 Cohort, R USA VQI Y 18 2040 ND - 1 5-item modified frailty index (mFI-5) 

9 Araujo-
Andrade 
[103] 

2020 Cohort, R Portugal Institutional database Y ND 184 45 24 1 5-item modified frailty index (mFI-5) 

10 Arya[104] 2015 Cohort, R USA ACS-NSQIP Y 16 23027 ND - 1 11-item modified frailty index (mFI-11) 

11 Arya[105] 2016 Cohort, R USA ACS-NSQIP Y ND 15843 ND - 1 11-item modified frailty index (mFI-11) 

12 Ayyash [106] 2022 Cohort, P England Prospectively collected 
data 

Y 60 97 ND - 2 Clinical Frailty Scale (9 point) 
Edmonton Frail Scale (EFS) 

13 Bailey [107] 2022 Cohort, R Wales NHS database Y ND 127 ND - 1 Initial Clinical Evaluation (ICE) 

14 Banning 
[108] 

2021 Cohort, P NL Prospectively collected 
data 

Y ND 639 183 29 1 Groningen Frailty Index 
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15 Banning 
[109] 

2020 Cohort, P NL Prospectively collected 
data/institutional 
database 

Y 65 310 129 42 1 Groningen Frailty Index 

16 Barbey [110] 2019 Cohort, R USA VQI Y ND 20750 ND - 1 11-item modified frailty index (mFI-11) 

17 Beffa[75] 2015 Cohort, R USA Medicare and Medicaid 
Services Medicare 
Provider Analysis and 
Review Health 
insurance claims 
(MedPAR) linked to 
nursing home datasets 

Y 67 213 213 100 1 Nursing home resident as surrogate 
marker of frailty 

18 Boyd[111] 2022 Cohort, R USA VASQIP Y None 22960 ND - 1 Risk Analysis Index-A (RAI-A) 

19 Braet[112] 2020 Cohort, R USA ACS-NSQIP Y 18 11530 ND - 1 5-item modified frailty index (mFI-5) 

20 Brahmbhatt 
[113] 

2016 Cohort, R USA ACS-NSQIP Y 16 24611 14738 60 1 11-item modified frailty index (mFI-11) 

21 Brown [114] 2022 Cohort, P England Prospectively collected 
data 

N ND 84 16 19 1 Clinical Frailty Scale (7 point) 

22 Butala [115] 2021 Cohort, R USA Medicare and Medicaid 
Services Medicare 
Provider Analysis and  
Review Health 
insurance claims 
(MedPAR) 

Y 66 85060 35484 42 1 Claims-based Frailty Indicator (CFI) 

23 Callahan 
[116] 

2021 Cohort, R USA Institutional database Y 65 269 61 23 1 electronic Frailty Index (eFI) 

24 Chopra 
[117] 

2018 Cohort, R USA Institutional database Y ND 206 ND - 1 11-item modified frailty index (mFI-11) 

25 Ciaramella[1
18] 

2021 Cohort, R USA Institutional database Y ND 60 21 35 1 11-item modified frailty index (mFI-11) 

26 Cotton [119] 2022 Cohort, R USA Institutional database Y 18 298 ND - 2 11-item modified frailty index (mFI-11) 
Risk Analysis Index (RAI-A) 

27 D'Cruz [120] 2020 Cohort, R Singapore Institutional database Y ND 211 ND - 1 11-item modified frailty index (mFI-11) 

28 DeAngelo 
[121] 

2021 Cohort, P USA Prospectively collected 
data 

Y 18 126 55 44 2 13-item Vulnerable Elders Survey (VES-13) 
Clinical Frailty Scale (7 point) 

29 Dittman 
[122] 

2022 Cohort, R USA ACS-NSQIP Y ND 8155 ND - 1 Revised Risk Analysis Index (RAI-Rev) 

30 Donald [123] 2018 Cohort, R USA Institutional database Y ND 134 39 29 1 Clinical Frailty Scale (9 point) 

31 Drudi[124] 2019 Cohort, P Canada Prospectively collected 
data/institutional 
database 

y ND 148 ND - 6 Edmonton Frail Scale (EFS) 
Groningen Frailty Index (GFI) 
11-item modified frailty index (mFI-11) 
Risk Analysis Index (RAI-C) 
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Modified Essential Frailty Toolset (mEFT) 
Multidimensional Prognostic Index (MPI) 

32 Edman [125] 2022 Cohort, R USA Institutional database N ND 578 ND - 2 5-item modified frailty index (mFI-5) 
Authors own 

33 Ehlert [126] 2016 Cohort, R USA ACS-NSQIP Y 18 72106 ND - 1 11-item modified frailty index (mFI-11) 

34 Eslami [127] 2019 Cohort, R USA ACS-NSQIP Y 18 12677 ND - 1 11-item modified frailty index (mFI-11) 

35 Faateh [81] 2021 Cohort, R USA VQI Y ND 7836 ND - 2 5-item modified frailty index (mFI-5) 
Functional status database code 
(“Good/poor”) 

36 Fang[128] 2017 Cohort, R USA Institutional database Y 18 379 ND - 1 5-item modified frailty index (mFI-5) 

37 George(a) 
[129] 

2020 Cohort, R USA VQI Y ND 11647 4034 35 2 VQI-derived Risk Analysis Index (VQI-RAI) 
Initial Clinical Evaluation (ICE) 

38 George(b)[1
30] 

2020 Cohort, R USA VQI Y 18 15803 2010 13 1 VQI-derived Risk Analysis Index (VQI-RAI) 

39 George 
[131] 

2021 Cohort, R USA ACS-NSQIP/VASQIP Y 18 217215 ND - 1 Risk Analysis Index 

40 Gilbertson[1
32] 

2021 Cohort, R USA Institutional database 
linked to SVS-PSO VQI  

Y ND 163 44 27 1 Clinical Frailty Scale (9 point) 

41 Gonzalez 
[76] 

2019 Cohort, R USA Institutional database Y ND 431 ND - 2 11-item modified frailty index (mFI-11) 
Biomarkers 

42 Gouda [133] 2022 Cohort, R Italy Multiple linked 
provincial databases 
(Alberta) 

Y ND 7861 ND - 1 Hospital Frailty Risk Score 

43 Gray[134] 2020 Cohort, R England HES database for 
England 

Y 18 98109 ND - 1 Hospital Frailty Risk Score 

44 Harris [135] 2017 Cohort, R USA ACS-NSQIP Y ND 13432 389 3 1 Functional status per NSQIP 
("dependent/independent") 

45 Harris[82] 2020 Cohort, R USA ACS-NSQIP Y ND 1784 ND - 1 Authors own 

46 Holeman 
[136] 

2020 Cross-
sectional, 
P 

USA Prospectively collected 
data 

n ND 118 ND - 3 Clinical Frailty Scale (9 point) 
Frail Non-Disabled Questionnaire (FiND) 
Patient-reported outcome measurement 
information system (PROMIS): a) Physical 
Function (v1.2), b) Satisfaction with 
Social Activities (v2.0) and c) Depression 
(v1.0) 

47 Houghton 
[77] 

2019 Case-
control, P 

England Prospectively collected 
data 

Y 18 n/a ND - 3 Clinical Frailty Scale (9 point) 
Edmonton Frail Scale (EFS) 
Biomarkers 
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48 Houghton 
[137] 

2021 Cohort, R England Institutional database N 50 198 98 49 1 Clinical Frailty Scale (9 point) 

49 Hui[138] 2019 Cohort, R USA Multiple linked 
provincial databases 
(Ontario) 

Y 65 17047 7979 47 1 preoperative Frailty Index 

50 Iida[68] 2017 Cohort, P Japan Prospectively collected 
data (PRIORITY 
database) 

N 20 625 ND - 2 5-m gait velocity 
Grip strength 

51 Ishihara 
[139] 

2019 Cohort, R Japan Institutional database Y ND 71 23 32 1 Cardiovascular Health Study (CHS) Index 

52 Itagaki [140] 2021 Cohort, P Japan I-PAD registry (regional 
register) 

Y ND 320 82 26 1 Clinical Frailty Scale (9 point) 

53 Karam [141] 2013 Cohort, R USA ACS-NSQIP Y ND 67308 ND - 1 11-item modified frailty index (mFI-11) 

54 Karim [142] 2022 Cohort, R USA NIS N 18 1414080 332855 24 1 Authors own (CLTI-frailty risk score (CLTI-
FRS)) 

55 Kazaure 
[143] 

2021 Case-
control, R 

USA ACS-NSQIP Y 65 165 ND - 1 5-item modified frailty index (mFI-5) 

56 Khan[144] 2022 Cohort, R USA VQI Y ND 17983 4524 25 1 5-item Modified Frailty index (5-mFI) 

57 Kim[145] 2021 Cohort, R USA NIS Y 18 301869 7729 3 1 Johns Hopkins Adjusted Clinical Groups 
(ACG) frailty indicators 

58 Kodama [80] 2018 Cohort, R Japan Institutional database Y ND 109 ND - 1 Barthel Index 

59 Kraiss [146]  2022 Cohort, R USA VQI Y ND 265632 ND - 1 Authors own (simple VQI-Frailty Score 
(sVQI-FS)) 

60 Li[79] 2021 Cohort, R USA Institutional database Y ND 255 137 54 1 Geriatric Nutritional Risk Index (GNRI) 

61 Man[147] 2021 Cohort, R USA ACS-NSQIP Y ND 15839 ND - 1 Risk Analysis Index (RAI-A) 
62 Mandelbaum 

[148] 
2021 Cohort, R USA NIS Y 18 1,426,343 59,158 4 1 Johns Hopkins Adjusted Clinical Groups 

(ACG) frailty indicators 
63 McIsaac 

[149] 
2017 Cohort, R Canada Multiple linked 

provincial databases 
(Ontario) 

Y 18 4984 ND - 1 Johns Hopkins Adjusted Clinical Groups 
(ACG) frailty indicators 

64 McRae [150] 2016 Cohort, P Australia Prospectively collected 
data 

N 65 110 43 39 1 Authors own 

65 Melin[151] 2015 Cohort, R USA ACS-NSQIP Y ND 44832 ND - 1 Revised Risk Analysis Index (RAI-Rev) 

66 Mirabelli 
[152] 

2018 Cohort, P USA Prospectively collected 
data 

N ND 159 ND - 3 Frail Non Disabled Questionnaire (FiND) 
Clinical Frailty Scale (9 point) 
Friend Frailty Index 

67 Modrall 
[153] 

2022 Cohort, R USA ACS-NSQIP Y ND 2454 ND - 1 5-item modified frailty index (mFI-5) 
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68 Morisaki 
[154] 

2017 Cohort, R Japan Institutional database Y ND 266 92 35 2 Critical Limb Ischaemia Frailty (CLI 
Frailty) 
11-item modified frailty index (mFI-11) 

69 Morisaki 
[155] 

2019 Cohort, R Japan Institutional database Y ND 127 ND - 2 Critical Limb Ischaemia Frailty (CLI 
Frailty) 
Modified Critical Limb Ischaemia Fraitly 
(Modified CLI Frailty) 

70 Morisaki 
[156] 

2020 Cohort, R Japan Institutional database Y ND 316 30 9 2 Critical Limb Ischaemia Frailty (Modified 
CLI Frailty) 
11-item modified frailty index 

71 Najafi[69] 2020 Cohort, P USA Prospectively collected 
data 

Y ND 152 41 27 1 Wearable sensor technology (UL - Najafi) 

72 Nishikawa 
[157] 

2021 Cohort, P Japan I-PAD registry (regional 
register)/prospectively 
collected data 

Y None 352 92 26 1 Clinical Frailty Scale (9 point) 

73 Nobrega 
[158] 

2022 Cohort, P Portugal Vascular 
registry/prospectively 
collected data 

Y ND 109 36 33 1 5-item modified frailty index (mFI-5) 

74 O'Neill [159] 2016 Cohort, R England Institutional database Y None 392 120 31 1 Initial Clinical Evaluation (ICE) 

75 Otsuji [160] 2022 Cohort, R Japan Institutional database Y ND 200 ND - 1 Clinical Frailty Scale (9 point) 

76 Paajanen 
[161] 

2022 Cohort, R USA Institutional database Y ND 592 ND - 1 11-item modified frailty index (mFI-11) 

77 Pandit(a) 
[162] 

2020 Cohort, R USA ACS-NSQIP Y ND 37875 10340 27 1 11-item modified frailty index (mFI-11) 

78 Pandit(b) 
[163] 

2020 Cohort, R USA ACS-NSQIP Y 18 36000 ND - 2 11-item modified frailty index (mFI-11) 
5-item modified frailty index (mFI-5) 

79 Pandit [164] 2021 Cohort, R USA ACS-NSQIP Y 65 8681 ND - 2 11-item modified frailty index (mFI-11) 
5-item modified frailty index (mFI-5) 

80 Pandit(c) 
[165] 

2020 Cohort, R USA ACS-NSQIP Y 65 4218 1223 29 1 11-item modified frailty index (mFI-11) 

81 Partridge 
[166] 

2014 Cohort, P England Prospectively collected 
data 

Y 60 114 ND - 1 Edmonton Frail Scale (EFS) 

82 Partridge 
[70] 

2015 Cohort, P England Prospectively collected 
data 

Y 60 125 65 52 4 Edmonton Frail Scale (EFS) 
Grip Strength 
Gait Velocity 
Timed up and go 

83 Pol[167] 2011 Cohort, P NL Prospectively collected 
data/institutional 
database 

Y None 142 50 35 1 Groningen Frailty Index 

84 Reeve [168] 2018 Cross-
sectional, 
P 

USA Prospectively collected 
data 

ND None 311 86 28 1 Grip strength 
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85 Reijnen 
[169] 

2021 Cohort, R NL Institutional database Y none 429 ND - 1 5-item modified frailty index (mFI-5) 

86 Reitz[170] 2021 Cohort, R USA VASQIP/ACS-NSQIP Y None 279115 ND - 1 Risk Analysis Index 

87 Rothenberg(
a) [171] 

2020 Cohort, R USA VQI Y None 42869 9993 23 1 Revised Risk Analysis Index (RAI-Rev) 

88 Rothenberg(
b) [172] 

2020 Cohort, R USA ACS-NSQIP Y none 139569 27015 19 3 Revised Risk Analysis Index (RAI-Rev) 
Risk Analysis Index-Procedure (RAI-P) 
Risk Analysis Index-Procedure Complexity 
(RAI-PC) 

89 Ruangsetaki
t [173] 

2022 Cohort, R Thailand Institutional database Y ND 266 40 15 1 Critical Limb Ischaemia Frailty (CLI 
Frailty) 

90 Ruske [174] 2021 Cross-
sectional, 
P 

USA Prospectively collected 
data 

Y 18 100 ND - 1 Frail/Nondisabled questionnaire (FiND) 

91 Saadeddin[1
75] 

2020 Cohort, R USA ACS-NSQIP Y 18 2612 ND - 2 5-item modified frailty index (mFI-5) 
Authors own 

92 Sanchez-
Garcia [71] 

2021 Cohort, R Spain Institutional database N 60 144 9 6 1 Authors own (Preoperative geriatric 
assessment by geriatrician) 

93 Sareh [176] 2020 Cohort, R USA Nationwide 
Readmission Database 

Y ND 302798 45939 15 1 Johns Hopkins Adjusted Clinical Groups 
(ACG) frailty indicators 

94 Sarkar [177] 2021 Cohort, R USA Institutional database Y 18 53 46 87 1 11-item modified frailty index (mFI-11) 

95 Schaller 
[178] 

2018 Cohort, R USA ACS-NSQIP N 50 129 ND - 1 11-item modified frailty index (mFI-11) 

96 Schweitzer 
[179] 

2022 Cohort, R USA ACS-NSQIP Y ND 30921 ND - 1 5-item modified frailty index (mFI-5) 

97 Sibona [180] 2022 Cohort, R USA Institutional database N ND 145 ND - 1 Clinical frailty scale (9 point) 

98 Soon[181] 2022 Cohort, R Singapore Institutional database 
matched ACS-NSQIP 

Y ND 233 ND - 1 11-item modified frailty index (mFI-11) 

99 Spence [78] 2020 Cohort, P England Prospectively collected 
data 

ND ND 33 ND - 2 Edmonton Frail Scale (EFS) 
Biomarker 

100 Sridharan 
[182] 

2018 Cohort, R USA Institutional database Y ND 1782 ND - 1 Authors own 

101 Srinivasan 
[183] 

2016 Cohort, R England Institutional database Y 65 184 ND - 2 Addenbrookes Vascular Frailty Score 
(AVFS) 
Authors own 

102 Szabó [184] 2021 Cross-
sectional, 
P 

Hungary Prospectively collected 
data 

Y 18 164 ND - 1 Authors own 

103 Takeji [185] 2018 Cohort, P Japan Prospectively collected 
data/institutional 
database 

Y ND 643 ND - 1 Clinical Frailty Scale (9 point) 
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104 Thillainades
an [186] 

2021 Cohort, P Australia Prospectively collected 
data/institutional 
database 

N 65 150 ND - 2 Clinical Frailty Scale (9 point) 
Authors own 

105 Toosizadeh 
[72] 

2016 Case-
control, P 

USA Prospectively 
Collected data  

N 60 17 0 0 2 Fried Frailty index 
Wearable Sensor Technology 

106 Tse [187] 2022 Cohort, R USA VASQIP Y ND 5568 ND - 1 Risk Analysis Index (RAI-A) 

107 Tse[188] 2020 Cohort, R USA Institutional database  Y None 134 44 33 1 Risk analysis Index-A (RAI-A) 

108 Velanovich 
[189] 

2013 Cohort, R USA ACS-NSQIP Y ND 117121 ND - 1 11-item modified frailty index (mFI-11) 

109 Wahl[190] 2017 Cohort, R USA VASQIP Y ND 42801 ND - 1 11-item modified frailty index (mFI-11) 

110 Wang[191] 2021 Cohort, 
Both 

China Institutional database  Y 60 749 134 18 1 11-item modified frailty index (mFI-11) 

111 Yanquez 
[73] 

2020 Cohort, P USA Prospectively collected 
data 

Y 50 37 7 19 1 Wearable sensor technology (upper limb) 

Summary table of included articles. R – retrospective. P – prospective. APDC – Admitted Patients Data Collection. NVR - National Vascular Registry. VQI - Vascular Quality Initiative. ACS-NSQIP - 
American College of Surgeons National Surgical Quality Improvement Program. NHS – National Health Service. VASQIP - Veterans affairs Surgical Quality Improvement Programme. SVS-PSO VQI - Society 
of Vascular Surgery Patient Safety Organization Vascular Quality Initiative. HES – Hospital Episode Statistics. NIS - National Inpatient Sample. y – Yes. n – No. ND – Not described. 
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3.4.1 Study characteristics 

This systematic review includes an aggregate population of 5,418,236 patients. Of 

111 eligible studies, 49 reported the prevalence of frailty with a mean prevalence 

of 29% (range 0 - 100%).[69-73, 75, 79, 96, 97, 103, 108, 109, 113-116, 118, 121, 

123, 129, 130, 132, 135, 137-140, 142, 144, 145, 148, 150, 154, 156-159, 162, 165, 

167, 168, 171-173, 176, 177, 188, 191] The majority of included studies were 

retrospective (n=82, 73.9%) or prospective cohort (n=21, 18.9%) design. One 

author performed a retrospective study that ran onto a prospective format. 

Additionally, there were four cross-sectional (3.6%), two case-control studies 

(1.8%) and one published study protocol (0.9%). From 111 studies published as 

journal articles most were from the United States of America (n = 68, 61%) and 

the United Kingdom (n = 14, 13%). Studies primarily reported on elective 

admissions (n = 51, 46%) and the most common outcome measures were mortality 

(n = 96, 86%) and morbidity (n = 75, 68%). The most common vascular procedures 

performed were lower limb revascularisation (n = 81, 73%) and abdominal aortic 

aneurysm repair (n = 73, 66%), Table 3.3. 
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Table 3.3 - Study outcome measures and vascular interventions for included studies 
published as journal articles. Table is as presented in Welsh et al.[90] 

Country of research origin (n = 111) N (%) 
 

USA 68 (61) 

 UK 14 (13) 

 Japan 10 (9) 

 EU countries (The Netherlands, Portugal, Hungary, Italy, Spain) 9 (8) 

 Australia 4 (4) 

 Canada 2 (2) 

 Singapore 2 (2) 

 China 1 (1) 

 Thailand 1 (1) 

Mode of presentation (n = 111)  

 Elective 51 (46) 

 Not specified  35 (32) 

 Both  21 (19) 
 

Emergency 4 (4) 

Study outcome measures (n = 111)  

 Mortality 96 (86) 

 Morbidity (including all medical/surgical complications and re-intervention) 75 (68) 

 Length of stay 36 (32) 

 Readmission 30 (27) 

 Nonhome discharge 22 (20) 

 Limb salvage/Amputation Free Survival 17 (15) 

 Postoperative function (functional status/ability to perform activities of daily 
living/care requirement on discharge/gait speed) 

10 (9) 

 Patient Reported Outcome Measure  4 (4) 

 Other 14 (13) 

Vascular interventions (n = 111)  

 Lower limb bypass graft 43 (39) 

 Endovascular aneurysm repair (including fenestrated and branched endografts) 42 (38) 

 Lower limb angioplasty +/- stenting 38 (34) 

 Open repair of abdominal aortic aneurysm 31 (28) 

 Carotid endarterectomy  23 (21) 

 Lower limb amputation 20 (18) 

 Aortoiliac segment 19 (17) 

 Thoracic endovascular aortic repair 12 (11) 

 Carotid artery stent 10 (9) 

 Open thoracoabdominal aortic repair 9 (8) 

 Mesenteric revascularisation 6 (5) 

 Vascular access procedures 6 (5) 

 Thrombo-embolectomy 5 (5) 

 Other (pseudoaneurysm repair, carotid-subclavian bypass, arteriovenous fistula repair) 4 (4) 

 Unspecified vascular procedures 16 (14) 

*Other - (Ambulatory status (n=3), comparing prognostic value of frailty assessment tools (n = 2), cost of 
care (n=2), frailty state transition (n = 2), palliative care referral (n = 1), patient comprehension during 
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consent process (n=1), correlation between age and frailty (n=1), correlation between race/ethnicity 
and frailty (n=1), interuser variability of frailty assessment tool (n = 1) 
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3.4.2 Frailty assessment techniques 

Table 3.4 presents a complete list of the assessment instruments/tools and 

techniques for assessing frailty in vascular surgery identified by this review. Across 

111 studies, there were 42 different assessment tools or methods used to assess 

frailty, with a total of 147 frailty assessments performed. 85 studies assessed 

frailty using one tool[69, 71, 73, 75, 79, 80, 82, 95-97, 99, 101-105, 107-118, 120, 

122, 123, 126-128, 130-135, 137-151, 153, 157-163, 166-171, 173, 174, 176-182, 

184, 185, 187-191], 20 studies used two tools[68, 72, 76, 78, 81, 98, 100, 106, 

119, 121, 125, 130, 154-156, 163, 164, 175, 183, 186], four studies used three 

tools[77, 136, 152, 172], one study used four tools[70] and one used six tools[124]. 

There were 11 (26%) bespoke tools, designed by the study author for the purpose 

of their study, these are included in Table 3.4 as ‘Authors own’.[71, 125, 135, 

141, 146, 150, 175, 182-184, 186] The distribution of person-assessed tools (n = 

20) and frailty indexes (n = 19) were similar. Each assessment is presented in order 

of popularity (‘number of assessments’) along with a representation of the tool 

format, content validity and the domains assessed by (original versions) of each 

tool.  
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Table 3.4 - Frailty assessment (instruments) used in 111 included studies. Table is as presented in Welsh et al.[90] 

Frailty tool 

Assessment 
No.  
(Total 147) 

Instrument 
format Content validity Mobility 

Function 
(dependence) 
+ ability to 
complete 
ADLs Cognition Nutrition Mood Comorbidity Medication Social 

Nature of 
admission Age  Laboratory 

11-item Modified Frailty Index 
 (mFI-11) 27 FI Frailty  ● ●   ●      

Risk Analysis Index (RAI - combined) 17 FI Frailty ● ● ● ●  ●  ●  ●  

5-item Modified Frailty Index (mFI-5) 16 FI Frailty  ●    ●      

Clinical Frailty Scale (9 point) 15 PA Frailty  ● ●   ●      

Edmonton Frail Scale (EFS) 6 FI Frailty  ● ●    ●     
Critical Limb Ischaemia Frailty 
(CLI Frailty) 5 FI Frailty 

●   ●        

Addenbrookes Vascular Frailty Score 4 FI Frailty ● ●   ●  ●  ●  ● 

Groningen Frailty Index 4 FI Frailty ● ● ● ● ●  ● ●    

Johns Hopkins Adjusted Clinical 
Group System (JHACGS) 4 PA Unclear 

- - - - - - - - - - - 

Biomarkers 3 Other No tool           ● 

Frail Non Disabled Questionnaire 
(FiND) 3 PA Frailty ●   ● ●       

Hospital Frailty Risk Score 3 FI Frailty ● ● ● ● ● ●  ●    
Initial Clinical Evaluation (ICE) 3 PA Unclear - - - - - - - - - - - 

Wearable sensor technology 3 PA Strength  ●          
Grip strength 3 PA Strength  ●          
Clinical Frailty Scale (7 point) 2 PA Frailty  ●    ●      
Fried Frailty Index 2 PA Frailty ●   ● ●       
Functional status (per database 
coding) 2 Other No tool 

 ●          

Gait velocity measurements 2 PA Function ●           
13-item Vulnerable Elders Survey 
(VES-13) 1 PA Frailty ● ●        ●  

Barthel Index 1 PA Function ● ●          
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Cardiovascular Health Study (CHS) 
Index 1 PA Frailty 

● ●  ●        

Claims-based Frailty Indicator (CFI) 1 FI Frailty ● ● ●  ● ●    ●  

electronic Frailty Index (eFI) 1 FI Frailty ● ● ● ● ● ● ●    ● 

Geriatric Nutritional Risk Index (GNRI) 1 PA Nutrition    ●        

modified Essential Frailty Toolset 
(mEFT) 1 PA Frailty 

●  ●        ● 

Multidimensional Prognostic Index 
(MPI) 1 PA Frailty 

 ●  ● ● ● ● ●    

Nursing home resident 1 Other No tool - - - - - - - - - - - 

Patient-reported outcome 
measurement information system 
(PROMIS): a) Physical Function (v1.2), 
b) Satisfaction with Social Activities 
(v2.0) and c) Depression (v1.0) 1 PA 

Function/Quality 
of Life 

 ●   ●       

preoperative Frailty Index 1 FI Frailty ● ● ● ●  ● ● ●    

Timed up and go test 1 PA Function ● ●          

Authors own: Edman[44] 1 FI Frailty ● ● ● ●       ● 

Authors own: Harris[57] 1 FI Frailty  ●    ●      

Authors own: Karim[66] 1 FI Frailty    ●  ●     ● 

Authors own: Kraiss[71] 1 FI Frailty ●   ●  ●  ●   ● 

Authors own: McRae[76] 1 PA Frailty  ● ● ●        

Authors own: Saadeddin[103] 1 FI Frailty    ●  ● ●   ● ● 

Authors own: Sanchez-Garcia[104] 1 PA Frailty ●  ●   ●      

Authors own: Sridharan[112] 1 FI Comorbidity      ●      
Authors own: Srinivasan[113] 1 FI Frailty  ●    ● ●    ● 
Authors own: Szabó[114] 1 PA Frailty   ● ● ● ● ●     
Authors own: Thillainadesan[116] 1 FI Frailty ● ● ●  ● ●  ●    
Tabular summary of 42 frailty assessment tools, summarising frequency of use, tool type, frailty assessment tool outcome measures and the frailty domains which were assessed. ● Indicates this domain was assessed. – Indicates 
the frailty tool domains could not be assessed either due to the frailty assessment relying on the subjective opinion of the assessors impression of overall frailty (Initial Clinical Evaluation), lack of description on domain assessment 
(Johns Hopkins Adjusted Clinical Group System) or using nursing home residency as a surrogate marker of frailty without assessing domain deficits. Blank fields represent domains that were not assessed. Multiple versions of the 
Risk Analysis Index (RAI) were used across studies, and it was not always possible to identify which RAI was employed (see Appendix 5 for complete list). To simplify presentation, these assessment tools 
have been collated and presented as ‘RAI-combined’. FI – Frailty Index, PA – Person assessed 
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3.4.3 Frailty instrument domain assessment  

Domains assessed by frailty assessment techniques could be determined in 39 

(93%) of 42 frailty assessment techniques. The three (7%) frailty assessment 

techniques where the domains assessed could not be determined, were: the 

‘Initial Clinical Evaluation’ (ICE)[107, 129, 159], the Johns Hopkins Adjusted 

Clinical Group System’ (JHACGS)[148, 149, 176] and the use of nursing home 

residency[75] as a surrogate marker. ICE could not be assessed as it relies on an 

undefined subjective assessment performed by a clinician during patient 

assessment. JHACGS bases its assessment on the Fried phenotypic definition of 

frailty, describing an assessment that measures the presence or absence of 

unintentional weight loss, exhaustion, low energy expenditure, low grip strength, 

and/or slowed walking speed. However, it was not possible to access the 

technique or variables used to measure these outcomes and so the exact domains 

assessed could not be confirmed. Similarly, nursing home residency may imply 

frailty but the justification for this (e.g., physical frailty, cognitive frailty, 

comorbidity) is incompletely described and so this was also excluded. 

 

The eleven frailty-domains weighted by the frequency of assessment according to 

the number of times each frailty assessment technique is used, are presented in 

Figure 3.2. Function was most commonly assessed (23%), followed by comorbidity 

(20%) and cognition (16%).   
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Figure 3.2 - Summary of weighted frequency of the 11 domains assessed by frailty 
assessment tools. Figure is as presented in Welsh et al.[90] 
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3.4.4 Frailty instrument content validity 

Content validity was assessed for 37 (88%) of 42 frailty assessment techniques, 

Table 3.4. There were two (5%) frailty assessment techniques where content 

validity could not be assessed, including: ICE[107, 129, 159] and JHACGS[148, 149, 

176] as the domains could not be determined, as discussed earlier in this chapter. 

The content validity for these tools have been labelled as ‘unclear’ in Table 3.4. 

Further, three frailty assessment techniques did not assess domains, rather, 

measured a single variable described as a surrogate marker of frailty. These are 

therefore not included in further analysis of content validity and are labelled as 

‘no tool’ in Table 3.4. These variables include: biomarkers[76-78], functional 

status according to database coding[81, 82] or nursing home residency status[75] 

 

The majority of frailty assessment instruments (n=29/37, 78%) measured frailty as 

a multidimensional syndrome of cumulative deficits, confirming content validity. 

Eight assessment techniques (26%) preferentially assessed individual domains, 

including: Function ± quality of life (n = 4)[68, 70, 80, 136], strength (n = 2)[68-

70, 72, 73, 168], nutrition (n = 1)[79], comorbidity (n=1)[182]. 

 

There were 11 (26%) bespoke tools, designed by the study author for the purpose 

of their study.[71, 125, 135, 141, 146, 150, 175, 182-184, 186] The overall content 

validity of frailty assessment tools used in vascular surgery decreased (n = 19/26, 

73%) when these tools were discounted.  
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3.4.5 Frailty instrument description and utilisation 

I selected the ten most commonly used frailty assessment techniques to compare 

how authors reported on their methodological application of each tool. Some 

frailty assessment techniques had been used the same number of times, 

complicating selection. To overcome this, only instruments where domains could 

be assessed, and content validity was confirmed, were selected for inclusion, 

Table 3.5. 

 

One hundred frailty assessments were performed with the ten most commonly 

used frailty assessment instruments. The majority of frailty assessments (n = 84, 

84%) were performed using original versions of the selected frailty assessment 

instrument, as described or referenced by the authors[70, 77, 81, 95, 98-103, 105, 

106, 108, 109, 111-113, 118-120, 122, 124-130, 133, 134, 136, 141, 143, 144, 147, 

152-156, 158, 162-167, 169, 171, 173-175, 177-179, 181, 187-191]. Twelve 

assessments (12%) were performed using a modified version of a selected frailty 

assessment instrument, however, in five of these cases (42%), authors did not 

describe what the modification was.[76, 100, 104, 110, 151, 155, 156, 161, 171, 

172, 183] In four assessments (4%) the authors failed to describe or reference the 

instrument at all, after naming its application in the study[78, 117, 131, 170]. 
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Table 3.5 - Descriptive and analytical characteristics of the 10 most frequently used frailty assessment (instruments) used in included journal article studies. 
Table is as presented in Welsh et al.[90] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Instrument used to assess frailty n 

Instrument description Analysis description 

Standard tool (%) 
Modified 

version (%) 
Not 

described (%) 
Binary 

Different 
cut offs 

Continuous Categorical 
Different 
cut offs 

Not 
described 

11-item modified frailty index  
(mFI-11)[192] 27 22 (81.5) 4 (14.8) 1 (3.70) 10 Yes 5 11 Yes 4 

Risk Analysis Index (RAI - combined)[193] 17 11 (64.7) 4 (23.5) 2 (11.8) 12 Yes 2 6 Yes 4 

5-item modified frailty index (mFI-5)[194] 16 16 (100) - - 4 Yes 5 1 N/A 6 

Clinical Frailty Scale (9 point) (CFS)[94] 15 15 (100) 0  9 Yes 2 2 Yes 3 

Edmonton Frail Scale (EFS)[195] 6 5 (83.3) 0 1 (16.67) 4 Yes 1 1 N/A 2 
Critical Limb Ischaemia Frailty  
(CLI Frailty)[154] 5 3 (60) 2 (40) - 5 No - - - - 

Addenbrookes Vascular Frailty Score[101] 4 2 (50) 2 (50) - - - 3 - - 1 

Groningen Frailty Index[196] 4 4 (100) - - 4 No 1 - - - 
Frail Non Disabled Questionnaire 
(FiND)[197] 3 3 (100) - - 3 No - - - - 

Hospital Frailty Risk Score[198] 3 3 (100) - - - - - 3 No - 

Total number of assessments 100 84 (84) 12 (12) 4 (4) 51 - 19 24 - 20 
Table summarising the most 10 commonly used frailty assessment tools in vascular surgery in order of most to least commonly used (n). N/A – Not applicable. The proportion of studies 
describing use of standard version of the tool, compared to modified or no description is presented, alongside mode of data analysis. Some studies analysed data in more than one way. Values 
are presented as n (%) unless otherwise indicated. The Johns Hopkins Adjusted Clinical Groups (ACG) frailty indicators tool was used by 4 authors but not presented in this table due to incomplete description. 
Other tools that were assessed three times but not presented in this table include: biomarkers (not presented as these were isolated variables selected as surrogate markers of frailty rather than an assessment tool), 
initial clinical evaluation (not presented due to subjective nature of tool), wearable sensor technology and grip strength (not presented due to differences in equipment and methodological application of assessment 
between authors). 
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3.4.6 Mode of data analysis 

The same data selected for section 3.4.5 was used to compare how authors 

analysed their data. From the 100 assessments, this review identified three 

different modes of data analysis: dichotomous, continuous and categorical, Table 

3.5. Dichotomous analysis describes a binary classification of patients into ‘robust’ 

or ‘frail’ categories. Continuous data analysis can be applied to frailty assessment 

techniques that quantify frailty across a scale. Lastly, categorical analysis 

describes the instance where continuous data were classified into groups, data 

permitting. For example, the categorical analysis may describe three descriptive 

cut-offs, including ‘robust’, ‘prefrail’ and ‘frail’.  

 

Data were most commonly analysed in a dichotomous fashion (n = 51 assessments), 

where patients were categorised as ‘robust’ or ‘frail’.[70, 96-98, 105, 106, 108, 

109, 113, 118, 119, 122-124, 129-132, 136, 137, 140, 144, 147, 152, 154-158, 163, 

165-167, 170-174, 177, 179, 186, 188, 191] All eight instruments that underwent 

dichotomous data analysis were used by multiple authors and there was variation 

in the descriptive cut-offs where a ‘robust’ patient became ‘frail’ in five of these 

instruments (63%). Thereafter, categorical analysis was the second most common 

form of data analysis (n = 24 assessments).[76, 95, 99, 104, 106, 110, 112, 119, 

120, 127, 131, 133, 134, 161, 170-172, 178, 181, 185, 187, 191] A total of six 

instruments underwent categorical statistical analysis and substantial variation in 

descriptive cut-offs was observed again in three of the four (75%) instruments that 

were used by multiple authors. Analysing data continuously was performed least 

commonly (n = 19).[100, 101, 122, 124, 126, 128, 141, 143, 153, 160, 169, 175, 

180, 183, 189, 190] Mode of data analysis was inadequately described and/or 

displayed by authors for 20 assessments.[77, 78, 81, 102, 103, 111, 117, 125, 136, 

151, 152, 154, 163, 164, 172] 
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3.4.7 Practical application of frailty assessment tools 

From 147 frailty assessments included in this review, most authors did not describe 

who performed the assessment (68%), Table 3.6.[68, 70-72, 75-79, 81, 82, 98, 100, 

110, 112, 113, 115-120, 122, 125-131, 133-135, 137-149, 151, 153-156, 158, 161-

165, 169-173, 175-183, 187-191] The majority of authors did not describe whether 

the use of the selected frailty assessment tool mandated additional training 

requirements, or not (n = 128, 87%). Where authors did describe the need for 

additional training requirements (13%),[72, 73, 96, 108, 123, 124, 152, 167, 168, 

184, 186] the type of training was uncommonly defined (74%).[72, 73, 96, 124, 

152, 167, 168, 186] Most authors did not report the duration of time required to 

use their selected frailty assessment instrument (93%).[70, 71, 106, 136, 152, 168] 

Lastly, most authors did report the time in the patient journey where the frailty 

assessment took place (59%). Where described, all assessments were performed 

pre-operatively[68-72, 77-81, 95-97, 99-110, 112-124, 126-128, 132, 136-138, 140, 

149, 150, 152, 157, 159, 160, 166-168, 174, 178-180, 184-187] with 11% of 

assessments repeated post-operatively[68, 70, 77, 109, 124]. Where specified, the 

timing of pre-operative frailty assessments ranged from assessment on the day of 

admission[70, 78, 80, 96, 100, 160, 166, 180, 186], day of surgery[174], using a 

pre-morbid frailty status determined 2-weeks before surgery[150], or to assessing 

relevant data that had been collected up to three years before surgery.[149] 
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Table 3.6 - The practical application of frailty assessment tools. Table is as presented in 
Welsh et al.[90] 

 Total assessments 147 (%) 
Authors reported who performed the assessment 47 (32) 

Authors reported additional training requirements 
From those reporting additional training requirements: 

Training described 
No description of training 

19 (13) 
 

5 (26) 
14 (74) 

Authors reported duration of frailty assessment  11 (7) 

Authors reported when assessment was performed 
 

Preoperatively 
Outpatient department 
Hospital records 
On admission/inpatient 
Unspecified 

 
Postoperatively 

86 (59) 
 

86 (59) 
35 (24) 
30 (20) 
18 (12) 
3 (2) 

 
16 (11) 

Table summarising the description of practical application of frailty 
assessment tools observed in this review. 
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3.4.8 Conference abstract frailty tools 

Forty-four conference abstracts were included. Forty-one authors used one frailty 

assessment instrument,[89, 199-238] and three authors used two 

instruments.[239-241] Three authors did not describe the instrument used.[212, 

214, 230]  

 

Figure 3.3 summarises the most commonly used frailty assessment instruments. 

Similar to published journal articles, the most commonly used instruments were 

the modified frailty index (5- and 11-point), the Clinical Frailty Scale (7- and 9-

point) and a version of the Risk Analysis Index (RAI). Six (14%) published abstracts 

used a bespoke frailty assessment instrument designed for the purpose of the 

authors’ study.[204, 213, 218, 232, 237, 238] 

 

The inclusion of abstracts identified one additional frailty assessment tool that 

was not identified in the included journal articles: the FRAIL criteria (Falls, 

Reduced mobility, Altered cognition, new onset or worsening of previous 

Incontinence, Lots of medications).[89] 
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Figure 3.3 - Frailty assessment tools used, according to frequency, in frailty assessments in 
published abstracts. Figure is as presented in Welsh et al.[90]  
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3.5 Methods 2 - Systematic review of the psychometric 
and clinimetric properties of frailty tools in surgical 
populations 

A secondary systematic review was performed to describe the psychometric and 

clinimetric properties of the ten most commonly used frailty assessment 

instruments. Psychometric analysis is a field of study designed to assess statistical 

and structural robustness of assessment instruments. Clinimetric analysis is a 

related field which assesses the clinical usefulness of an instrument. Criteria for 

both psychometric and clinimetric assessment are described in the COnsensus-

based Standards for the selection of health Measurement Instruments 

(COSMIN).[242, 243] A list of the COSMIN properties that were assessed, and their 

definitions, is included below. The comprehensive taxonomy is included in 

appendix 3. 

 

 Validity (psychometric) 

o Content validity 

This domain considers the relevance, comprehensiveness and 

comprehensibility of an instrument’s content with respect to the 

construct of interest and the target population it is being applied to. 

o Criterion validity 

This domain assesses how correlation of scores from one tool with 

that of a ‘gold standard’ tool. 

o Convergent validity 

This domain measures the strength of relationship between scores 

from the tested instrument and those of other instruments 

considered to be of good quality. 
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o Known-groups validity 

The ability of an instrument to discriminate between two groups 

known to differ on the variable of interest.  

 Interrater reliability (clinimetric) 

This domain assesses an instruments ability to reproduce a result 

consistently in time and space, or from the perspective of different 

observers/users. 

 Responsiveness 

This domain measures the ability of an instrument to detect change over 

time. 

Having identified a previous systematic COSMIN review of frailty assessment 

instruments[244], an updated literature search of Embase (OVID) and Medline 

(OVID) was performed using modifications of its search syntax to identify 

additional publications, see appendix 4. The initial literature search had produced 

a limited number of references when defining the search to include only a vascular 

population. For this reason, it was felt necessary to broaden the literature search 

to include articles involving any surgical population.  

 

Included references were restricted to: participants of any age, published journal 

articles involving any surgical population and presentation of COSMIN properties 

of original descriptions of selected tools. COSMIN properties were extracted as 

reported by the original author of included papers with the following standardised 

cut-offs applied: Cohen’s Kappa statistics: ≤ 0.2=poor, 0.21-0.6=moderate, 

≥0.601=good; Area Under the Curve Receiver Operating Characteristic: 

<0.7=poor/inadequate, 0.7-0.8=moderate, >0.8=good and Spearman’s correlation 

co-efficient: <0.5=poor, 0.5-0.7=moderate, >0.7=good. Where multiple papers 

assessed the same parameter for one tool, the highest score was accepted. 
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3.6 Results 2 - Assessing psychometric and clinimetric 
properties of frailty tools in surgical populations 

The previous systematic review contained one relevant reference for inclusion. An 

updated literature search identified ten additional journal articles, producing a 

total of eleven articles for inclusion in this secondary systematic review, see 

Figure 3.4. Table 3.7 summarises study characteristics for included journal 

articles; only one article assessed psychometric properties of a frailty assessment 

instrument when applied solely to a vascular surgery population. 
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Figure 3.4 - PRISMA diagram for the selection of articles assessing psychometric and 
clinimetric properties of frailty assessment tools. Figure is as presented in Welsh et al.[90] 
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Table 3.7 - Summary of articles included in COSMIN review. 
 

  

Author Year Study design Country Data source Population n Frailty tool(s) COSMIN property Author defined gold 
standard comparison 
tool 

Ayyash[106] 
2022 Cohort, P England Prospectively collected data Vascular surgery 97 Clinical Frailty Scale 

Interrater reliability 
Convergent validity 

NA 
Edmonton Frailty Scale 

Chimukangara[245] 
2017 Cohort, R USA ACS-NQIP 

General surgery (paraoesphageal hernia 
repair) 3711 5-item modified Frailty Index Criterion validity mFI-11 

Darvall[246] 

2020 Cohort, P Australia Prospectively collected data Surgery, unspecified 218 Clinical Frailty Scale 
Content validity 
Criterion validity 
Convergent validity 

NA 
Edmonton Frailty Scale 
Edmonton Frailty Scale 

Fornaess[247] 
2022 Cohort, R Norway Institutional database 

Emergency abdominal surgery (excluding 
vascular surgery) 112 Clinical Frailty Scale Interrater reliability NA  

He[248] 
2020 Cohort, P Singapore Prospectively collected data 

Elective major abdominal surgery 
(general surgery, urology and 
gynaecology) 

142 Edmonton Frail Scale Interrater reliability NA 

Kay[249] 2022 Cohort, P Scotland Prospectively collected data Orthopaedic (hip fracture) 57 Clinical Frailty Scale Interrater reliability NA 

Kerschbaumer[250] 
2022 Cohort, R Austria Institutional database 

Neurosurgery (resection of metastatic 
brain disease) 

205 Clinical Frailty Scale Construct approach NA 

Pierce[251] 2021 Cohort, R USA ACS-NQIP Orthopaedic (spine surgery) 61,356 5-item modified Frailty Index Convergent validity mFI-11 

Pulik[252] 
2020 Cohort, R Poland Institutional database 

Orthopaedic (primary total hip 
arthroplasty) 

365 5-item modified Frailty Index Convergent validity mFI-11 

Yagi[253] 2019 Cohort, R Japan Institutional database Orthopaedic (spine surgery) 281 5-item modified Frailty Index Convergent validity mFI-11 

Zhao[254] 

2022 Cohort, P China 
Prospectively collected 
data, institutional database Trauma 101 Hospital Frailty Risk Score Construct validity 

Fried index 
Trauma-specific frailty 
index 
mFI-11 

Table summarising the characteristics of articles included in this updated COSMIN review. ACS-NQIP - American College of Surgeons National Surgical Quality Improvement Program. NA – Not applicable.  
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From eleven articles, COSMIN assessment was performed on four of the ten most 

commonly used frailty assessment tools: CFS[18, 94], 5-item Modified Frailty 

Index[194], Edmonton Frail scale[195] and the Hospital Frailty Risk Score[198]. 

The remaining six frailty assessment tools have not been subject to COSMIN 

property analysis, Table 3.8. 

 

The most commonly assessed tool was the CFS (n = 5) which demonstrates good 

content validity, interrater reliability, criterion validity, convergent validity 

(against the Edmonton Frail Scale) and responsiveness. Thereafter, the mFI-5 was 

assessed by four authors, all electing to compare criterion or convergent validity 

of the instrument against the mFI-11, demonstrating good strength in this 

relationship. The Edmonton Frail Scale was observed to demonstrate good 

interrater reliability (n = 1), whereas the Hospital Frailty Risk Score demonstrated 

only poor/moderate convergent and known-groups validity when compared to 

three other measures of frailty, with others reporting frailty assessment 

instruments are commonly based on different concepts of frailty and most tools 

cannot be assumed to be interchangeable.  
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Table 3.8 - COSMIN assessment of most common frailty assessment tools. Table is as presented in Welsh et al.[90] 

Tool n Content 
validity 

Criterion 
validity 

Convergent 
validity 

Known-groups 
validity 

Interrater 
reliability 

Responsiveness Gold standard 
compared to 

11-item Modified Frailty Index (mFI-11) 0            n/a 

Risk Analysis Index (RAI - combined) 0             n/a 

5-item Modified Frailty Index (mFI-5) 
[245, 251-253] 

4  NV:0 
NoS:1 

NV:0 
NoS:3 

    mFI-11 

Clinical Frailty Scale (9 point) 
[106, 246, 247, 249, 250] 5 

NV:1 
NoS:0 

NV:0 
NoS:1 

NV:0 
NoS:2 

 NV:1 
NoS:2 

NV:0 
NoS:1 

Edmonton Frail 
Scale 

Edmonton Frail Scale (EFS) 
[248] 1     NV:0 

NoS:1   n/a 

Critical Limb Ischaemia Frailty (CLI Frailty) 0        n/a 

Addenbrooke's Vascular Frailty Score 0        n/a 

Groningen Frailty Index 0        n/a 

Frail Non Disabled Questionnaire (FiND) 0        n/a 

Hospital Frailty Risk Score 
[254] 1   NV:0 

NoS:1 
NV:0 
NoS:1    

Fried index, 
Trauma-specific FI 

and mFI-11 
Table summarising reported COSMIN assessment of selected frailty assessment tools within a surgical population. Original descriptions of the frailty assessment tools were 
used. Where a property was assessed by multiple authors, the highest score was accepted. Blank fields indicate no assessment performed. NV - Number Vascular papers, NoS 
- Number other Surgical papers. Colours indicate: red - poor/inadequate evidence, yellow - moderate evidence, green - good/excellent evidence. This table summarises 
COSMIN assessments performed on the most commonly selected frailty assessment tools used in vascular surgery. The following tools were excluded from this analysis due to 
inadequate tool description, or unsuitability due to the assessment being an isolated variable or a clinician's subjective opinion: Johns Hopkins Adjusted Clinical Group 
System, biomarkers, Initial clinical evaluation, wearable sensor technology and grip strength. 
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3.7 Discussion 

As summarised in Chapter 2, in open vascular surgery and endovascular techniques 

alike[60], frail patients experience increased risk of morbidity, short-term and 

long-term mortality, limb loss, discharge with greater social care requirements, 

and functional decline.[2, 52, 62] These end points must be recognised and 

clinical service models modified to ensure equity in health care provision for this 

vulnerable cohort, the critical first step in achieving this is standardising our 

approach to its identification. Although guidelines advocate the importance of 

frailty recognition, recommendations for such standardisations are unfortunately 

lacking.[4] This review set out to explore variations in practice this with a view to 

guiding future research and policymakers. 

 

This review identifies a surplus of heterogeneous frailty assessment instruments 

used within vascular surgery research with a reliance on assessing patient function 

and comorbidity, substantial variability in data analysis and poor description of 

methodological application. Almost one third of frailty assessment tools did not 

evaluate a multi-domain deficit, despite this being the underpinning principle of 

frailty. There is also widespread use of bespoke frailty assessment tools, which 

seems counterintuitive given the number of tools available and, while the content 

validity of frailty assessment tools improved when incorporating bespoke tools 

(demonstrating author recognition of the importance of multidomain assessment), 

it challenges comparison between studies. These inconsistencies may imply 

variation in prognostic value[255], complicate training and service provision and 

preclude meaningful comparison of services and pooling of data. The notable 

paucity in psychometric and clinimetric assessment of these tools within a surgical 

population adds additional complexity as it further complicates the ability to 

identify preferred frailty assessment tools.  
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It is estimated that 10% of people over 65-years old are frail[51] and while the 

purpose of this review was not to summarise prevalence, it identifies a prevalence 

three times this within a vascular surgery patient population emphasising the 

importance of frailty recognition. However, confounding factors for this high 

prevalence are identified. Firstly, the most commonly used tool (mFI-11) is a 

frailty index which awards one point per variable present across 11-variables; the 

greater the value the greater the risk of frailty.[192] It is constructed on American 

national databases which were heavily represented in this review. While the mFI-

11 incorporates variables across three domains, it is overly reliant on 

comorbidities, such that comorbidities alone can result in a ‘frail’ score. In 

particular, a history of peripheral arterial disease (PAD) is one of the eleven 

variables, which may represent a bias in assessment when applying the tool to a 

vascular surgery population. Second, the most commonly assessed vascular 

intervention was lower limb revascularization and clearly ischemic rest pain will 

impair mobility and affect patient function. In this population, using a frailty tool 

that relies on assessing mobility will give a high absolute number of frailty. 

However, consideration must be put to end-stage peripheral arterial disease being 

associated with systemic atherosclerotic disease with associated morbidity risks. 

Because frailty and comorbidity are closely related, what remains to be clarified 

is whether this represents a bias in assessment or true estimates of frailty. It is 

recognized that the content validity of differing tools may change when applied 

to different vascular populations. However, for the purpose of population 

screening, a consistent approach is preferable. 

 

3.7.1 Consistency of frailty assessment in other surgical fields 

Research to date confirms frailty is associated with poorer peri-operative 

outcomes across numerous surgical specialities. A review investigating frailty in 

patients undergoing radical cystectomy included 9 studies with 11 different frailty 

assessment tools and a reciprocal heterogeneity in frailty definition and mode of 

analysis was identified.[256] Similarly, a review of frailty in major abdominal 

surgery described limitations in the clinical applicability of their results, in part, 
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due to the scope and extent of heterogeneity in the frailty-related variables 

assessed, of which up to 70-items were reported across 35 studies.[257]  

 

3.7.2 Implications for research and clinical practice 

Our data confirm substantial inconsistency in frailty assessment. Available 

evidence does not suggest a definitive superior tool. It also highlights a lack of 

research comparing psychometric and clinimetric properties of frailty tools, and 

a lack of studies examining important methodological considerations such as 

assessing the feasibility of implementing frailty assessment into routine clinical 

practice. Surgical teams should look to fill this evidence gap.  

 

The prognostic value of frailty has been confirmed through several iterations of 

various frailty assessment tools. However, the feasibility of disentangling each 

tools' clinical usefulness in the granular context of individual vascular conditions 

and the various treatment options is questionable. Further, expecting a positive 

uptake of various iterations of frailty assessment tools according to the range of 

conditions and treatments (e.g., open, endovascular, or medical treatment) in 

vascular surgery feels overly complicated and perhaps unrealistic. Standardising 

the approach to frailty identification represents an opportunity to clarify the 

implications of frailty according to disease and treatment burden (e.g., major and 

minor procedures or general, regional, or local anaesthesia). Further, 

standardization in assessment promotes research reproducibility, minimises data 

wastage, and enhances research impact, which directly informs clinical care. 

Additional to prognostication, using a frailty assessment tool for population 

screening may direct resource-intensive, comprehensive, frailty-centric services 

enabling periprocedural optimisation tailored to the burden of disease and its 

proposed treatment. As presented in Chapter 2, such clinical service models in 

vascular surgery have been trialled with limited evidence suggesting 

improvements in perioperative outcomes and financial advantages when 
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implemented both pre- and post-operatively.[84, 89] In a speciality where 

pathology is commonly time-sensitive, the latter is particularly beneficial.  

 

In the absence of a clearly superior tool, it is preferable clinicians refrain from 

deferring frailty assessment pending original research which may not happen. 

Considering data presented in this review and relevant reviews demonstrating the 

prognostic usefulness of frailty, consideration should be put toward 

standardisation in the approach to frailty assessment. From the data in this 

review, a recommendation is made for clinicians and national databases to 

consider adopting the CFS. As detailed in Chapter 2, this 9-item scale, with images 

and brief descriptions per point, uses information collected routinely as part of 

preoperative assessment.[18, 94] Its widespread use represents international 

familiarity, the tool demonstrates good psychometric and clinimetric properties, 

it does not require additional equipment and the tool can be applied in seconds, 

making it suitable for use in established busy clinical scenarios.[106] A short online 

module is available to ensure consistency in application prior to 

implementation.[258] However, there is a role for further research to perform 

head to head comparisons of the prognostic utility of the CFS in a surgical setting 

(see Chapters 4 - 6).Furthermore, although the COSMIN assessment considers 

classical test properties, issues such as time to complete and ease of 

administration are equally important when considering the practical implications 

of implementing frailty assessment in a busy vascular surgery unit. Clarifying these 

metrics should be considered in future studies. 

 

Another identified issue lies in the analysis of data, where over half of assessments 

define a binary cut-off (which varies between authors), above which, a patient is 

diagnosed as frail. Whilst this facilitates data comparisons between ‘frail’ and 

‘non-frail’ groups, it fails to recognise that frailty is not a binary condition, rather 

a transitional state in a dynamic progression from robustness to a state of 

vulnerability.[259] Data analysis should reflect this continuum and will have 
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greater clinical applicability if analysed in a categorical and/or continuous 

fashion. 

 

Lastly, this review identifies a limited number of studies examining the prognostic 

utility of frailty in patients managed non-operatively. As clinicians increasingly 

aim to identify those patients who would sooner benefit from a conservative 

approach, future research should include direct comparisons between patients 

proceeding to intervention and those managed conservatively. 

 

3.7.3 Strengths and limitations 

This systematic review is large, including 111 original studies and 44 conference 

abstracts, in total identifying 43 different ways to assess frailty within vascular 

surgery research. The scale of this review is further enhanced by analysing 

authors’ definition of frailty in included studies. This accounts for the large sample 

population as some authors sampled the same database through overlapping time 

periods. To fully explore patterns of frailty assessment, the decision was made 

not to collate these papers when encountered. The analysis was limited to the 

data as presented, without contacting authors for clarification. While this may 

overestimate the descriptive problems, this acts as a fair representation of the 

anticipated challenges that would be encountered by prospective authors wishing 

to simulate similar trials with differing population groups or compare results 

across different studies. Further, although content validity was explored in this 

review, the usefulness of each domain when applied to a vascular surgery 

population was not, identifying an area for future research. 
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3.7.4 Conclusion 

This review explores the methodology of frailty assessment in vascular surgery 

research. It identifies significant issues with heterogeneity in tool selection and 

data analysis, a reliance on assessing patient function and comorbidity as well as 

poor description of methodological application. Further, there is a stark lack of 

psychometric and clinimetric assessment of selected frailty assessment tools 

within a surgical population. To minimise data wastage and enhance research 

impact, this review recommends a standardisation in the reporting of frailty tool 

application and that frailty is considered as a continuous construct for analysis. In 

the absence of a consensus the CFS is recommended for use by surgical teams 

given proven satisfactory psychometric and clinimetric properties and practical 

suitability for application in established clinical service models. 
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Chapter 4 Materials and methods for ‘Frailty 
Assessment in Vascular OUtpatient Review’ 
(FAVOUR) study 

4.1 Chapter summary 

This chapter summarises the methodological approach to the Frailty Assessment 

in Vascular OUtpatient Review (FAVOUR) study. This study is designed, in part, to 

address some of the evidence gaps identified in Chapter 3 which discussed the 

challenges faced by clinicians in selecting frailty assessment instruments suitable 

for application in clinical practice. Specifically, this prospective observational 

study was designed to answer research question 2a-2c (can frailty assessment be 

implemented as part of routine care in clinical practice). This two-part study aims 

to: a) assess the feasibility of implementing routine frailty screening in a vascular 

outpatient setting, and b) compare the prognostic value of five different frailty 

assessment tools or techniques.  

 

The text, figures and tables presented in this chapter are published in Welsh SA, 

Hussey K, Brittenden J, Orr DJ, Quinn T. Frailty Assessment in Vascular 

OUtpatients Review (FAVOUR) protocol: single-centre prospective cohort study 

comparing feasibility and prognostic value of commonly used frailty assessment 

tools. BMJ Open 2023;13:e079387.[260] doi: 10.1136/bmjopen-2023-079387 

 

This study is registered on ClinicalTrials.gov, Identifier: NCT06040658 which has 

been included in appendix 6. 
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4.2 Introduction 

4.2.1 Background and rationale 

Chapter 2 summarises the growing relevance and implications of frailty for 

patients with vascular surgery pathology. Chapter 3 identified the abundance of 

methodologically heterogeneous frailty assessments that exist within vascular 

surgery research. It then discussed the resultant challenges and implications this 

brings when attempting to translate progress made to date into meaningful 

changes to clinical practice. It is clear that current service models will need to 

adapt their approach to the management of vascular patients living with frailty 

on an individual and wider service-model level. This is required to ensure equity 

in healthcare delivery, guide resource allocation and improve healthcare 

outcomes. The critical first step to this is the definition and optimisation of 

clinicians’ approach to frailty assessment and its recognition in clinical practice. 

While the importance of recognising frailty (and ensuring access to frailty-related 

specialist input) has been advocated by national guidelines, guidance on the 

optimum approach for doing this is lacking.[4] 

 

Approximately one third of vascular surgeons do not formally assess patients for 

frailty, with common reasons for not doing so including unfamiliarity with tools 

and concerns over tool validity.[261] Further, of centres in the United Kingdom 

reporting the use of frailty assessment, over 40% rely to some extent on subjective 

clinical judgement rather than utilising validated instruments.[261] This issue is 

not isolated to vascular surgery as similar problem has been demonstrated by a 

European survey in Emergency Surgery which demonstrated only 1.2% of clinicians 

routinely perform frailty screening despite 98% agreeing frailty influences 

outcomes. Among the reasons cited for this discrepancy were a lack of knowledge 

on frailty assessment, lack of training and a perceived lack of evidence supporting 

a single best frailty tool.[262] Perhaps the downside to frailty gaining important 

visibility, in the absence of a gold standard diagnostic tool, is the subsequent 

accumulation of disparate methods for assessing and diagnosing frailty, with 

limited data on how these tools perform in clinical practice.[90] The 
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heterogeneity in frailty tools has been labelled as immaturity in this area of 

research and a call has been made for direct tool comparisons to help identify 

whether a superior tool exists in order to better meet the expectations of vascular 

populations.[263, 264]  

 

Identification of frailty early in the perioperative pathway enables risk 

stratification, joint decision making and, with the support of appropriate 

specialist input, syndrome modification.[265] Targeted treatment of this 

vulnerable population may also confer financial and medical benefit, although 

larger and long-term studies across multiple centres are required to support 

this.[89] The well demonstrated heterogeneity in frailty assessment tools 

complicates the ability to do so by preventing comparison of services and data 

pooling. Identifying a preferred frailty tool will enable researchers, clinicians and 

managers to speak one language around frailty and act as a prelude to 

(inter)national harmonisation in frailty research, and improve approaches to its 

management in clinical practice. With this in mind, it is important to identify 

methods for assessing frailty which lend themselves to practical application in 

busy, time-pressured, clinical services but are still accurate and relevant. Chapter 

3 demonstrates an evidence gap around the ability to identify a preferred 

approach to frailty assessment in the vascular surgical context.[90] Limitations of 

studies to date include potential biases from retrospective design, poor 

generalisability to the United Kingdom’s National Health Service (NHS), lack of 

head to head comparisons of tools and limited assessment of properties such as 

feasibility and acceptability. Despite the vascular community declaring a national 

interest in frailty,[4] there is a lack of evidence directly comparing the prognostic 

validity and variability of frailty assessment tools. The data from this study will 

help guide standardisation in the approach to frailty assessment in clinical 

practice. 
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The ideal study design would include a real world, unselected cohort and 

prospectively compare differing methods for frailty assessment. The Frailty 

Assessment in Vascular OUtpatients Review (FAVOUR) study is designed to speak 

to this gap in the evidence using five frailty assessments that have been carefully 

selected after reviewing format, relevance, anticipated ease of use and, where 

possible, are recommended by a national governing body: Healthcare 

Improvement Scotland. 

 

4.2.2 Objectives 

The primary aim was to assess the feasibility of implementing routine frailty 

assessments into an urgent-referral vascular outpatient clinic setting (‘Vascular 

Hot Clinic’). Part of feasibility assessment will also include comparison of 

interrater reliability (comparing scores when one tool is accessed by different 

users), as well as assessing convergent validity (comparing scores of different tools 

accessed by the same user). Secondary objectives were to assess and compare the 

variability and prognostic value of selected frailty assessments.   

 

4.2.3 Study design 

The FAVOUR study (IRAS ID 322086, NHS R&I reference UGN23CE014/REC 

reference 23/PR/0062) is a single-centre, non-randomised, observational cohort 

study of feasibility which was conducted and reported in line with the guidance 

presented in the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) statement.[266]  
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4.3 Methods 

4.3.1 Study setting 

This study was based in the Vascular rapid access (‘Hot’) clinic at the Queen 

Elizabeth University Hospital (QEUH), Scotland. Following centralisation of 

services, vascular surgery services in the United Kingdom operate a ‘hub-and-

spoke’ model. This model describes a tertiary speciality service delivered from a 

hub/main site with spoke/satellite sites referring patients to the hub site, in the 

absence of the service being offered locally. The consultant-led outpatient clinic 

is responsible for delivering urgent vascular care for a population of approximately 

1.7 million patients in NHS Greater Glasgow & Clyde and spoke sites including: 

NHS Forth Valley, part of NHS Highlands and NHS Western Isles. Referrals are 

received from primary care physicians, community podiatrists and secondary care 

teams. Referrals are triaged within 24 hours of receipt by a consultant vascular 

surgeon, and if medically appropriate, patients are appointed to the next 

available appointment (same day to within 1 week). The ethos of the clinic is to 

provide urgent care for patients with suspected vascular pathology which requires 

prompt, but not immediate, medical assessment and intervention.  

 

Three clinics are held weekly with a capacity of up to ten patients per clinic. The 

clinics are also served by a multidisciplinary team, including vascular nurse 

specialists, podiatrists and clinical scientists who provide complex wound care and 

a dedicated duplex service. This clinic does not provide a vascular access service 

which is instead offered through a separate renal transplant service. 
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4.3.2 Population 

Patients were recruited from the Vascular Hot Clinic between March - July 2023 

inclusive.[267] This offers a real-world, unselected cohort. Participants were 

required to provide written informed consent prior to study participation (see 

Appendix 7 for example consent form). All referrals to vascular hot clinic were 

eligible for inclusion, preferentially recruiting new referrals. As frailty is related 

to age, but does not directly correlate with it, no age cut-off was defined.[4, 22] 

As this was primarily a study of feasibility, patients were not excluded/included 

based on presenting symptom or diagnosed pathology.  

 

A proxy (relative/friend/carer), if present, was also invited to participate and 

assist with frailty assessments of the patient, where suitable. The participation of 

the proxy was dependent on the patient providing written consent agreeing to 

their participation, as well as the proxy being eligible to participate, according to 

the same inclusion/exclusion criteria set out for patients below. 

 

4.3.2.1 Inclusion criteria: 

 Adults (aged 18 years or older) 

 Attending Vascular Hot Clinic at QEUH 

 

4.3.2.2 Exclusion criteria: 

 Lacking capacity to provide informed consent, as defined in the Mental 

Capacity Act, 2005 (I was responsible for assessing capacity as part of 

participant recruitment) 
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 Parent clinical team felt frailty assessment was not appropriate for any 

reason 

 Non-English speaker without suitable translator present 

 Prisoners  
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4.3.3 Intervention 

Five frailty assessment techniques were compared. These are comprehensively 

detailed in Table 4.1:  

 Rockwood 9-item Clinical Frailty Scale (CFS)[94] 

 Initial clinical evaluation (ICE)[159] 

 Healthcare Improvement Scotland (HIS) ‘Think Frailty’ FRAIL assessment 

tool[268] 

 11-item Modified Frailty Index (11-mFI)[192] 

 Frailty non-Disabled Questionnaire (FiND)[269] 

As frailty assessment is recommended, there was no control, rather differing tools 

were compared to one another. The clinician completed CFS, ICE and HIS FRAIL 

assessment. The patient, and proxy where applicable, completed CFS and FiND 

self-assessment. The researcher completed the mFI-11 assessment. The CFS is 

endorsed by healthcare policy throughout the UK and will be used as the reference 

standard for comparisons.[86] 

 

These tools were selected as most likely to be suited to the acute clinic context 

after reviewing their relevance, format, cost, anticipated ease of use, training 

requirements and, where possible, endorsement in local or national healthcare 

policy. The choice of instruments was also based on their representation of 

differing theories of frailty. Further, the work presented in Chapter 3 

demonstrates the CFS and mFI-11 are the most commonly used tools within 

vascular surgery which demonstrates international familiarity.[90] By continuing 

their use, the research impact of this study was enhanced. Key requirements to 

tool selection were that the selected tools should not require additional 

equipment, external training or have copyright restrictions. This was to ensure 
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ease of implementation at scale, both in the UK NHS and other healthcare settings. 

Appendix 8 displays the case report forms (CRFs) with various frailty assessment 

to be completed by clinician, patient/proxy, and researcher.  

 

Participation in this study did not preclude any aspect of concomitant care and/or 

intervention for patients. To ensure routine care provided by this service remained 

unaffected, clinicians were asked to complete frailty assessments at the 

conclusion of each clinic, minimising possible biases in assessment and care 

provision.   
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Table 4.1 - Selected frailty assessment tool summaries.  Table is as presented in Welsh et al.[260] 
 
Clinical 
Frailty Scale 
(CFS) 

Definition: The CFS is an ordinal, hierarchical 9-item person-assessed scale where patients score more highly if 
more frail. The scale scores run between 1 (‘Very Fit’) and 9 (‘Terminally Ill’) with each score having a picture 
and succinct written definitions This tool is recommended for use in clinical practice by Healthcare 
Improvement Scotland (HIS). 
Personnel: Vascular surgeon, patient and proxy (if present) completed. In the unlikely event where the 
surgeon was unwilling or unable to provide the frailty assessment score for the patient, the research team 
scored the patient instead. Where relevant, non-completion of frailty assessment by surgeon/patient/proxy, 
and the reason why, was recorded. Incomplete clinician assessments were filled in by the research team. 
Incomplete patient/proxy scores were left blank. 
Training requirement: While not necessary to use the instrument, there is a short online module available to 
develop understanding in how the CSF is applied. To ensure internal rigour, clinicians contributing to this study 
were requested to complete this training.  
Duration: It was expected this tool would take less than one minute for clinicians once they were familiar with 
the tool. For patients or proxy’s completing the tool, it was expected this would take five minutes.  
Application: A copy of the CFS chart was available in the outpatient department. At the end of clinic, the 
consultants were approached by the research team and asked to score recruited patients. For patients/proxy’s, 
a modified CFS chart was displayed at the end of their clinic appointment. The patient/proxy was asked to 
read each the definition for each score (1-8) before selecting the one they felt most accurately described 
them. To reduce the risk of bias, the title and image for each score was hidden from patient/proxy, leaving 
only the text description. Time taken to complete was calculated by the number of seconds required for 
clinicians/patients/proxy to read and respond to all sections of the tool. 
Modifications for study: A CFS score of 9 describes a terminally ill patient, regardless of frailty status. As this 
was not relevant to this study, and to reduce the risk of participants becoming upset, this score was not 
considered by this study and therefore was not displayed to the participant. 

Initial Clinical 
Evaluation 
(ICE) 

Definition: Also known as the ‘end of bed test’. Clinicians reported a subjective and binary assessment of the 
patient; ‘frail’ or ‘non-frail’.  
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Personnel: The consultant leading the clinic was asked to provide an ICE. In the unlikely event where the 
surgeon was unwilling or unable to provide the frailty assessment score for the patient, the research team 
scored the patient instead. Non-completion of frailty assessment by surgeon was recorded, where relevant.  
Training requirement: No training required for application. 
Duration: This assessment takes part as routine practice during a clinical interaction between clinician and 
patient. No additional time was required.   
Application: The consultant was approached at the end of the clinic and asked to provide their subjective 
opinion (ICE) on patients frailty status to the research team. This assessment was performed first to minimise 
bias in clinician responses from completing subsequent structured frailty assessments. Time taken to complete 
was calculated by the number of seconds required for clinicians to read and respond to all sections of the tool. 
Modifications for study: Nil. 

HIS ‘Think 
Frailty’ FRAIL 
assessment  

Definition: This is a five-item frailty screening tool which has been developed by HIS and is currently 
recommended to be used in all unscheduled older adult admissions. The format is based on the theory of 
cumulative deficits across multiple domains (function, cognition, social). Its selection, in part is due to the 
novel aspect of this tool not considering co-morbidity as part of the assessment.   
Personnel: The consultant leading the clinic was asked to complete the HIS FRAIL assessment. In the unlikely 
event where the surgeon was unwilling or unable to provide the frailty assessment score for the patient, the 
research team scored the patient instead. Non-completion of frailty assessment by surgeon was recorded.  
Training requirement: No training required for application. 
Duration: Completion of the HIS tool was expected to take less than two minutes.  
Application: A copy of the HIS FRAIL chart was available in the outpatient department. At the end of clinic, 
the consultant was approached by the research team and asked to score recruited patients. Time taken to 
complete was calculated by the number of seconds required to read and respond to all relevant sections of the 
tool. 
Modifications for study: Nil. 

11-item 
modified 
frailty index 
(mFI-11) 

Definition: This frailty index assessment is based on the frailty theory of cumulative deficits.[270] Healthcare 
records were accessed to determine the presence, or absence, of 11 variables across multiple domains (Non-
independent function status, cognitive impairment and the following co-morbidities: congestive cardiac 
failure, myocardial infarction, previous percutaneous coronary intervention/cardiac surgery or angina, 
hypertension, diabetes mellitus, severe chronic obstructive pulmonary disease/active pneumonia, peripheral 
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arterial disease, stroke/transient ischaemic attack without residual neurological deficit or with deficit). Each 
variable is scored 1 point when present, with the end score divided by the total number of variables (11), 
giving a score between 0 – 1. The greater the value, the greater the risk of frailty.   
Personnel: The research team completed this assessment. Where relevant, non-completion of frailty 
assessment, and the reason why, was recorded 
Training requirement: No training required for application.   
Duration: This tool was piloted and found to take less than five minutes per participant to extract relevant 
data from electronic health records.  
Application: This is a frailty index which is calculated by extracting relevant data through accessing national 
health service (NHS) electronic records. Time taken to complete was calculated by the number of seconds 
required to extract, and document, relevant data from electronic health records to calculate the overall score. 
Modifications for study:  Nil. 

Frail 
NonDisabled 
(FiND) 
Questionnaire 

Definition: This is a 5-item self-assessment questionnaire. The first two questions relate to disability while the 
remaining three relate to frailty. Patients reporting one or more of the three frailty symptoms, in the absence 
of disability, are defined as frail. The scale’s design reflects principles of the Fried frailty phenotype which 
defines frailty as the presence of three or more of the following energy-negative components: unintentional 
weight loss (‘shrinking’), poor grip strength, exhaustion, slowness and low physical activity levels.[17] This 
questionnaire is recommended for use by Healthcare Improvement Scotland. The original questionnaire uses 
metric measurements of distance and weight, an imperial conversion was added to relevant parts of the 
questionnaire to assist with patient comprehension. 
Personnel: The patient, and proxy if present, completed the questionnaire themselves. Where relevant, non-
completion was documented with reasons why. Noncompleted forms were left blank. 
Training requirement: No training required for application. 
Duration: It was expected this questionnaire would take approximately two minutes to complete.  
Application: A copy of the FiND questionnaire was displayed to the patient/proxy at the end of their clinic. 
They were asked to read each of the 5 items closely and select the option that most accurately describes their 
situation (scoring either 0 or 1 per point). Time taken to complete was calculated by the number of seconds to 
read and respond to all relevant sections of the tool, with or without assistance. 
Modifications for study: Nil. 
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4.3.4 Primary aim 

The primary aim of this study was to assess the feasibility of implementing routine 

frailty assessment in a vascular clinic setting. For this, the following data was 

collected: number of patients attending hot clinic, number eligible for inclusion, 

number of eligible patients approached for recruitment, number of patients 

recruited, time taken to complete assessments (in seconds: see ‘Application’ in 

Table 4.1 - Selected frailty assessment tool summaries.), number of assessments 

with non-completion, reasons for non-completion (defined as: ‘time restriction’, 

‘patient not suitable’, ‘forgot’ or ‘other’) and if assistance was required to 

complete the tool (defined as: ‘verbal assistance’ where a verbal 

prompt/explanation was required or ‘hands on’ where patients required greater 

degree of assistance than ‘verbal assistance’).  

 

Part of feasibility parameters involved assessing clinimetric properties, 

specifically interrater reliability and convergent validity.[242, 243] Complete 

COSMIN definitions are presented in 3.4. In brief, interrater reliability describes 

the difference in measurements between observers when different users apply the 

same tool. Convergent validity describes how closely a test is related with other 

tests that measure the same, or similar, constructs.  

 

The described outcome measures were felt to be clinically relevant as they allow 

valid and reproducible calculations of the proportion of eligible patients recruited 

and time taken to complete assessments which enables clinicians to consider the 

feasibility and suitability of implementing routine frailty assessment in a 

controlled clinical environment, encouraging compliance with current 

guidance.[4] 
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4.3.5 Secondary outcomes (follow-up) 

The secondary objectives involved assessing the prognostic value of selected 

frailty assessment tools and their value over standard clinical demographic 

information. All patients were electronically followed-up at 30-days from 

recruitment, collecting data on mortality and home time.[271] Home time is 

defined as the number of full days the patient spends not as an inpatient and 

thereby acts as a summary of any hospital admissions, length of hospital stay(s), 

readmission and non-home discharges.  

 

A secondary 30-day post-operative follow-up was applied for those patients who 

proceeded to surgical and/or endovascular treatment following their attendance 

at the clinic. This falls in line with current practice for reporting post-operative 

outcomes according to the number of days that have passed since the index 

intervention. With this in mind, common post-operative outcomes were selected 

to encourage applicability and generalisability of results. The following data was 

collected: surgical procedure [classified by 1) approach: open surgical repair, 

endovascular or both/hybrid, and 2) anatomy: upper limb, aortic, iliac, common 

femoral and infrainguinal, the latter encompassing any treatment distal to the 

common femoral artery], mortality, post-operative complications (according to 

the Clavien-Dindo Classification, see Table 4.2)[272, 273], length of hospital stay 

(full days), readmission rates (to any speciality), non-home discharge (defined as 

discharge to any place of residence other than the patient’s pre-operative place 

of residence) and discharge with a higher level of social care requirement (defined 

as any increase in formal social care package requirement).  

 

I performed all aspects of data collection for 30-day follow up periods. 

Participants recruited to the FAVOUR study will undergo an additional 1-year 

follow-up, these data are not yet complete and will not be presented in this thesis. 
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Table 4.2 - Summary of Clavien-Dindo grading of post-operative morbidity. Table modified 
from Clavien et al.[273] 

 Grades Definition Modes of therapy 
I Any deviation from normal 

postoperative course 
No additional pharmacological or 
operative interventions were required 
beyond those routinely required in 
postoperative care. Acceptable 
therapeutic regimens include 
pharmaceutical agents like anti-
emetics, anti-pyretics, analgesics, 
diuretics, electrolyte replacement and 
physiotherapy. This grade includes 
simple wound infections and/or small 
abscess requiring incision at bedside. 

II Normal course altered Pharmacological management 
additional to those described in grade 
I. Blood transfusions and total 
parenteral nutrition are included in 
this grade. 

III Complications requiring 
interventions 

Subclassified into: 
Grade IIIa – Interventions performed 
under local anaesthetic. 
Grade IIIb – Interventions requiring 
general or regional anaesthetic. 

IV Life threatening 
complications (including 
CNS complications), 
requiring intensive care 
unit support 

Subclassified into: 
IVa – Single organ dysfunction 
(including dialysis). 
IVb – Multi-organ dysfunction. 

V Death N/A 
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4.3.6 Baseline assessments 

Baseline characteristics were collected, including patient demographics (sex, age, 

social deprivation status according to the Scottish Index of Multiple 

Deprivation[274] and vascular diagnosis), social/functional circumstances 

(defined as: independent, informal care by relatives or friends, formal care 

package with frequency of visits or care home resident), number of medications 

and polypharmacy (defined as ≥ 5 medications) and relevant comorbidities to 

calculate a Charlson comorbidity Index, the latter being one of the most 

extensively studied comorbidity indexes for predicting mortality.[275, 276]  

 

4.3.7 Participant timeline 

Participants eligible for study recruitment were identified on the day they 

attended clinic by review of electronic health care records and application of the 

inclusion and exclusion criteria. Due to the urgent nature of the referrals, patients 

(and their proxy, if present) were approached, recruited, baseline data collected 

and frailty assessments completed, all on the day of attending their clinic 

appointment, Figure 4.1. No ongoing participant participation was required for 

this study and all follow-up was conducted through accessing electronic health 

care records. 
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Figure 4.1 - Summary of patient timeline and study methodology.Figure is as presented in Welsh et al.[260]  
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4.3.8 Sample size 

As this was primarily a study of feasibility, part of the primary aim involved 

describing the number of assessments possible to complete within a fixed 

timeframe. For this reason, a power calculation was not performed.[277] 

 

4.3.9 Recruitment 

Patient recruitment ran between March and July 2023. Prospective patients were 

approached for study recruitment by myself upon registering for their clinic 

appointment. If expressing interest, they received a participant information 

sheet. Patients were required to complete their clinic appointments (where their 

medical care remained unaffected by (non-)participation in this study) prior to 

participating in the study. Prospective participants were re-approached at the end 

of their clinic appointment to confirm willingness to participate and provide 

written consent. Thereafter, frailty assessments were completed by the patient. 

Where a patient attended with a suitable proxy, they were approached in an 

identical fashion on the condition the patient provided written consent for this. 

Where a patient was eligible for participation, but a proxy was ineligible or 

declined participation, the patient was recruited without proxy contribution. 

Where the patient was not eligible for participation, the proxy was not invited to 

participate on their behalf. Staggering the consent process by approaching the 

patient either side of their clinic appointment maximised the time for the patients 

to consider their recruitment. It was recognised that ideally patients should have 

a period of at least 24 hours[278] with a patient information sheet prior to study 

recruitment however, due to the emergent nature of the clinic and the presenting 

pathology, this was not considered to be achievable. The clinician and research 

team completed frailty assessments at the end of each clinic to minimise the 

disruption of the clinic and reduce bias in care provision. 
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4.3.10 Data collection  

I performed all aspects of data collection. Data was collected both in person and 

by review of electronic health care records. On the day of recruitment, frailty 

assessments were performed in the clinic and collected on relevant paper based 

CRFs. On the same day, I reviewed the electronic health care records of recruited 

patients and extracted data for baseline demographics to an electronic data 

extraction template. All electronic follow-up was extracted to the same electronic 

data extraction template. Feasibility parameters were also collected and stored 

on the same electronic data extraction template, on the day of each clinic. 

 

4.3.11 Data management 

Data management, processing and handling was conducted in line with General 

Data Protection Regulation principles (EU 2016/679). The research team allocated 

pseudonymised participant identification numbers, removing and securely 

destroying any personal identifiable information from paper based CRFs before 

transcription to the electronic data extraction template for storage. Transcribed 

data underwent quality control by another researcher. This was performed by the 

second researcher reviewing 20 CRFs against the transcribed data extraction 

template. This saw an error margin of <0.001% inconsistencies in transcribed data 

which was considered acceptable, so quality control of remaining transcribed data 

was not performed. Data for baseline demographics and electronic follow up was 

extracted and stored on Excel Version 2304. Data was not shared with third parties 

for the purpose of data analysis or write-up. 

 

4.3.12 Statistical methods 

Most data were analysed using IBM SPSS Statistics v25. Where SPSS did not have 

available software for statistical calculation (Delong method: see section 

4.3.12.3), MedCalc v22.023 was used instead. A p value < 0.05 was considered 

significant. There was no imputation of missing data. Patients with missing data 
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had this coded and available data was included in analysis. To facilitate head-to-

head comparisons, patients were categorised into dichotomous categories of 

‘frail’ and ‘robust’. Table 4.3Error! Reference source not found. sets out the 

criteria according to each frailty assessment instrument. If the assessment score 

is greater or equal to the threshold value, the patient is categorised as frail. Where 

the assessment score is less than this value, patients are categorised as robust. 

Table 4.3 - Frailty definitions for instruments used in FAVOUR study. 

Instrument Robust Frail Comment 
CFS CFS: <5 CFS: 5+  
ICE ‘No’ ‘Yes’  
HIS FRAIL 
tool 

≤1/5 variables 
present 

≥2/5 
variables 
present 

Five variables scored as 
‘yes’, ‘no’ or ‘unsure’. Each 
variable recorded as present 
scores 1 point. A score of 
‘unsure’ was treated as ‘no’ 
and given a value of 0 for the 
purpose of analysis 

11-mFI ≤2/11 
variables 
present 

≥3/11 
variables 
present 

 

FiND C+D+E = 0 C+D+E ≥1 Five binary categories (A-E), 
if present a score of 1 is 
given per variable. Where no 
variables are present the 
patient is considered robust. 
Where a patient scores for 
categories A or B only, they 
are considered ‘disabled’ 
and where the patient scores 
in categories C-E, they are 
considered frail. Patients can 
be categorised as frailty 
positive and disability 
positive concurrently.  
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4.3.12.1 Baseline demographics  

Baseline demographics were reported using descriptive statistics, including: 

percentages, ranges, means and standard deviations or medians and interquartile 

ranges. Bivariate comparisons between groups were made using chi-squared tests 

for categorical data and t-tests for normally distributed continuous data. To assess 

if patients recruited to the FAVOUR study were representative of the patient 

population attending the vascular hot clinic, demographic data were compared to 

a database from an internal audit project (conducted at Queen Elizabeth 

University Hospital), containing data on unselected cohort of all patients (n = 428) 

attending the vascular hot clinic between January – June 2021. 

 

4.3.12.2 Feasibility parameters: Interrater reliability (results presented in 
Chapter 5) 

Interrater reliability was calculated using Cohen’s Kappa coefficient, with the 

following pre-defined categories: ≤ 0.4 = poor, 0.41 - 0.6 = moderate, 0.61 - 0.8 

= good and ≥ 0.81 = excellent.[279] Bland-Altman plots were also used for direct 

comparison with linear regression to assess for the presence of proportional 

bias.[280]  

 

4.3.12.3 Feasibility parameters: Convergent validity (results presented in 
Chapter 5) 

As mentioned earlier, the CFS was selected as reference standard in this study. 

Specifically, clinician CFS (cCFS) scores were selected over patient self-assessed 

CFS scores as participating clinicians were requested to complete online training 

in the use of the instrument prior to study commencement. To compare 

agreement between tools, a variety of statistical methods were adopted, 

including: receiver operating characteristic (ROC) curves with area under curve 

(AUC) analysis, spearman’s rank statistical analysis and Cohens Kappa coefficient 

analysis. For ROC analysis, the following AUC cut-offs were employed: < 0.7 = 

poor/inadequate, 0.7 – 0.79 = moderate, 0.8 – 0.89 = good and ≥ 0.9 = excellent 
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predictive accuracy.[281] To compare AUC, the Delong method was used with 

MedCalc software.[282] Test sensitivity and specificity were also reported with 

the following defined cut-offs: < 70% = poor/inadequate, 70 - 79% = acceptable, 

80 – 89% = good, ≥ 90% = excellent.[283] For Spearman’s rank the following cut-

offs were accepted: 0.1-0.49 = low, 0.5-0.69 = medium, 0.7-0.89 = high, >0.89 = 

excellent.[284] The cut-offs for Cohens Kappa coefficient analysis were as 

described in section 4.3.12.2: Feasibility parameters: Interrater reliability. Post-

hoc analysis was also performed to assess the correlation between co-morbidity 

measure CCI and frailty assessment instruments. 

 

4.3.12.4 Follow-up data (results presented in Chapter 6) 

Bivariate comparisons between groups were made using Chi Square test for 

categorical data. For continuous data, parametric comparisons were performed 

using student’s T test and non-parametric data were analysed by Mann-Whitney U 

test. Receiver Operator Characteristic (ROC) curves were calculated with area 

under the curve (AUC) analysis to compare how well each instrument 

discriminated outcome events in operatively managed patients. The same ROC 

cut-offs defined in 4.3.12.3 were applied.[281] We calculated both unadjusted 

and adjusted predictive values, adjusting for age and sex. Subgroup analysis of 

patients diagnosed and treated for critical limb threatening ischaemia (CLTI) only 

was also performed and are presented in Appendix 9. Additionally, post-hoc 

descriptive analysis of the constituents of FiND with CLTI patients was performed 

to assess the prevalence of mobility issues in this patient population. 
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4.3.13 Data monitoring 

This observational cohort study was not subject to a data monitoring or trial 

management committee. The study might have been subject to study monitoring 

visits and subsequent monitoring reports which would have been conducted and 

reviewed in accordance with a study-specific monitoring plan devised by the study 

sponsor. The sponsor audits a randomly selected 10% of studies conducted under 

the Research Governance Framework per annum, as well as those identified using 

a risk assessment tool as specifically requiring assessment.  

 

4.3.14 Harm 

There were no adverse events anticipated to occur secondary to the intervention 

applied in this study. For this reason, no ancillary and post-study care was 

designed. 

 

4.3.15 Patient and public involvement 

A group of five non-medically trained adult volunteers (aged 25 – 65 years) 

contributed toward the study design through acting as participants and piloting 

relevant questionnaires (CFS and FiND). All  volunteers took less than five minutes 

to complete both questionnaires, without requiring assistance. There was no 

further involvement in the development of this study by patients or the public. 

Patients were not contacted directly with the results of this study however my 

contact details (as Primary Investigator) were supplied to participants so that they 

could request information on study progress/results as they become available.  
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4.4 Ethics 

4.4.1 Research ethics approval 

This study was sponsored by NHS Greater Glasgow & Clyde (Research & Innovation 

reference UGN23CE014) and received a favourable opinion by the London – 

Riverside Research and Ethics Committee (23/PR/0062). This study was performed 

according to the Research Governance Framework for Health and Community Care 

(Second edition, 2006) and WORLD MEDICAL ASSOCIATION DECLARATION OF 

HELSINKI Ethical Principles for Medical Research Involving Human Subjects 1964 

(as amended).  

 

4.4.2 Amendments 

No amendments were made to this protocol. In the instance where amendments 

were felt necessary, the protocol would have been submitted to the IRAS 

Amendment Portal to the responsible ethics committee and/or NHS GG&C 

Research & Innovation for review. Changes would only be implemented following 

the approval of proposed amendments by the original reviewing Research and 

Ethics Committee and Greater Glasgow & Clyde Health Board Research and 

Innovation office. All protocol amendments would have been appropriately stored, 

cited and explained in future manuscripts. 

 

4.4.3 Consent 

I was responsible for obtaining informed written consent from participants. For 

this, participant information sheets (PIS) were provided to all prospective 

participants as well as conducting an informed discussion detailing study design, 

confidentiality and rights to withdraw. My contact details were supplied in the PIS 

which participants were pointed to, and encouraged to make contact with any 

questions, concerns or if wishing to withdraw. A copy of the consent form was also 

provided for participants to keep, see Appendix 7. 
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4.4.4 Confidentiality 

Participant confidentiality was upheld through participant pseudonymisation 

during data collection. To endorse data minimisation, only data relevant for the 

described outcome measures were collected and stored. Consent forms and 

pseudonymised paper based CRFs are being stored separately in locked filing 

cabinets, accessible only by the research team. Electronic data were extracted 

and stored on Excel Version 2304 with personal and research generated data 

stored on separate databases on different servers. Research data storage complies 

with the University of Glasgow’s data retention policy.  

 

4.4.5 Access to data 

Only members of the core research team have access to the final dataset with the 

exception of review by sponsors to ensure proper study conduct. Data was not 

shared with third parties for analysis or write-up.  

 

4.4.6 Funding and competing interests statements 

The study was conducted as part of a clinical research fellowship. This fellowship 

is jointly funded by the Royal College of Physicians and Surgeons of Glasgow and 

the Circulation Foundation. This research received no specific grant from any 

funding agency in the public, commercial or not-for-profit sectors. Authors 

declare no conflict of interest or further financial disclosures. 
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4.5 Discussion 

4.5.1 Clinical relevance of study 

Frailty-centric adaptations to established clinical service models are crucial as the 

anticipated demographic changes associated with an ageing population means it 

is likely frailty, with its inherent clinical and financial implications, will become 

increasingly commonplace.[1] The abundance of frailty assessment tools 

demonstrated in Chapter 3 has confirmed the prognostic value of frailty and 

guidelines advocating the importance of its recognition in clinical practice now 

exist.[4] However, a relative lack of evidence in measurements of feasibility and 

suitability of frailty assessment in clinical practice, or head to head comparisons 

of tools, has contributed toward a delay in uptake of guidelines.[261] For this 

reason, the prospective assessment of frailty in a reproducible and controlled 

vascular outpatient department environment has been identified as a key area of 

research interest which the study presented in this chapter targets.[1, 261]  

 

The study presented in this chapter builds on current evidence through including 

and comparing a greater number of commonly used frailty assessment tools that 

have been specifically selected for their format (assessing frailty according to 

different theories of frailty), relevance (based on clinician familiarity and 

compliance with guidance from local healthcare governance) and anticipated 

rapid time to complete, making them suitable for application in busy outpatient 

department settings.  By incorporating measurements of prognostic value, it is 

anticipated the data generated by this study will bear direct clinical relevance 

and will contribute toward the generation of evidence based recommendations 

for an optimum standardised and reproducible approach to diagnosing frailty in 

an outpatient setting. 
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4.5.2 Current evidence and its limitations 

From the 5358 references screened in the systematic review in Chapter 3, I 

identified only four relevant studies prospectively assessing frailty in a vascular 

surgery outpatient setting.[90] One compared the correlation between clinician-

assessed CFS scores and patient reported outcome measures of frailty (including 

FiND and patient-reported outcome measurement information systems v1.2 and 

v2.0) and its effect on 1-year mortality.[136] Another examined the effect of 

frailty as assessed by the Groningen Frailty Indicator on postoperative 

delirium.[167] One study used the Fried frailty index to compare the effect of 

frailty status on gait parameters in patients with peripheral arterial disease 

compared to control[72], while the last study examined the association of grip 

strength as a marker of frailty with measures of sarcopenia and co-morbidity.[168] 

The research impact of the results from these studies are limited by a paucity in 

feasibility measurements and direct comparison between selected tools. 

 

4.5.3 Strengths and limitations of this study 

The primary aim of this study, exploring the feasibility and suitability of routine 

frailty assessment in clinical practice, is novel within vascular surgery. The major 

strength in this study was the prospective and longitudinal design. The study 

design and inclusion of all consultant vascular surgeons working in a ‘hub’ site, 

acted as a real world example of typical vascular surgery services in the United 

Kingdom promoting generalisability of the study results. Clinical relevance and 

research impact were further enhanced through this study incorporating 

measurements of prognostic value as well as direct head-to-head comparison of 

frailty assessment tools, enabling clinicians and policy makers to design evidence-

based frailty-centric clinical service adaptations. Limitations to this study are 

acknowledged: although the setting is based in a vascular ‘hub’ site serving several 

NHS health boards, this is a single-centre study which excludes patients who lack 

capacity (e.g., dementia), which may affect the generalisability of results. 
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Chapter 5 FAVOUR study results: feasibility 
measures and clinimetric properties  

5.1 Chapter summary 

Chapter 4 presented the rationale for, and methodological approach to, the 

FAVOUR study. This chapter presents the preliminary results from the FAVOUR 

study, specifically participant demographics, feasibility of assessment 

parameters, and the clinimetric properties of selected frailty assessment 

instruments, with the view to answering research questions 2a (what is the 

feasibility of routinely measuring frailty in an outpatient setting) and 2b (how do 

clinimetric properties of frailty assessment tools compare in prospective frailty 

assessment). 
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5.2 Introduction 

Despite growing research attention around frailty, there is a described immaturity 

in the published evidence, which has challenged the translation of research 

findings into clinical practice and healthcare policy.[263, 264] The work presented 

in Chapter 3 identified no less than 43 different frailty assessment instruments in 

vascular surgery related research, with ambiguity on how these instruments are 

best applied and limited data on how these instruments perform in a clinical 

setting.[90] Further, despite the abundance of available frailty assessment 

instruments demonstrating prognostic value, vascular surgeons and health care 

professionals have demonstrated a preference for relying on subjective means of 

assessment despite recognising a clinical importance of frailty.[261] This will be 

expanded upon in Chapter 7. 

 

An evidence gap has been identified and presented in Chapter 4. In this chapter I 

present data relevant to the feasibility and clinimetric considerations of assessing 

frailty in a vascular outpatient department.  

 

An appreciation of the accuracy and other properties of frailty tools is of more 

than academic interest. This data will inform clinicians and policy makers, 

assisting in considering the suitability of introducing routine frailty screening with 

the help of standardised tools in clinical environments. This will likely be 

associated with an improved understanding of the frailty concept, ultimately, 

enabling services to better meet the needs of the older adult vascular 

population.[263] 

 

Basing the study in vascular ‘hot clinic’ is an appropriate setting for a study of 

frailty screening tools. Identification of frailty early in the perioperative pathway 

should enable risk stratification, joint decision making and, with the support of 
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appropriate specialist input, syndrome modification, all of which should improve 

healthcare outcomes in the older adult population.[89]  

 

As discussed in Chapter 2, the prognostic value of frailty has been consistently 

demonstrated. Therefore, although the FAVOUR study examines prognostic value 

(see Chapter 6), the focus of this study was primarily on feasibility and comparison 

of tools rather than prognostic accuracy.  

 

5.2.1 Aim 

The aims of the FAVOUR study have been presented in Chapter 4. In brief, the 

primary aim of this study was to assess the feasibility of implementing routine 

frailty assessment for vascular patients in an outpatient setting and to compare 

clinimetric properties of selected frailty assessment instruments. This chapter 

aims to present the baseline data, including: 

 Details of the study population 

 Properties of the selected assessments  

 Assessing the feasibility of implementing routine frailty assessments into 
an urgent-referral vascular outpatient clinic setting.   



141 
 

5.3 Methods 

Comprehensive methodology has been summarised in Chapter 4 as well as in 

publication.[260] In brief, the FAVOUR study (NHS R&I reference UGN23CE014/REC 

reference 23/PR/0062/NCT06040658) is a non-randomised, single-centre 

observational cohort study with attendance at the acute vascular outpatient clinic 

‘hot clinic’ as inception point. The study has been reported in line with the 

guidance presented in the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) statement, appendix 10.[266]  

 

Due to restrictions in clinic space in the outpatient department patients and their 

proxy, when present, were required to complete the frailty assessments 

simultaneously, in the same room. Consequently, patient and proxy collaboration 

became challenging to consistently avoid, despite informing participants of the 

need for independent scoring. Often this occurred in the context of patients 

requesting assistance from their proxy for completing self-assessments. The 

decision was therefore made to abandon recruitment of proxies in favour of only 

recruiting patients. Where a patient required assistance (from research team or 

proxy), this was recorded. The data collected from proxies prior to discontinuing 

their recruitment, is detailed in section 4.3.12 Statistical methods, with proxy 

data presented separately in each respective section. This chapter therefore 

presents: 

 Feasibility data 

 Interrater reliability  

o Clinician versus patient 

o Clinician versus proxy 

o Patient versus proxy 
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 Convergent validity 

o Frailty assessment scores compared to clinician CFS 

o Proxy frailty assessment scores compared to clinician CFS 

 Assessment of correlation across all tools 

 Post-hoc analysis 

 

5.3.1 Statistical analysis 

Statistical methods for the data in this chapter have been presented in section 

4.3.12. Data were analysed using IBM SPSS Statistics v25. Where SPSS did not have 

available software for statistical calculation (Delong method: see 4.3.12.3), 

MedCalc v22.023 was used instead. A p value < 0.05 was considered significant.  
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5.4 Results 

5.4.1 Feasibility parameters 

From 30 clinics, over 5 months, there were 326 appointments of which 30 patients 

did not attend their appointment and 23 were ineligible after application of study 

inclusion and exclusion criteria. This meant the majority (n = 273, 84%) of patients 

attending clinics were eligible for study participation. From these, 173 (63%) were 

approached and 150 (87%) were successfully recruited, Figure 5.1. The 100 

patients that were not approached was due to inadequate time in the clinic 

scenario. There were no patient participants that requested discontinuation in 

study participation during recruitment period.  

 

From 150 recruited patient participants, 46 attended with a proxy and all were 

eligible for participation. Of these, 25 (54%) were approached for recruitment and 

22 (88%) agreed.  
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Figure 5.1 - FAVOUR patient participant recruitment flow diagram.  

326
appointments

273 (84%) eligible 
+ attended

100 (47%) 
unable to 
approach

173 (63%) 
approached

23 (13%)
declined

150 (87%) 
recruited

30 (9%) did 
not attend

23 (7%) 
Ineligible

- Previously recruited (n = 9) 

- Non-English without qualified 
translator (n = 6)

- Lack capacity/dementia (n = 5)
- Age < 18 years (n = 2)

- Previously declined participation
(n = 1)
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5.4.1.1 Clinician assessments 

From 150 participants, 94 (63%) assessments were performed by consultant 

vascular surgeons and 53 (35%) by vascular trainees. Three (2%) assessments were 

not completed by clinicians and instead required completion myself as researcher. 

Reasons for clinician non-completion included: lack of time (n=1), clinician forgot 

(n=1) or because the patient’s appointment was scheduled for vascular nurse 

specialist review only, with no clinician input required (n=1). Clinician 

assessments took a mean time of between 2 - 5.5 seconds to complete, with ICE 

being the quickest form of assessment, Table 5.1.  

 

5.4.1.2 Patient self-assessments 

All patient self-assessments were completed in full. The mean time (±SD) taken 

for patient-CFS (pCFS) and FiND completion was 67 (55.1) and 61 (43) seconds 

respectively. The majority of patients required assistance for completing the CFS 

(62%) and FiND (66%) assessments. Where assistance was required, this primarily 

took the form of hands-on assistance (CFS: 74% and FiND: 77%), Table 5.1. The 

reasons for requiring assistance were not formally recorded for this study, 

however typically the reasons included poor task comprehension and sensory 

impairment (most commonly visual disturbances).  

 

5.4.1.3 Proxy self-assessments 

A total of 22 proxies participated in FAVOUR before proxy recruitment was 

stopped. The mean (±standard deviation, SD) time to complete proxy CFS (prCFS) 

and FiND (prFiND) was 80 (55.9) and 71 (46.8) seconds respectively, Table 5.1. 

Although not documented, the longer time to completion typically occurred due 

to proxies offering assistance to patient participants. All prCFS were completed, 

one (5%) prFiND was not completed as patient did not notice the questionnaire 

within the CRF. Two (9%) proxies required verbal assistance with prCFS 
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completion. This is compared to 4 (18%) of proxies requiring verbal assistance with 

prFiND completion.  

 

5.4.1.4 Researcher assessment 

All mFI-11 assessments were completed, with assessments taking a mean (±SD) 

time of 46 (42) seconds to gather the relevant data from electronic health records, 

Table 5.1.  
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Table 5.1 - Feasibility parameters of frailty instruments in FAVOUR study. 

  

 Clinician assessment Patient assessment Researcher assessment Proxy assessment 

 cCFS ICE HIS FRAIL pCFS FiND mFI-11 prCFS prFiND 
Mean time 

(±SD), s 4.5 (3.9) 2.0 (2.8) 5.5 (4.5) 67.0 (55.1) 60.9 (42.6) 45.8 (41.6) 80 (55.9) 71 (46.8) 
Non-

completion (%) 3* (2%) 3* (2%) 3* (2%) 0 0 0 0 1* (5) 
Assistance 
required NA NA NA 93 (62) 99 (66) NA 2 (9) 4 (18) 

Verbal - - - 24 (26) 23 (23)  2 (9) 4 (18) 

Hands-on - - - 69 (74) 76 (77)  0 0 
cCFS – Clinician CFS score, pCFS – patient CFS score, ICE – initial clinical evaluation, HIS FRAIL – Healthcare Improvement ‘think frailty’ FRAIL assessment, 
FiND – Frail NonDisabled Questionnaire, 11-mFI – 11 item modified frailty index, SD – standard deviation. *Reasons for non-completion: lack of time 
(n=1), forgot (n =1), patient attended only for vascular nurse specialist review (n=1) and proxy did not notice the questionnaire (n=1). Clinician 
noncompletion of assessments were instead completed by researcher. NA – not assessed. 
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5.4.2 Participant baseline demographics 

From 150 recruited patient participants, there was a male preponderance (n = 93, 

62%) and a mean (±SD) age of 68 (±12) years. Most patients (n = 105, 70%) had no 

prior history of treatment for vascular pathology and the most common pathology 

was critical limb threatening ischaemia (CLTI) (n = 90, 61%). The majority of 

patients (n = 92, 61%) came from areas of greatest social deprivation (Scottish 

Index of Multiple Deprivation, SIMD scores 1 - 4). The patient cohort were 

comorbid, with mean (SD) CCI score of 5 (2.6), and most had polypharmacy (n = 

116, 77%), Table 5.2. 

 

The demographics for participants recruited to FAVOUR were compared to the 

demographic data for an unselected patient cohort attending hot clinic from a 

previous internal departmental audit, see section 4.3.12.1. From available 

comparisons, there were no significant differences between FAVOUR and internal 

audit demographics for male sex (n = 93, 62% vs. 259, 61%, p > 0.05), mean age ± 

SD in years (68±11.9 vs. 69±13.3, p > 0.05) or diagnosis code (p > 0.05), Table 5.3. 

The patient cohort selected for the FAVOUR study were therefore felt to be a fair 

representation of the patient population attending vascular outpatient 

department services. 
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Table 5.2 - FAVOUR patient participant demographics. 
 Total, n = 150 
Male (%) 93 (62) 
Mean age in years (SD) 68 (±12) 
Scottish Index of Multiple Deprivation, n (%) (Total n = 146) 

 

1 (most deprived) 36 (24) 
2 23 (15) 
3 14 (9) 
4 19 (13) 
5 8 (5) 
6 9 (6) 
7 8 (5) 
8 9 (6) 
9 11 (7) 
10 (least deprived) 9 (6) 

Diagnosis, n (%) 
 

Chronic Limb Threatening Ischaemia 91 (61) 
Carotid stenotic disease 18 (12) 
Chronic venous insufficiency 12 (8) 
Abdominal aortic aneurysm 3 (2) 
Acute limb ischaemia (digital) 6 (4) 
Mesenteric angina 1 (1) 
Miscellaneous vascular 9 (6) 
Miscellaneous non-vascular 10 (7) 

Number of medications, median (range) 10 (0-24) 
Polypharmacy, ≥ 5 repeat medications, n (%) 116 (77) 
Premorbid Residency Status, n (%) 

 

Independent 80 (53) 
Informal care (relatives/friends) 52 (34) 
Supported (homecare BD) 6 (4) 
Supported (homecare TDS) 2 (1) 
Supported (homecare QDS) 5 (3) 
Supported (unclear) 4 (3) 
Care home 1 (1) 

Previous Vascular Treatment, n (%) 
 

None 105 (70) 
Treatment > 6 months ago 30 (20) 
Treatment < 6 months 15 (10) 

Charlson Comorbidity Index, n (%) 
 

0 5 (3) 
1 3 (2) 
2 13 (9) 
3 12 (8) 
4 22 (15) 
5 22 (15) 
6 30 (20) 
7 16 (11) 
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8 10 (7) 
9 7 (5) 
10+ 10 (7) 

AAA – Abdominal aortic aneurysm, BD – bis in die/twice daily, TDS – ter die 
sumendum/three times daily, QDS – quarter die sumendum/four times daily. 
‘Miscellaneous vascular’ includes: neuropathic/stump pain (n = 4), Raynaud’s 
(n = 3), thrombophlebitis (n = 1), Achenbach syndrome (n = 1).  
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Table 5.3 - Comparison of demographics between FAVOUR and internal audit project. 

 Demographics 
 
Variable 

FAVOUR study 
(n = 150) 

Internal audit  
(n = 428) 

 
Statistics 

Male sex, n (%) 93 (62) 259 (61) χ2 (1, n=578) = 0.103, p=0.748 
Age (years), mean (SD) 68 (11.9) 69 (13.3) t (576) = -0.769, p=0.442 
SIMD Decile, mean (SD) 4 (2.9) NA NA 
Medication number, mean (SD) 7.9 (5.2) NA NA 
CCI score, mean (SD) 4.3 (2.2) NA NA 
Diagnosis    

Chronic limb threatening ischaemia, n 
(%) 

91 (61) 276 (65) χ2 (1, n=578) = 0.699, p=0.403 

Carotid stenotic disease, n (%) 18 (12) 34 (8) χ2 (1, n=578) = 2.232, p=0.135 
Chronic venous insufficiency, n (%) 12 (8) 30 (7) χ2 (1, n=578) = 0.162, p=0.688 
Abdominal aortic aneurysm, n (%) 3 (2) 7 (2) χ2 (1, n=578) = 0.087, p=0.768 
Acute limb ischaemia, n (%) 6 (4) 11 (3) χ2 (1, n=578) = 0.796, p=0.372 
Mesenteric angina, n (%) 1 (1) 4 (1) χ2 (1, n=578) = 0.093, p=0.760 
Miscellaneous vascular, n (%) 9 (6) 31 (7) χ2 (1, n=578) = 0.266, p=0.606 
Miscellaneous non-vascular, n (%) 10 (7) 35 (8) χ2 (1, n=578) = 0.353, p=0.552 

SIMD – Scottish Index of Multiple Deprivation, CCI – Charlson comorbidity Index, NA – Not available. *: p<0.05, **: p<0.001. 

 

  



152 
 

5.4.3 Demographics by frailty assessment 

This section compares patient participant demographics by frailty status when 

different frailty assessment tools were applied. There was variation in detected 

prevalence when applying the different tools when compared to reference 

standard, Table 5.4. FiND, when performed by both patient and proxy, diagnosed 

the greatest prevalence of frailty (n = 122, 81% and n = 19, 90% respectively). 

Proxy frailty assessments were also associated with a greater diagnosis of frailty 

compared to patient self-assessment and clinician assessment, as observed by 

prCFS of 64% (n = 14) compared to cCFS of 49% (n = 74) and pCFS of 43% (n = 65).  

Table 5.4 - Prevalence of frailty by instrument 

Instrument 
Frailty prevalence, n (%) 
[95% confidence interval] 

Prevalence compared to 
reference standard (cCFS) 

cCFS 74 (49) [41-57] - 
ICE 85 (57) [49-64] χ2 (1, n=150) = 104.830, p<0.001** 
HIS FRAIL 64 (43) [35-51] χ2 (1, n=150) = 54.838, p<0.001** 
pCFS 65 (43) [36-51] χ2 (1, n=150) = 21.087, p<0.001** 
mFI-11 88 (59) [51-66] χ2 (1, n=150) = 12.327, p<0.001** 
FiND 122 (81) [74-87] χ2 (1, n=150) = 5.937, p=0.015* 
prCFS 14 (64) [45-83] χ2 (1, n=22) = 1.010, p=0.315 
prFiND 19 (90) [71-97] χ2 (1, n=21) = 1.360, p=0.243 
cCFS – Clinician CFS score, pCFS – patient CFS score, ICE – initial clinical evaluation, HIS 
FRAIL – Healthcare Improvement ‘think frailty’ FRAIL assessment, FiND – Frail 
NonDisabled Questionnaire, 11-mFI – 11 item modified frailty index, *: p<0.05, **: 
p<0.001 

 

Excepting proxy frailty assessments, all other assessments (five instruments) 

observed a significant relationship between comorbidity, as defined by CCI, and a 

frailty positive state. Sections 5.4.3.1-5.4.3.8 expand on observed differences. 

 

5.4.3.1 Demographics by clinician CFS (cCFS) assessment 

Clinician assessed CFS (cCFS) score is considered as reference standard assessment 

tool by this study. Patient characteristics are summarised according to robust and 

frail status, as defined by cCFS, in Table 5.5. A cCFS assessment diagnosed 74 

(49%) of participants as frail, a lower prevalence than ICE, HIS FRAIL and FiND 



153 
 

assessments. Comparing frail patients to robust counterparts, frail patients were 

significantly more likely to be older (mean age 72 ± 10 vs. 63 ± 12 years, p < 0.01), 

have greater degree of polypharmacy (mean medication number of 11 ± 5 vs. 8 ± 

5, p < 0.01) and have more comorbidities according to the CCI (6.5 ± 2.4 vs. 4.3 ± 

2.2), p < 0.01).  

 

5.4.3.2 Demographics by ICE assessment 

Patient characteristics are summarised according to robust and frail status, as 

defined by ICE assessment, in Table 5.6. Clinician ICE assessment diagnosed frailty 

in 85 (57%) participants. As previously mentioned, frail patients had an increased 

number of comorbidities compared to robust counterparts, according to CCI (6.3 

± 2.3 vs. 4.1 ± 2.3, p < 0.001). Clinicians were more likely to perceive men as 

robust (30% vs. 32%, p < 0.05). 

 

5.4.3.3 Demographics by HIS FRAIL assessment 

Patient characteristics are summarised according to robust and frail status, as 

defined by HIS FRAIL assessment, in Table 5.7. HIS FRAIL assessment diagnosed 

the lowest prevalence of frailty from all assessments, with 64 (43%) of patients 

considered frail. As previously mentioned, frail patients had an increased number 

of comorbidities compared to robust counterparts, according to CCI (6.4±2.5 vs. 

4.6±2.4, p<0.001). 

 

5.4.3.4 Demographics by patient CFS (pCFS) assessment 

Patient characteristics are summarised according to robust and frail status, as 

defined by pCFS assessment, in Table 5.8. Patient self-assessment with CFS 

diagnosed a similarly low prevalence of frailty to HIS FRAIL, with 65 (43%) of 

patients considering themselves frail. As previously mentioned, frail patients had 
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an increased number of comorbidities compared to robust counterparts, according 

to CCI (6.3 ± 2.5 vs. 4.7 ± 2.4, p < 0.001).  

 

5.4.3.5 Demographics by mFI-11 assessment 

Patient characteristics are summarised according to robust and frail status, as 

defined by mFI-11 assessment, in Table 5.9. An mFI-11 assessment diagnosed the 

second greatest prevalence of frailty, with 88 (59%) of participants categorised as 

frail. Patients diagnosed as frail, as defined by mFI-11, were more likely to be 

older (mean age ± SD of 70 ± 9.8 vs. 64 ± 13.7, p < 0.05) and have a greater number 

of medications (mean number ± SD of 12 ± 4.5 vs. 5.8 ± 2.8, p < 0.001). In contrast, 

to other frailty assessment tools, the mean (± SD) total CCI score was higher in 

robust (5.9 ± 2.8) compared to frail counterparts (5.0 ± 2.4), p < 0.05.  

 

5.4.3.6 Demographics by FiND assessment 

Patient characteristics are summarised according to robust and frail status, as 

defined by FiND assessment, in Table 5.10. A FiND assessment diagnosed the 

greatest prevalence of frailty, with 122 (81%) of participants categorised as frail. 

As previously mentioned, frail patients had an increased number of comorbidities 

compared to robust counterparts, according to CCI (6.0 ± 2.4 vs. 4.0 ± 2.7, p < 

0.05). Further, male patients were more likely to score themselves as frail (n=71, 

47%) than robust (n=22, 15%), χ2 (1, n=150) = 4.013, p=0.045. 

 

5.4.3.7 Demographics by proxy CFS (prCFS) assessment 

Patient characteristics are summarised according to robust and frail status, as 

defined by proxy CFS assessment, in Table 5.11. Twenty-two assessments were 

completed, no significant differences in demographic data were observed.  
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5.4.3.8 Demographics by proxy FiND (prFiND) assessment 

Patient characteristics are summarised according to robust and frail status, as 

defined by proxy CFS assessment, Table 5.12. Twenty-one assessments were 

completed and no significant differences in demographic data were observed. 
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Table 5.5 - Participant demographics according to cCFS frailty status. 

 Frailty status by clinician CFS score 
 
Variable 

Robust (CFS: 1-4), 
n = 76 (51%) 

Frail (CFS: 5+), 
n = 74 (49%) 

 
Statistics 

Male sex, n (%) 46 (31) 47 (31) χ2 (1, n=150) = 0.142, p=0.706 
Age (years), mean (SD) 63 (12.3) 72 (9.6) t (141.5) = -5.152, p<0.001** 
SIMD Decile, mean (SD) $ 4 (2.9) 4 (3.1) t (141.8) = 1.119, p=0.265 
Medication number, mean (SD) 7.9 (5.2) 11.0 (5.0) t (148.0) = -3.757, p<0.001** 
CCI score, mean (SD) 4.3 (2.2) 6.5 (2.4) t (148.0) = -6.045, p<0.001** 
CFS – Clinical Frailty Scale, SIMD – Scottish Index of Multiple Deprivation, CCI – Charlson comorbidity Index, *: p<0.05, **: p<0.001. $ - n = 
146 participants, otherwise no missing data. 
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Table 5.6 - Participant demographics according to ICE frailty status. 

  Frailty status by ICE score  
  
Variable  

Robust (‘not frail’),  
n = 65 (43%)  

Frail (‘frail’),  
n = 85 (57%)  

  
Statistics  

Male sex, n (%)  48 (32)  45 (30) χ2 (1, n=150) = 6.832, p=0.009*  
Age (years), mean (SD)  69.4 (11.4)  66.5 (12.3)  t (148) = 1.501, p=0.136  
SIMD Decile, mean (SD)$  3.9 (2.9)  4.4 (3.0)  t (144) = -0.869, p=0.386  
Medication number, mean (SD)  9.7 (5.2)  9.2 (5.4)  t (148) = 0.553, p=0.581  
CCI score, mean (SD)  4.1 (2.3)  6.3 (2.3)  t (148) = -5.747, p<0.001**  
ICE – Initial Clinical Evaluation, SIMD – Scottish Index of Multiple Deprivation, CCI – Charlson comorbidity Index. *: p < 0.05, **: p < 0.001. $ - n = 
146 participants, otherwise no missing data. 
  



158 
 

Table 5.7 - Participant demographics according to HIS FRAIL frailty status. 

  Frailty status by HIS FRAIL score  
  
Variable  

Robust (score≤1),  
n = 86 (57%)  

Frail (score≥2),  
n = 64 (43%)  

  
Statistics  

Male sex, n (%)  58 (39)  35 (23)  χ2 (1, n=150) = 2.534, p=0.111  
Age (years), mean (SD)  68.6 (11.3)  66.5 (12.8)  t (148) = 1.503, p=0.294  
SIMD Decile, mean (SD)$  4.2 (3.1)  4.2 (2.9)  t (144) = -0.131, p=0.896  
Medication number, mean (SD)  9.5 (5.1)  9.3 (5.7)  t (148) = 0.271, p=0.787  
CCI score, mean (SD)  4.6 (2.4)  6.4 (2.5)  t (148) = -4.304, p<0.001**  
HIS FRAIL – Healthcare Improvement Scotland FRAIL assessment, SIMD – Scottish Index of Multiple Deprivation, CCI – Charlson comorbidity Index. 
*: p < 0.05, **: p < 0.001. $ - n = 146 participants, otherwise no missing data. 
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Table 5.8 - Participant demographics according to patient CFS frailty status. 

  Frailty status by patient CFS score  
  
Variable  

Robust (CFS: 1-4),  
n = 85 (57%)  

Frail (CFS: 5+),  
n = 65 (43%)  

  
Statistics  

Male sex, n (%)  54 (36)  39 (26)  χ2 (1, n=150) = 0.195, p=0.659  
Age (years), mean (SD)  69 (12.3)  66 (11.3)  t (148) = 1.243, p=0.216  
SIMD Decile, mean (SD)$  4 (2.9)  4 (3.1)  t (144) = 0.168, p=0.866  
Medication number, mean (SD)  9.8 (5.3)  9.0 (5.3)  t (148) = 0.968, p=0.335  
CCI score, mean (SD)  4.7 (2.4)  6.3 (2.5)  t (148) = -3.967, p<0.001**  
CFS – Clinical Frailty Scale, SIMD – Scottish Index of Multiple Deprivation, CCI – Charlson comorbidity Index. *: p < 0.05, **: p < 0.001. $ - n = 146 
participants, otherwise no missing data. 
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Table 5.9 - Participant demographics according to mFI-11 frailty status. 

  Frailty status by mFI-11 score  
  
Variable  

Robust (score≤2),  
n = 62 (41%)  

Frail (score≥3),  
n = 88 (59%)  

  
Statistics  

Male sex, n (%)  36 (58) 57 (64) χ2 (1, n=150) = 0.695, p=0.405  
Age (years), mean (SD)  64 (13.7) 70 (9.8) t (148) = -3.113, p=0.002*  
SIMD Decile, mean (SD)$  4.6 (2.9) 3.9 (3.0) t (144) = 1.445, p=0.151  
Medication number, mean (SD)  5.8 (4.0) 12.0 (4.5) t (148) = -8.852, p<0.001**  
CCI score, mean (SD)  5.9 (2.8) 5.0 (2.4) t (148) = 2.113, p=0.037*  
mFI-11 – 11-item modified Frailty Index, SIMD – Scottish Index of Multiple Deprivation, CCI – Charlson comorbidity Index. *: p < 0.05, **: p < 0.001. 

$ - n = 146 participants, otherwise no missing data.  
  



161 
 

Table 5.10 - Participant demographics according to FiND frailty status. 

  Frailty status by FiND score  
  
Variable  

Not frail (C+D+E=0),  
n = 28 (19%)  

Frail (C+D+E≥1),  
n = 122 (81%)  

  
Statistics  

Male sex, n (%)  22 (15)  71 (47)  χ2 (1, n=150) = 4.013, p=0.045*  
Age (years), mean (SD)  71.2 (9.8)  66.9 (12.3)  t (148) = 1.730, p=0.086  
SIMD Decile, mean (SD)$  3.9 (2.6)  4.3 (3.1)  t (144) = -0.566, p=0.572  
Medication number, mean (SD)  9.4 (5.2)  9.5 (5.3)  t (148) = -0.084, p=0.933  
CCI score, mean (SD)  4 (2.7)  6 (2.4)  t (148) = -3.234, p=0.002*  
FiND – Patient Frail NonDisabled Questionnaire, SIMD – Scottish Index of Multiple Deprivation, CCI – Charlson comorbidity Index. *: p < 0.05, **: p < 
0.001. $ - n = 146 participants, otherwise no missing data. 
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Table 5.11 - Participant demographics according to proxy CFS frailty status. 

 Frailty status by proxy CFS score 
 
Variable 

Robust (CFS: 1-4), 
n = 8 (36%) 

Frail (CFS: 5+), 
n = 14 (64%) 

 
Statistics 

Male sex, n (%) 7 (32) 10 (45) χ2 (1, n=22) = 0.749, p=0.387 
Age (years), mean (SD) 73 (9.4) 72 (9.4) t (20) = 0.381, p=0.707 
SIMD Decile, mean (SD) $ 7 (3.5) 5 (3.0) t (20) = 1.179, p=0.252 
Medication number, mean (SD) 8.9 (3.3) 11.5 (5.2) t (20) = -1.292, p=0.211 
CCI score, mean (SD) 5.5 (2.3) 5.9 (2.1) t (20) = -0.444, p=0.662 
CFS – Clinical Frailty Scale, SIMD – Scottish Index of Multiple Deprivation, CCI – Charlson comorbidity Index. *: p < 0.05, **: p < 0.001. $ - n = 
146 participants, otherwise no missing data. 
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Table 5.12 - Participant demographics according to proxy FiND frailty status. 

 Frailty status by proxy FiND score 
 
Variable 

Not frail (C+D+E=0),  
n = 2 (10%)  

Frail (C+D+E≥1),  
n = 19 (90%)  

 
Statistics 

Male sex, n (%) 2 (10) 14 (67) χ2 (1, n=21) = 0.691, p=0.406 
Age (years), mean (SD) 73 (12.7) 72 (9.4) t (19) = 0.140, p=0.890 
SIMD Decile, mean (SD) $ 4 (3.5) 6 (3.1) t (19) = -1.046, p=0.309 
Medication number, mean (SD) 9.0 (5.7) 10.4 (4.6) t (19) = -0.397, p=0.696 
CCI score, mean (SD) 6.0 (2.8) 5.7 (2.2) t (19) = 0.158, p=0.876 
FiND – Frail NonDisabled Questionnaire, SIMD – Scottish Index of Multiple Deprivation, CCI – Charlson comorbidity Index. *: p < 0.05, **: p < 
0.001. $ - n = 146 participants, otherwise no missing data. 
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5.4.4 Interrater reliability between clinician and patient 
assessment 

5.4.4.1 Clinician and patient CFS comparison 

In considering CFS scores ≥ 5 as frail, clinicians categorised 74 (49%) patients as 

frail. In comparison, patients self-assessment diagnosed a lower prevalence of 

frailty, with 65 (43%) considered frail, Table 5.4. The interrater reliability 

between patient and clinician CFS scores was poor, Kappa 0.162, p < 0.001. Using 

Bland Altman analysis, the mean difference was -0.11 with a standard deviation 

of 1.48 indicating similarity in scores, Figure 5.2. However, the 95% limits of 

agreement  were broad (-3.0 to 2.8) and there are outliers, suggesting variability 

in measurements. Using linear regression, mean difference = -0.282, standard 

error = 0.80, p = 0.001. This indicates proportional bias with greater disagreement 

between scores toward the higher end of the scale with a negative skew, 

suggesting patients with greater cCFS scores tended to score themselves as more 

robust (mode pCFS Score of 4 vs. mode cCFS score of 6). 

 

Figure 5.2 - Bland Altman plot representing clinician and patient CFS agreement. 



165 
 

5.4.5 Interrater reliability between proxy assessments 

5.4.5.1 Clinician and proxy CFS comparison 

The interrater reliability between clinician and proxy CFS score was poor although 

failed to reach statistical significance in the context of small recruitment 

numbers, Kappa 0.214, p = 0.315. Bland Altman plot demonstrates no evidence of 

proportional bias with a degree of variability as observed by broad limits of 

agreement and some outliers, mean difference -0.273, SD 1.55 and 95% limits of 

agreement between -3.3 and 2.8, Figure 5.3. Linear regression demonstrated 

similarity in scores with a mean difference = 0.108, standard error = 0.276, and 

no proportional bias (p = 0.700).  

 
Figure 5.3 - Bland Altman plot representing clinician and proxy CFS agreement. 
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5.4.5.2 Proxy and patient CFS comparison 

Proxy and patient CFS scores demonstrated good interrater reliability, Kappa 

0.713, p = 0.001. Results must be interpreted with caution in the context of 

smaller recruited number of proxies. Bland Altman plot demonstrates no evidence 

of proportional bias with a degree of variability as observed by broad limits of 

agreement and some outliers, mean difference = -0.500, SD 0.74 and 95% limits of 

agreement between -1.95 and 0.95, Figure 5.4. Linear regression demonstrated 

similarity in scores (unstandardised coefficient beta) with a mean difference of -

0.047, SE = 0.124 and no proportional bias (p = 0.708). 

 
Figure 5.4 - Bland Altman plot representing proxy and patient CFS agreement. 
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5.4.5.3 Proxy and patient FiND comparison 

In comparing patient and proxy FiND assessments, the interrater reliability was 

poor, Kappa 0.173, p = 0.361, as the prevalence of frailty according to proxy 

assessment was greater than patient self-assessment. Results must be interpreted 

with caution in the context of smaller recruited number of proxies. Bland Altman 

analysis has not been performed for dichotomous data.  
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5.4.6 Convergent validity of frailty assessment instruments 
compared to clinician CFS 

5.4.6.1 Test accuracy compared to clinician CFS (cCFS) 

Excluding proxy assessments which are presented later in this section, Figure 5.5 

demonstrates test accuracy using ROC analysis and Table 5.13 demonstrates test 

sensitivity and specificity when comparing selected frailty assessment instruments 

against the cCFS as reference standard. The clinician reported ICE assessment 

demonstrated excellent test accuracy on ROC analysis with an AUC = 0.914 (95% 

CI: 0.863-0.966, p < 0.001) which was associated with excellent sensitivity (99%, 

95%CI: 0.942 - 0.999) and good specificity (84%, 95% CI: 0.749 – 0.912). Thereafter, 

the clinician assessed HIS FRAIL tool was the second most accurate frailty 

assessment instrument with moderate accuracy (AUC 0.799, 95% CI: 0.725 – 0.873, 

p < 0.001) arising from good levels of specificity (87%, 95%CI: 0.781 – 0.932) with 

acceptable levels of sensitivity (73%, 95% CI: 0.622 - 0.822). Patient CFS 

assessment demonstrated moderate accuracy when compared to cCFS (AUC 0.752, 

95% CI: 0.675 – 0.829, p < 0.001). This test had acceptable specificity levels (75%, 

95%CI: 0.645 – 0.838) but poor sensitivity levels (62%, 95%CI: 0.508 – 0.727). 

Comparatively, the mFI-11 demonstrated moderate test accuracy (AUC 0.719, 95% 

CI: 0.638 – 0.800, p < 0.001) which was associated with moderate sensitivity levels 

(73%, 95% CI: 0.622 – 0.822) but poor specificity levels (55%, 95% CI: 0.440 – 0.661). 

Due to poor specificity (26%, 95% CI: 0.173 – 0.369), the test accuracy of FiND 

assessment did not demonstrate a significant association with cCFS (AUC 0.578, 

95% CI: 0.486 – 0.669, p = 0.101).  

 

Thereafter, differences in area under the curve were compared using Delong test, 

Table 5.14. In comparing the accuracy of frailty assessment tools against the cCFS 

as reference standard, ICE demonstrated superior accuracy with a significantly 

greater AUC compared to all other tools. In comparison, FiND appeared to be the 

least accurate instrument, with the smallest AUC (see Figure 5.5) which was also 

statistically significantly different when compared to all other instruments. There 

were no other statistically significant differences when comparing AUC. 
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Figure 5.5 - ROC curve analysis comparing test accuracy against clinician CFS assessment. 

  

 

Frailty assessment tool AUC Std. Error p value Asymptotic 95% Confidence Interval 
Lower Bound Upper Bound 

ICE 0.914 0.026 < 0.001 0.863 0.966 

HIS FRAIL 0.799 0.038 < 0.001 0.725 0.873 

pCFS  0.752 0.039 < 0.001 0.675 0.829 

mFI-11 0.719 0.041 < 0.001 0.638 0.800 

FiND 0.578 0.047 0.101 0.486 0.669 

Test run under the nonparametric assumption, comparing frailty assessment tool to clinician CFS 
score as gold standard. ICE – Initial clinical evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL assessment, pCFS – patient CFS, mFI-11 – ii-item modified frailty index, FiND – 
patient Frail NonDisabled Questionnaire. 



170 
 

Table 5.13 - Sensitivity  and specificity of frailty assessments compared to cCFS. 
 

 

 

 

 

 

 

 

  

   

 
Sensitivity (%) 

 [95% confidence interval] 
Specificity (%)  

[95% confidence interval] 
ICE 99 [0.942-0.999] 84 [0.749-0.912] 
HIS FRAIL 73 [0.622-0.822] 87 [0.781-0.932] 
pCFS 62 [0.508-0.727] 75 [0.645-0.838] 
mFI-11 73 [0.622-0.822] 55 [0.440-0.661] 
FiND 89 [0.808-0.949] 26 [0.173-0.369] 
ICE – Initial clinical evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL, pCFS – patient CFS, mFI-11 – 11-item modified frailty 
index, FiND – Frail nonDisabled Questionnaire 
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Table 5.14 - Comparison of AUC for test accuracy.  
ICE HIS FRAIL pCFS mFI-11 FiND 

ICE  DBA: 0.115 
95% CI: 0.045 - 0.185 
z statistic: 3.233 
p = 0.001** 

DBA: 0.162 
95% CI: 0.082 - 0.243 
z statistic: 3.952 
p < 0.001** 

DBA: 0.196 
95% CI: 0.110 - 0.281 
z statistic: 4.507 
p < 0.001** 

DBA: 0.337 
95% CI: 0.267 - 0.407 
z statistic: 9.408 
p < 0.001** 

HIS FRAIL   DBA: 0.0469 
95% CI: -0.037 - 0.131 
z statistic: 1.093 
p = 0.274 

κ DBA: 0.0803 
95% CI: -0.014 - 0.174 
z statistic: 1.672 
p = 0.095 

DBA: 0.222 
95% CI: 0.138 - 0.305 
z statistic: 5.197 
p < 0.001** 

pCFS    DBA: 0.0333 
95% CI: -0.061 – 0.127 
z statistic: 0.696 
p = 0.486 

DBA: 0.175 
95% CI: 0.092 – 0.257 
z statistic: 4.138 
p < 0.001** 

mFI-11     DBA: 0.141 
95% CI: 0.046 – 0.236 
z statistic: 2.290 
p = 0.004* 

FiND     
 

cCFS – clinician CFS, ICE – Initial clinical evaluation, HIS FRAIL – Healthcare Improvement Scotland FRAIL, pCFS – patient CFS, mFI-
11 – 11-item modified frailty index, FiND – Frail nonDisabled Questionnaire, DBA -Difference between areas. CI = Confidence 
interval, * : p < 0.05, **: p < 0.001. Blue indicates statistically significant result. 
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5.4.6.2 Strength of test agreement and correlation compared to clinician 
CFS (cCFS) 

In comparing agreement and correlation of instruments against cCFS using Cohen’s 

Kappa Coefficient and Spearman’s rank test, ICE, HIS FRAIL and pCFS 

demonstrated a positive correlation, Table 5.15. ICE demonstrated excellent 

agreement with cFS (κ = 0.827, p < 0.001), with good correlation strength (r(150) 

= 0.802, p 0.001). In comparison, HIS FRAIL demonstrated moderate agreement 

with cCFS (κ = 0.599, p < 0.001) with moderate correlation strength (r(150) = 

0.664, p < 0.001). As described previously, there was poor agreement with pCFS 

and cCFS in detecting frailty (κ = 0.162, p < 0.001) with a moderate strength 

agreement in a positive correlation (r(150) = 0.570, p < 0.001). There was poor 

agreement and correlation between cCFS and mFI-11 and FiND. 

 

Table 5.15 - Strength of agreement and correlation with cCFS. 
Test value ICE HIS FRAIL pCFS mFI-11 FiND 

Cohen’s Kappa 
Coefficient (κ) 

0.827** 0.599** 0.162** 
 

0.282** 0.154* 

Spearman’s rank 
correlation, r(150) 0.802** 0.664** 

 0.570** 0.466** 
 0.329** 

ICE = Initial clinical evaluation, HIS FRAIL – Healthcare Improvement Scotland FRAIL 
assessment, pCFS – Patient Clinical Frailty Scale, mFI-11 – 11-item modified frailty index, 
FiND – patient Frail NonDisabled questionnaire. p < 0.05, **: p < 0.001. Colour code: Green = 
excellent agreement/correlation, yellow : good agreement/correlation, blue = moderate 
agreement/correlation, red: poor agreement/correlation. 
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5.4.7 Convergent validity of proxy frailty assessment compared to 
clinician CFS 

Due to smaller recruitment numbers, proxy assessment data are presented 

separately, and results are to be interpreted with caution. Statistical significance 

was not reached for any analysis however there were trends. 

 

5.4.7.1 Proxy test accuracy compared to clinician CFS (cCFS) 

Figure 5.6 presents AUC comparisons, and Table 5.16 presents the sensitivity and 

specificity, between proxy frailty assessment and cCFS as reference standard. 

Compared to reference standard, proxy CFS demonstrated moderate test accuracy 

(AUC 0.731, 95% CI: 0.517 – 0.945, p = 0.082). This was associated with an 

acceptable sensitivity (71%, 95% CI: 0.455-0.901) and poor specificity (50%, 95% 

CI: 0.191-0.809).  

 

Of note, proxy assessment demonstrates worse specificity compared to reference 

standard (cCFS) than patient CFS assessment. This was determined by the AUC of 

prCFS and pCFS being similar when compared to cCFS, however, prCFS 

demonstrates worse specificity compared to pCFS. Compared to reference 

standard, proxy FiND assessment demonstrated poor test accuracy (AUC 0.423, 

95% CI: 0.174 – 0.672, p = 0.562), associated with good sensitivity (85%) but poor 

specificity (0%). Due to no true negatives detected with prFiND, 95% confidence 

intervals could not be calculated.  

 

Thereafter, differences in area under the curve were compared using Delong test 

which demonstrated a small difference in area under the curve that did not reach 

statistical significance (Difference between areas: 0.154, 95%CI: -0.0868 – 0.394,z 

statistic: 1.253, p = 0.210).  
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Figure 5.6 - ROC curve analysis comparing proxy test accuracy against clinician CFS 
assessment. 
 

  

 
Frailty assessment tool AUC Std. Error p value Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 
prCFS 0.731 0.109 0.082 0.517 0.945 

prFRAIL 0.423 0.127 0.562 0.174 0.672 

Test run under the nonparametric assumption, comparing frailty assessment tool to clinician CFS 
score as gold standard. prCFS – Proxy clinical frailty scale, prFRAIL -  Proxy Healthcare 
Improvement Scotland FRAIL assessment. 

PrFiND 
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Table 5.16 - Sensitivity and specificity of proxy frailty assessments compared to cCFS. 
 

 

 

 

 

 

  

   

 
Sensitivity (%) 

[95% confidence interval] 
Specificity (%) 

[95% confidence interval] 
prCFS 71 [0.455-0.901] 50 [0.191-0.809] 
prFiND 85 [-] 0 
prCFS – Proxy Clinical Frailty Scale, prFiND – proxy Healthcare 
Improvement Scotland FRAIL assessment. 
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5.4.7.2 Strength of proxy test agreement and correlation compared to 
clinician CFS (cCFS) 

Compared to reference standard, proxy CFS demonstrated poor agreement (κ = 

0.214, p = 0.315) and poor correlation strength (r(22) = 0.449, p 0.036). Similarly, 

proxy FiND assessment also demonstrated poor test agreement with cCFS (κ = -

0.180, p = 0.243) and poor correlation strength (r(21) = -0.109, p = 0.637), Table 

5.17.  

 

Table 5.17 - Strength of agreement and correlation of proxy assessments with cCFS. 

Test value proxy CFS 

n = 22 

proxy FiND 

n = 21 

Cohen’s Kappa Coefficient (κ) 0.214 -0.180 
Spearman’s rank correlation, r(22/21) 0.449* -0.109 
CFS –Clinical Frailty Scale, FiND –Frail NonDisabled questionnaire. p < 0.05, 
**: p < 0.001. Colour code: Green = excellent agreement/correlation, 
yellow : good agreement/correlation, blue = moderate 
agreement/correlation, red: poor agreement/correlation. 
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5.4.9 Correlation and agreement between all tools 

This section presents summary evaluations of relationship strengths and 

associations between all tools. Table 5.18 summarises the instrument agreement, 

using Cohens Kappa coefficient. Table 5.19 summarises direction, and strength, 

of any correlation, using Spearman’s rank correlation analysis. In addition to the 

significant relationships cCFS and tools presented in section 5.4.6.2, positively 

correlated relationships were observed between another two pairs of frailty 

assessment instruments: HIS FRAIL and ICE and HIS FRAIL and pCFS. HIS FRAIL and 

ICE assessments were both performed by clinicians and demonstrated moderate 

agreement (κ = 0.568, p < 0.001) in ability to detect frailty with moderate 

correlation strength (r(150)=0.591, p<0.001). HIS FRAIL and pCFS demonstrated 

moderate agreement (κ = 0.470, p < 0.001) however the direction and strength of 

correlation was poor (r(150)=0.461, p<0.001). FiND and mFI-11 assessments 

demonstrated poor agreement and correlation with CFS, ICE and HIS FRAIL 

assessments.  

 

For proxy assessments, in addition to previously discussed relationships in section 

5.4.55.4.5, proxy CFS demonstrated moderate agreement (κ 0.545, p < 0.05) and 

a positive correlation of good strength (r(22)=0.616, p < 0.05) with HIS FRAIL 

assessment, reflecting the similar trend observed between patient CFS and HIS 

FRAIL described above. All other tests demonstrated poor interrater reliability 

scores which did not reach statistical significance. Similarly, the strength of 

correlation between proxy assessments and remaining frailty assessment tools 

were poor. 
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Table 5.18 - Interrater reliability across all frailty instruments  
cCFS ICE HIS FRAIL pCFS mFI-11 FiND prCFS prFiND 

cCFS 
 

κ 0.827** κ 0.599** κ 0.162** κ 0.282** κ 0.154* κ 0.214 κ -0.180 

ICE   κ 0.568** κ 0.345** κ 0.304** κ 0.200* κ 0.377 κ -0.167 

HIS FRAIL    κ 0.470** κ 0.246* κ 0.145* κ 0.545* κ -0.009 

pCFS     κ 0.309* κ 0.151* κ 0.713* κ 0.031 

mFI-11      κ 0.162* κ 0.214 κ -0.180 

FiND      
 

κ 0.039 κ 0.173 

prCFS        κ 0.056 

prFiND         

cCFS – clinician clinical frailty scale, ICE – Initial clinical evaluation, HIS FRAIL – Healthcare Improvement Scotland FRAIL, pCFS – 
patient clinical frailty scale, mFI-11 – 11-item modified frailty index, FiND – patient Frail nonDisabled Questionnaire. prCFS – 
Proxy Clinical frailty scale, prFiND – proxy Frail NonDisabled Questionnaire. * : p < 0.05, **: p < 0.001. Colour code: Green: 
excellent agreement/correlation, yellow: good agreement/correlation, blue: moderate agreement/correlation, red: poor 
agreement/correlation using Cohens Kappa coefficient analysis. 
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Table 5.19 - Correlation strength across all frailty instruments  
cCFS ICE HIS Frailty pCFS mFI-11 FiND prCFS prFiND 

cCFS 
 

r(150)=0.802** r(150)=0.664** r(150)=0.570** r(150)=0.466** r(150)=0.329** r(22)=0.449* r(21)=-0.109 

ICE   r(150)=0.591** r(150)=0.452** r(150)=0.394** r(150)=0.237* r(22)=0.470* r(21)=-0.205 

HIS 
Frailty 

   r(150)=0.461** r(150)=0.349** r(150)=0.206* r(22)=0.616* r(21)=-0.015 

pCFS     r(150)=0.384** r(150)=0.321** r(22)=0.855** r(21)=-0.041 

mFI-
11 

     r(150)=0.195* r(22)=0.114 r(21)=0.200 

FiND       r(22)=-0.088 r(21)=0.200 

prCFS        r(21)=-0.082 

prFiND         

cCFS – clinician clinical frailty scale, ICE – Initial clinical evaluation, HIS FRAIL – Healthcare Improvement Scotland FRAIL, pCFS – 
patient clinical frailty scale, mFI-11 – 11-item modified frailty index, FiND – patient Frail nonDisabled Questionnaire. prCFS – 
Proxy Clinical frailty scale, prFiND – proxy Frail NonDisabled Questionnaire* : p < 0.05, **: p < 0.001. Colour code: Green: 
excellent agreement/correlation, yellow: good agreement/correlation, blue: moderate agreement/correlation, red: poor 
agreement/correlation using Spearman’s rank correlation analysis. 
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5.4.10 Post hoc analysis: Correlation between co-morbidity 
and frailty index 

Due to the observed poor correlation between mFI-11 and FiND with other frailty 

assessment instruments, post hoc analysis was performed to assess strength of 

correlation between comorbidity measure, CCI.  

 

The mFI-11 demonstrated a positive correlation of moderate strength with CCI 

(r(150) = 0.698, p < 0.01). Remaining instruments demonstrated poor strength of 

correlation, Table 5.20. 
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Table 5.20 - Correlation of frailty instruments with comorbdity measurement  
cCFS ICE HIS Frailty pCFS mFI-11 FiND 

CCI r(150)=0.483** r(150)=0.415** r(150)=0.323** r(150)=0.396** r(150)=0.698** r(150)=0.284** 

cCFS – clinician CFS, ICE – Initial clinical evaluation, HIS FRAIL – Healthcare Improvement Scotland FRAIL, 
pCFS – patient CFS, mFI-11 – 11-item modified frailty index, FiND – Frail nonDisabled Questionnaire. * : p < 
0.05, **: p < 0.001. Colour code: Green: excellent agreement/correlation, yellow: good 
agreement/correlation, blue: moderate agreement/correlation, red: poor agreement/correlation using 
Spearman’s rank correlation analysis. 
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5.4.11 Post-hoc analysis: FiND assessment 

The FiND questionnaire has five binary-response questions (A - E). At least one 

positive response to either A or B diagnoses disability. At least one positive 

response to any of C - E diagnoses frailty. Negative responses to all five questions 

indicates the patient is robust. 

 

The five questions are: 

A. Have you any difficulties at walking 400 metres? 

B. Have you any difficulties at climbing up a flight of stairs? 

C. During the last year, have you involuntarily lost more than 4.5kg (10 lbs)? 

D. How often in the last week did you feel that everything you did was an 

effort or that you could not get going? 

E. Which is your level of physical activity (none or mainly sedentary)? 

 

5.4.11.1 Discrepancies between proxy and patient assessment 

Proxy FiND assessment diagnosed a greater prevalence of frailty compared to 

patient FiND assessment which was associated with poor interrater reliability and 

poor correlation strength (see section 5.4.9, Table 5.18 and Table 5.19). Subgroup 

analysis of the three dichotomous questions C - E (of which a positive answer to 

any one of the three would result in a diagnosis of frailty) was performed using 

Chi square analysis to explore this discrepancy further. This was performed for all 

patients, regardless of diagnosed pathology. 
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There was significant difference in answers to question C (χ2 (1, n=21) =4.2667, 

p=0.039), with proxies reporting a greater prevalence of unintentional weight loss. 

This discrepancy is thought to account for the poor psychometric comparisons 

between proxy and patient assessment, Figure 5.7. Of note, despite a similar total 

number of frailty diagnoses, there was significant inconsistencies between patient 

and proxy answers to question E (χ2 (1, n=21) =9.4531, p=0.002). 

 

Figure 5.7 - Comparison of patient and proxy responses to FiND questionnaire. FiND – Frail 
NonDisabled Questionnaire. *: p < 0.05, **: p < 0.001. Questions A + B relate to the presence 
of disability so are not presented in this figure.   
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5.4.11.2 FiND and disability in mobility-limiting disease 

FiND (when performed by both patient and proxy) assessment diagnosed a 

substantially greater prevalence of frailty than reference standard. Further, FiND 

demonstrated poor correlation and agreement with other frailty assessment tools. 

As most recruited patients were diagnosed with CLTI, and this is a mobility-

limiting disease process, post-hoc descriptive analysis was performed to explore 

whether mobility-limiting pathology may account for the observed discrepancies.  

 

From 91 patients diagnosed with CLTI, 75 (82%) were diagnosed as disabled, 

according to FiND. In comparison, there was a higher prevalence of self-reported 

frailty (n = 79, 87%), with most of the positive responses observed to arise from 

question E (n = 63, 69%). In comparison, from 11 proxies who performed FiND 

assessments for patients diagnosed with CLTI there was a very high rate of 

disability (n = 10, 91%). The prevalence of frailty was also greater than patient 

self-assessment (n = 10, 91%) but in contrast to patient self-assessment, this was 

primarily driven by a greater number of positive responses to question D (n = 9, 

82%), Table 5.21.  

Table 5.21 - Component parts of patient and proxy FiND responses. 
 Patient FiND 

n = 91 (%) 
Proxy FiND 
n = 11 (%) 

Disability questions 
Positive response to A 

 
71 (78) 

 
10 (91) 

Positive response to B 58 (64) 8 (73) 
Total 75 (82) 10 (91) 
Frail questions 

Positive response to C 
 

29 (32) 
 

6 (55) 
Positive response to D 58 (64) 9 (82) 
Positive response to E 63 (69) 7 (64) 

Total 79 (87) 10 (91) 
Breakdown in positive responses to FiND questionnaire for patient’s, and their 
proxy where relevant, who were diagnosed with chronic limb threatening 
ischaemia. 
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5.5 Discussion 

5.5.1 Summary of pertinent results 

There have been calls to standardise interdisciplinary approaches to frailty 

assessment but a lack of head-to-head comparisons, clinimetric properties and 

uncertainty over prognostic validity has challenged this.[263, 265, 285] The 

FAVOUR study was designed to speak to the evidence gap. This chapter presented 

the feasibility parameters and clinimetric properties examined by the FAVOUR 

study. The prognostic value of selected frailty assessment instruments are 

presented in Chapter 6.  

 

This data from this study demonstrates that implementing routine frailty 

assessment in an outpatient department setting is feasible, on the basis of a high 

recruitment rate, zero drop-out rate, the short time required to complete 

assessments and high completion rate. It appears the primary limiting step to 

patient recruitment was the ability of the lead researcher to approach patients, 

reflecting the fast-paced environment in which this study was conducted. For this 

reason, the success of rolling out routine frailty assessment for all patients 

attending a vascular hot clinic will rely on adopting the correct tool and format of 

application. The clinician assessed instruments do not require additional 

equipment or training (although it is available for CFS)[286], take only a few 

seconds to complete and do not require significant information beyond what is 

routinely collected during a clinical interaction. These qualities make the selected 

tools accessible, easy to use and minimise disruption to workflow. In comparison, 

patient self-assessment takes approximately 1 minute. Although this may be an 

appropriate duration of time for patients to complete self-assessments while 

awaiting clinical review, the observation that most patients require hands-on 

assistance suggests implementing self-assessments in this manner are unlikely to 

result in meaningful compliance. Similarly, the observation that proxy 

participation was limited by inability not to collaborate with the patient, 

demonstrates independent proxy assessment is also not feasible. For prospective 

frailty assessment, clinician assessment is preferred to patient self-assessment. 
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In the absence of a universally agreed definition, and differing underpinning 

theories, an abundance of instruments designed to detect and/or quantify frailty 

exist,[1] with no agreement on a reference standard. In response to COVID 

outbreak, NICE produced guidelines advising the CFS is used to identify and grade 

the severity of frailty for patients admitted to hospital.[287] The British Geriatric 

Society (BGS) also advocate the use of CFS to screen surgical patients who may 

benefit from a comprehensive geriatric assessment (CGA), delivered by a 

multidisciplinary team led by a geriatrician.[86] For this reason the CFS was 

adopted as gold standard in this study. Despite these guidelines, surgeons describe 

a preference for relying on subjective means of frailty assessment (ICE) due to 

tool unfamiliarity and uncertainty over tool validity (this will be elaborated on in 

Chapter 7). The CFS is based on the theory of cumulative deficit and demonstrates 

excellent agreement with ICE.[270] This demonstrates homogeneity in how 

clinicians assess frailty and concordance with a formalised assessment criteria, 

confirming tool validity of the CFS for surgeons.  

 

It has been demonstrated that the CFS can be successfully applied without training 

due to the tools intuitive nature with illustrations and descriptions.[288] The 

observed consistency in its use between different healthcare professionals 

supports this, as some evidence demonstrates excellent interrater agreement 

between vascular surgeons and medical assistants[152] as well as staff 

nurses.[106] Excellent agreement has also been observed between less clinically 

experienced medical students and critical care doctors.[289]  

 

The data presented in this chapter has uncovered a potential unconscious bias in 

clinicians assessment, with men more likely to be deemed robust compared to 

women according to ICE. This was not replicated in objective assessment 

instruments and in fact contradicts patient self-assessment where male patients 

were more likely to score themselves as frail according to the FiND questionnaire. 

The adoption of standardised, objective frailty assessment tools will help 
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overcome such bias in assessment and should be considered a favourable 

alternative to ICE. In comparison, the remaining tools did not perform as well 

against the reference standard due to variation in sensitivity and specificity levels. 

The importance of these parameters when selecting a diagnostic instrument will 

depend on the intended benefit of instrument application.  

 

A high degree of sensitivity (proportion of patients with the disease who test 

positive) should be prioritised where the consequences of a missed diagnosis/false 

negative are great. Conversely, a high degree of specificity (correctly identifying 

those who do not have the variable being tested for) may be prioritised where the 

implications of inappropriately treating someone for a condition that is not 

present, or not offering treatment due to misdiagnosis, are severe.[290] These 

are important considerations for surgeons and vascular healthcare professionals 

(HCPs) when trying to avoid over or under-treating patients. On balance it would 

seem reasonable to prioritise greater sensitivity levels over specificity in selecting 

a proposed frailty screening tool due to the intended benefits. Such benefits may 

include guiding operative decision making, informing discussion between HCPs and 

patients/relatives, unifying language between HCPs as well as help in identifying 

patients who may benefit from more-resource-intensive CGA assessments 

perioperatively. A standardised tool will also overcome the demonstrated 

unconscious bias in assessment observed by this study. For these reasons, and due 

to the acceptable feasibility and clinimetric properties, this study recommends 

the CFS be considered the gold standard tool for the purpose of standardising a 

multidisciplinary approach to frailty diagnosis. 

The recruitment of proxies was discontinued when it was realised that the 

environment in which assessments were being completed challenged the ability of 

patients and proxies to work independently. The observed relationship between 

pCFS and prCFS is probably reflective of such collaboration. In contrast, there was 

discrepancy between patient and proxy FiND assessments. This appears to be due 

to proxies reporting a greater presence of unintentional weight loss. Although the 

frailty instrument queries the presence or absence of weight loss, it might be that 
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the observed discrepancy between patient and proxy stems from a relatives 

perception of weight loss, rather than being able to objectively evidence it. 

Certainly there are inherent flaws in requesting proxies to report subjective 

experiences on behalf of patients. This is exemplified in the differences between 

patient and proxy responses to how often a patient “felt that everything was an 

effort” (Question D in FiND). In a study exploring weight loss, appetite and 

concerns around weight in patients with advanced malignancy, there was 

significantly greater reports of concern around weight loss when questionnaires 

were completed with the assistance of relatives, compared to self-reported or 

nurse-assisted completion.[291] It would be desirable to corroborate reported 

weight loss with objective evidence, however this was out with the scope of this 

study. The influence of concerned relatives in patients who require assistance to 

respond to questionnaires about subjective experiences should be considered in 

future research. 

 

The mFI-11 and FiND demonstrated poor agreement and correlation with the 

remaining frailty assessment instruments which suggests these tools measure 

different constructs. Similar to the CFS, the mFI-11[192] is based on the 

cumulative deficit theory, however it has been criticised in the past for being 

heavily reliant on comorbidities, such that comorbidity alone can produce a frailty 

positive score.[90] It was therefore unexpected to observe that patients defined 

as robust according to mFI-11 had a greater number of comorbidities than their 

frail counterparts, particularly as this was not replicated by any other tool. The 

relationship between mFI-11 and CCI demonstrated moderate correlation too. This 

directly contradicts the mFI-11’s main criticism. However, this finding could be 

presentative of a bias in the weighting of the variables in the CCI. The explanation 

behind this observed inconsistency warrants further investigation. In considering 

this, and the observed poor agreement between mFI-11 with reference standard 

CFS, the role of the mFI-11 as a frailty assessment tool in clinical practice is 

disputed. This is of particular relevance for vascular surgery patients where the 

presence of peripheral arterial disease constitutes one of the 11 ‘frailty’ variables, 

and indeed demonstrated significant findings in this respect. Selecting the most 
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appropriate variables for an abbreviated frailty index is challenging as component 

parts are not weighted by relevance. As described in previous my previous 

chapter, one of the expected standards of frailty indexes being a requirement for 

at least 30 variables, this might overcome some of these issues.[74] However, such 

comprehensive frailty indexes might prove too cumbersome and not lend 

themselves to application in clinical practice. Nevertheless, a role for 

comprehensive electronic frailty indices when applied to large research datasets 

remains.  

 

Conversely, the FiND assessment sets out to differentiate disability from frailty 

and is the only tool in this study that is based on the Fried phenotypic frailty 

theory.[17] FiND assessment diagnosed the greatest prevalence of frailty (81%), 

and when compared to cCFS had the second highest sensitivity (89%) with lowest 

specificity (26%). Our data mirrors that from a previous study comparing FiND to 

CFS assessment in vascular population (sensitivity 89%, specificity 26% and AUC 

0.57).[136] However, there are particular considerations around the 

appropriateness of utilising phenotypic measures of frailty in vascular populations. 

This study demonstrates most patients present with mobility-limiting disease, 

chronic limb threatening ischaemia. This is recognised by the high prevalence of 

disability in FiND assessments. In exploring phenotypic measures of frailty, the 

most common reasons for being diagnosed as frail, was a self-reported sedentary 

lifestyle, or perceiving significant effort in conducting activities of daily living. It 

is not inconceivable that the resultant lifestyle limitations occur as a consequence 

of the aforementioned disability born from their vascular pathology. There is 

concern that relying solely on phenotypic measures of frailty in a population with 

such a high prevalence of mobility-limiting disease may sooner act as a measure 

of function, rather than frailty. For this reason, it is felt more could be done to 

elucidate the relationship between frailty and disability in patients with mobility-

limiting disease.  
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5.5.2 Comparisons with published literature 

The prevalence of frailty will vary between populations and with the use of 

different frailty assessment instruments. Nevertheless, the observed prevalence 

of frailty in this study is consistent with observations of frailty within vascular 

surgery populations.[90] Using the CFS, a prevalence of frailty approximately four 

times that estimated for the general population was identified by this study, 

highlighting the critical relevance of frailty in vascular patients.[51] Elective 

patients being considered for abdominal aortic aneurysm repair may be considered 

one of the fittest vascular subgroups and even this cohort has demonstrated a 

frailty prevalence of between 14 and 29% according to the CFS.[97, 123] Frailty is 

more common in women and with increasing age.[292-294] However, this study 

had a relatively young mean age of 68 years and a significant male preponderance, 

as expected with male sex being associated with increased risk of cardiovascular 

disease.[295] This is testament to the multifactorial nature of frailty. Our 

population demonstrated significant comorbidity, polypharmacy and 

socioeconomic deprivation which is felt to contribute toward the observed early-

onset frailty. This mirrors data that has demonstrated the most disadvantaged 

patients are more than twice as likely to develop frailty than most advantaged 

patients.[296]  

 

The presence of comorbidity and socioeconomic deprivation are suspected 

confounding factors in the development of frailty.[297] Lower socioeconomic 

status is associated with comorbidity, poorer health outcomes and reduced access 

to care whereas multimorbidity is associated with disability, social isolation and 

poor self-rated physical and mental health with a greater need for acute care 

services.[298] A larger prospective study would be helpful to enable analysis to 

control for such variables with the view to clarifying any confounding 

relationships. As populations continue to age, frailty will continue to become a 

growing public health crisis and the importance of driving equity in healthcare and 

social service provision for this vulnerable patient cohort is self-evident. 

 



191 
 

Despite concordance between healthcare professionals, our study demonstrated 

poor interrater reliability between patient and clinicians. In comparison, studies 

examining the interrater reliability of the CFS between healthcare practitioners 

and patients attending emergency departments have demonstrated moderate 

agreement (kappa 0.43 – 0.59).[299, 300] However, these studies include a 

comparatively more robust patient cohort (CFS score 1 - 4: 63-74%), with a self-

identified potential patient selection bias, avoiding approaching unwell patients 

for recruitment. There were no data on presenting complaints, comorbidity or 

socioeconomic status which challenges further comparison of data. Socioeconomic 

deprivation and associated low healthcare literacy in our patient demographic 

may be contributing toward the observed discrepancy between patient and 

clinician assessments.[301, 302] It is likely this discrepancy will result in a 

misalignment of patient expectations with the healthcare outcomes felt 

reasonably achievable by HCPs. This is of particular importance when considering 

patients attach a high level of importance, and satisfaction, to the feeling of being 

kept appropriately informed of their care.[303] This study therefore proposes that 

adopting and referencing a standardised frailty assessment tool may be a useful 

adjunct to aligning patient/proxy expectations and enhancing clinical discussion. 

 

The CFS is not recommended for use in patients under 65 years of age due to 

concerns around lack of validation in younger populations.[287] However, this 

study demonstrates that, using CFS criteria, frailty is prevalent in a younger 

vascular clinic population. As discussed in Chapter 2 and Chapter 3, beneficial 

clinical and financial outcomes have been demonstrated when targeting and 

managing frailty for vascular patients. Employing a binary age cut-off when 

implementing/adapting clinical services fails to recognise the unique demographic 

of vascular patients and will exacerbate the healthcare inequalities, obstructing 

attempts at improving health outcomes for frail patients. Concerted efforts should 

be made to explore the validity of CFS use across younger patient populations as 

some of these patients likely stand to benefit from accessing frailty related 

healthcare pathways. 
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5.5.3 Strengths and limitations 

This study has selected only five frailty tools, but these were chosen based on 

either common use in clinical practice, endorsement by (inter)national healthcare 

policy and representation of different theories of frailty. Given the ‘real world’ 

nature of the study and included patients, the data from the feasibility parameters 

relating to researcher and clinician frailty assessments could plausibly be 

extrapolated to other outpatient department settings. Despite this being a single-

centre study, the hub-and-spoke design of vascular services and broad inclusion 

criteria, generates a large catchment area which does enhance applicability of 

results to a broader population.  

 

There are limitations identified in this study. The exclusion of patients lacking 

capacity, as although this represented a small proportion of excluded patients (n 

= 6, due to dementia), it is likely that patients with dementia display higher levels 

of frailty, which may have contributed to recruitment bias. However, the 

relatively low number of patients who could not be recruited on this basis is low, 

demonstrating favourable feasibility for implementing frailty screening in the 

studied environment. The FiND questionnaire is subject to recall bias and the 

significant proportion of patients observed to require assistance raises the 

question of unintended influence by involvement of proxy and/or researcher. 

However, this challenge is an important feasibility metric and demonstrates well 

some of the difficulties that will be encountered when using patient self-

assessments. 
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5.5.4 Conclusion 

The FAVOUR study responds to calls to standardise frailty assessment. Our data 

confirms feasibility of implementing routine frailty assessment in a vascular 

outpatient setting when performed by clinicians. Further, the data from this 

demonstrates favourable clinimetric properties when comparing clinician 

preferred subjective measures of assessment (ICE) to Rockwood Clinical Frailty 

Scale. This should give HCPs confidence in adopting the CFS, overcoming areas of 

unconscious bias in assessment, and bringing the speciality in line with current 

healthcare policy recommendations. This will contribute toward unifying 

healthcare services in their approach to managing frail patients. The prognostic 

value of frailty assessment instruments is explored in Chapter 6.  
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Chapter 6 FAVOUR study results: 30-day 
outcomes 

6.1 Chapter summary 

Chapter 4 outlines FAVOUR study methodology and Chapter 5 summarises the 

feasibility and clinimetric data. This chapter aims to answer research question 2c 

(how do the prognostic properties of frailty assessment compare in prospective 

frailty assessment). The 30-day home-time and mortality for all participants from 

the date of recruitment is presented. Further, post-operative 30-day outcomes 

are also presented for those patients who proceeded to surgical and/or 

endovascular treatment. A comparison of the prognostic values of the five 

different frailty assessment instruments is made. While participants recruited to 

the FAVOUR study will undergo an additional 1-year follow-up, these data are not 

yet complete and will not be presented in this thesis. 
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6.2 Introduction 

Despite the described abundance and heterogeneity in frailty assessment tools, 

frailty as a construct has consistently demonstrated correlations with poor health 

outcomes compared to robust counterparts in surgical patients.[60, 61, 63, 304, 

305] It is likely that the application of various assessment instruments to different 

surgical, or medical, patient populations in different clinical situations (e.g., 

elective versus emergent) will demonstrate different prognostic accuracy.[90] As 

presented in Chapter 3, there is a relative lack of evidence to support clinicians 

in selecting a desirable frailty-assessment instrument in vascular surgery services. 

To improve this, a call has been made for direct comparisons of various 

instruments.[306] This will aid clinicians and policy makers in identifying 

instruments suitable for their patient cohort. This is of particular interest given 

the increasing age and medical complexity observed in surgical populations.  

 

As previously discussed, the Frailty Assessment in Vascular OUtpatients Review 

(FAVOUR) study speaks to this evidence gap.[260] This study included all eligible 

urgent-referral vascular clinic attendees regardless of diagnosis or clinical 

management plan. The methodology has been reported in Chapter 4. The 

feasibility and clinimetric results are presented in Chapter 5. This chapter 

presents a comparison of the predictive value of the five frailty assessment tools 

at 30-day follow-up. Additional 1-year post study recruitment and 1-year post-

operation, where applicable, follow-up period will take place for this study.  
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6.2.1 Aim 

This chapter aims to present data relevant to the secondary outcomes described 

in Chapter 4. These include assessment of the relationship between frailty status 

measured by differing tools and: 

1. 30 day all-cause mortality 

2. 30-day home-time 

3. Post-operative 30-day surgical outcomes, including: 

a. Mortality  

b. Morbidity (as defined by Clavien-Dindo classification)  

c. Length of hospital stay 

d.  Readmission rate 

e. Nonhome discharge 

f. Discharge with greater social care requirements 
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6.3 Methods 

Comprehensive methodology is presented in Chapter 4. In brief, this is a single-

centre prospective observational cohort study (NHS R&I reference 

UGN23CE014/REC reference 23/PR/0062/NCT06040658). 

 

I performed all aspects of follow-up data collection. All recruited participants had 

electronic follow-up at 30-days from recruitment to assess mortality and home-

time.[271]  

 

A secondary post-operative 30-day follow-up was applied for those patients who 

proceeded to surgical and/or endovascular treatment following their attendance 

at the clinic. This is in line with current practice for reporting post-operative 

outcomes according to the number of days that have passed since the index 

intervention. A comprehensive summary of outcome measures, with definitions, 

has been presented in Chapter 4, section 4.3.5: Secondary outcomes (follow-up). 

In brief, these include: surgical procedure, mortality, post-operative morbidity, 

length of hospital stay, readmission rates, non-home discharge and discharge with 

a higher level of social care requirements. 

 

Of note, where patients underwent serial interventions as an inpatient, this was 

documented as a complication (Clavien-Dindo 4), unless the patient was planned 

for staged intervention (e.g., angioplasty followed by digital amputation). In this 

instance, both operations were considered part of the ‘index procedure’ with 

‘time to procedure’ calculated from date of clinic to first procedure and the 30-

day post-operative follow-up period beginning following completion of the 

planned secondary procedure. In the instance where the second procedure was 

not performed (due to cancellation for any reason, including patient mortality), 

the primary procedure only was documented as the index procedure.  
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In the instance where patients were assessed and treated for arterial disease of 

one limb, but developed symptomatic disease of the contralateral limb during 

inpatient admission, this was not documented as a complication. Rather, it was 

documented as a primary presentation of contralateral limb disease. In this 

circumstance patients were not entered into the database. 

 

6.3.1 Sample size 

The primary aim of the FAVOUR study was to assess feasibility of introducing frailty 

assessment in a vascular ‘hot’ clinic, so rather than set a desired sample size, 

describing the number of assessments possible in a fixed time period was one of 

the primary outcomes. As this prognostic analysis made use of the primary FAVOUR 

cohort, the sample size was pre-determined.  

 

6.3.2 Statistical analysis 

Statistical methods for the data in this chapter have been presented in Chapter 4, 

section 4.3.12 Statistical methods. Data were analysed using IBM SPSS Statistics 

v25. A p value < 0.05 was considered significant.   
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6.4 Results 

6.4.1 Participant demographics 

Participant demographics have been detailed in Chapter 5. Section 5.4.2 according 

to frailty status as defined by the different instruments and their mode of 

application. These have not been duplicated in this chapter. 

 

As discussed in Chapter 5, the decision was made to abandon proxy recruitment 

due to difficulties in preventing proxy and patient collaboration. The feasibility 

and clinimetric properties are discussed in the previous chapter. However, due to 

small recruitment numbers, the observed correlation between pCFS and prCFS, as 

well as the substantial prevalence of frailty according to prFiND, prognostic value 

of proxy assessment is not presented in favour of presenting patient self-

assessment only. 

 

6.4.2 30-day outcomes for all participants 

6.4.2.1 30-day mortality 

During the follow-up period there were 3 (2%) participant deaths. One patient had 

a cCFS score of 3 who was admitted for medical management of critical limb 

threatening ischaemia (CLTI) with infection but deteriorated and died from 

bacteraemia and sepsis before receiving surgical treatment. Two patients had 

cCFS scores of 5, both proceeded to treatment for CLTI, one open and one 

endovascular, both dying from lower respiratory tract infections within 30 days of 

index treatment. With this small number of events, no frailty assessment 

instrument demonstrated significance in predicting 30-day mortality, Table 6.1. 
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Table 6.1 - 30-day mortality following study recruitment. 

 

   

Frailty instrument Survived 
(total n = 147) 

n (%) 

Death 
(total n = 3) 

n (%) 

 
 
Statistics 

cCFS 
Robust (n = 76) 

 
75 (50) 

 
1 (1) 

χ2 (1, n=150) = 
0.368, p=0.544 

Frail (n = 74) 72 (48) 2 (1)  

ICE 
Robust (n = 65) 

 
64 (43) 

 
1 (1) 

χ2 (1, n=150) = 
0.125, p=0.724 

Frail (n = 85) 83 (55) 2 (1)  

HIS FRAIL 
Robust (n = 86) 

 
84 (56) 

 
2 (1) 

χ2 (1, n=150) = 
0.109, p=0.741 

Frail (n = 64) 63 (42) 1 (1)  

pCFS 
Robust (n = 52) 

 
84 (56) 

 
1 (1) 

χ2 (1, n=150) = 
0.679, p=0.410 

Frail (n = 65) 63 (42) 2 (1)  

mFI-11 
Robust (n = 62) 

 
61 (41) 

 
1 (1) 

χ2 (1, n=150) = 
0.081, p=0.776 

Frail (n = 88) 86 (57) 2 (1)  

FiND 
Robust (n = 28) 

 
28 (19) 

 
0 (0) 

χ2 (1, n=150) = 
0.703, p=0.402 

Frail (n = 122) 119 (79) 3 (2)  

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, 
HIS FRAIL – Healthcare Improvement Scotland FRAIL tool, pCFS – patient-
assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – 
Frail NonDisabled Questionnaire 
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6.4.2.2 30-day home-time 

Most patients did not have any hospital inpatient episodes in the 30-day follow-up 

period following study recruitment (n = 96, 64%). The median (interquartile range, 

IQR) and mean (±standard deviation, SD) were 30 (2.25) and 27 (±7.3) respectively, 

with a skewness of -2.6 (standard error 0.198), Figure 6.1 

 

 
Figure 6.1 - Histogram of 30-day home time. 
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There was no significant difference in home-time between robust and frail groups 

as defined by any of the selected frailty assessment instruments, although home-

time was consistently lower in the frail group, Table 6.2 

Table 6.2 – Home-time according to frailty assessment instruments. 

 

  

Frailty instrument 30-day home-time in days, 
median (IQR) / Mean (±SD) 

Statistics 

pCFS 
Robust (n = 52) 

 
30 (2.5) / 27 (±6.4) 

Z = -0.267, p=0.789 

Frail (n = 65) 30 (3) / 26 (±8.4)  

ICE 
Robust (n = 65) 

 
30 (2) / 28 (±4.6) 

Z = -0.742, p=0.458 

Frail (n = 85) 30 (3.5) / 25 (±8.8)  

cCFS 
Robust (n = 76) 

 
30 (2) / 28 (±5.0) 

Z = -0.700, p=0.484 

Frail (n = 74) 30 (2.8) / 25 (±9.0)  

HIS FRAIL 
Robust (n = 86) 

 
30 (2) / 28 (±5.6) 

Z = -0.697, p=0.486 

Frail (n = 64) 30 (3) / 25 (±9.1))  

mFI-11 
Robust (n = 62) 

 
30 (2) / 27 (±7.2) 

Z = -1.088, p=0.277 

Frail (n = 88) 30 (3) / 26 (±7.5)  

FiND 
Robust (n = 28) 

 
30 (1.8) / 29 (±2.6) 

Z = -1.028, p=0.304 

Frail (n = 122) 30 (3) / 26 (±8.0)  

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical 
Evaluation, HIS FRAIL – Healthcare Improvement Scotland FRAIL tool, pCFS 
– patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty 
index.  FiND – Frail NonDisabled Questionnaire 
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6.4.3 Operatively managed patients 

6.4.3.1 Participant demographics 

From 150 recruited patients, 54 (36%) proceeded to operative management of 

vascular pathology including both surgical and/or endovascular treatment. 

Baseline participant demographics for patients managed operatively compared to 

those managed non-operatively (this includes discharge from clinic), are 

summarised in Table 6.3.  

 

There were no differences in age or sex between those who were managed 

operatively (mean age of 69 years and male preponderance, 69%) compared to 

non-operatively managed group. Most (n = 43, 80%) patients proceeding to 

operative management were diagnosed with CLTI. Statistically significant 

differences were observed in operatively managed patients being more likely to 

present with polypharmacy (mean medication number ± SD: 11 ± 5 vs. 9 ± 5, p < 

0.05) and significant comorbidity as defined by CCI (mean CCI ± SD: 6 ± 2 vs. 5 ± 

3, p = 0.001) compared to non-operatively managed patients. 

 

A positive frailty score, as defined by mFI-11, was associated with a greater 

likelihood of proceeding to operative treatment (39 of 45, 72%, of operatively 

managed patients were frail vs. 51 of 96, 53%, of non-operatively managed 

patients were frail, p < 0.05). No other frailty assessment instrument 

demonstrated significant differences between the two groups. 
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Table 6.3 – Comparison of baseline demographics between operatively and non-operatively managed patients. 

 Operatively 
managed 
n = 54 (%) 

Non-operatively 
managed 
n = 96 (%) 

 
 

Statistics 
Male, n (%) 37 (69) 56 (58) χ2 (1, n=150) = 1.522, p=0.217  
Mean age in years (±SD) 69 (±9) 67 (±13) t (148) = -1.322, p=0.188  
Scottish Index of Multiple Deprivation, mean 
(±SD) 
Breakdown in SIMD groups, n (%): 

4 (±3)  4 (±3) 
 

Z = -0.707, p=0.479 

1 12 (22) 24 (25)  
2 6 (11) 17 (18)  
3 5 (9) 9 (9)  
4 10 (19) 9 (9)  
5 4 (7) 4 (4)  
6 1 (2) 8 (8)  
7 1 (2) 7 (7)  
8 5 (9) 4 (4)  
9 3 (6) 8 (8)  
10 5 (9) 4 (4)  

Diagnosis, n (%) 
 

 Z = -4.649, p<0.001** 
Critical Limb Threatening Ischaemia 44 (81) 47(49)  
Carotid stenotic disease 9 (17) 9 (9)  
Chronic venous insufficiency - 12 (13)  
Abdominal aortic aneurysm - 3 (3)  
Acute limb ischaemia (digital) - 6 (6)  
Mesenteric angina 1 (2) -  
Miscellaneous vascular - 9 (9)  
Miscellaneous non-vascular - 10 (10)  
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Number of medications, mean (±SD) 11 (±5) 9 (±5) t (148) = -2.513, p=0.014* 
Premorbid Residency Status, n (%) 

 
 Z = -0.011, p=0.991 

Independent 29 (54) 51 (53)  
Informal care (relatives/friends) 18 (33) 34 (35)  
Supported (homecare BD) 3 (6) 3 (3)  
Supported (homecare TDS) - 2 (2)  
Supported (homecare QDS) 3 (6) 2 (2)  
Supported (unclear) 1 (2) 3 (3)  
Care home - 1 (1)  

Previous Vascular Treatment, n (%) 
 

 Z = -0.219, p=0.827 
None 37 (69) 68 (71)  
Treatment > 6 months ago 12 (22) 18 (19)  
Treatment < 6 months 5 (9) 10 (10)  

Charlson Comorbidity Index, mean (±SD) 
Breakdown in CCI groups, n (%): 

6 (±2) 5 (±3) t (148) = -3.414, p=0.001* 

0 - 5 (5)  
1 - 3 (3)  
2 1 (2) 12 (13)  
3 4 (7) 8 (8)  
4 6 (11) 16 (17)  
5 9 (17) 13 (14)  
6 15 (28) 15 (16)  
7 6 (11) 10 (10)  
8 4 (7) 6 (6)  
9 4 (7) 3 (3)  
10+ 5 (9) 5 (5)  

Frailty positive status, n (%)    
cCFS 28 (52) 46 (48) χ2 (1, n=150) = 0.214, p=0.644 
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ICE 33 (61) 52 (54) χ2 (1, n=150) = 0.679, p=0.410 
HIS FRAIL 27 (50) 37 (39) χ2 (1, n=150) = 1.855, p=0.173 
pCFS 23 (43) 42 (44) χ2 (1, n=150) = 0.019, p=0.891 
mFI-11 39 (72) 49 (51) χ2 (1, n=150) = 6.394, p=0.011* 
FiND 48 (89) 74 (77) χ2 (1, n=150) = 3.173, p=0.075 

AAA – Abdominal aortic aneurysm, BD – bis in die/twice daily, TDS – ter die sumendum/three times daily, QDS – quarter die 
sumendum/four times daily, cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare 
Improvement Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – 
Frail NonDisabled Questionnaire. * p < 0.05. 
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6.4.3.2 Surgical details 

Table 6.4 summarises operative demographics. Briefly, from 54 patients planned 

to proceed to operative management during hot clinic attendance, most (n = 53, 

98%) were treated by inpatient admission. Two of these patients (3.7%) underwent 

outpatient angioplasty procedures prior to admission for hallux amputation as part 

of a planned staged procedure. Only one patient (1.9%) was managed entirely on 

an outpatient basis with angioplasty procedure. From 53 inpatient episodes, 43 

(8.1%) were urgent scheduled, eight (15.1%) were emergent and two (3.8%) were 

scheduled admissions. The most commonly performed open surgical procedure 

was digital amputation (n = 11, 21%) followed by carotid endarterectomy (n = 9, 

17%). The most commonly performed endovascular procedure was infrainguinal 

angioplasty ± stent (n = 15, 28%) followed by iliac procedures (n = 6, 11%).  

 

Hybrid cases (combined surgical and endovascular approaches) are presented 

within ‘open surgery’ cases, Table 6.4. From ten hybrid cases three (30%) were 

common femoral artery endarterectomy (CFAE) with endovascular treatment of 

iliac segments alone, one (10%) underwent CFAE with combined iliac and 

infrainguinal endovascular treatment and one (10%) underwent CFAE with 

infrainguinal endovascular treatment. There were two (20%) infrainguinal bypass 

procedures with iliac endovascular treatment and two (20%) combined digital 

amputations with infrainguinal endovascular treatment. One case (10%) 

underwent open iliofemoral bypass procedure with on table angiogram of 

infrainguinal segment without demonstrable endovascular targets.  

 

To examine if patients with CLTI represent a discrete patient population with 

separate outcomes when compared to all operatively managed patients, subgroup 

analysis for all outcomes described in section 6.4.4 was performed. As no 

significant differences were observed these results have not been presented in 

respective sections and are instead included in tabular form in appendix 9. 
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Table 6.4 - Baseline surgical demographics 
 n, (%) 
Outpatient treatment (n = 3) 

Infrainguinal angioplasty ± stent, n (%) 
Days from clinic to treatment, median 
(range) 

 
3 (100) 

21 (7 – 83) 

Inpatient treatment (n = 53) 
Admission type 

Urgent scheduled 
Emergent 
Scheduled 

 
 

43 (81) 
8 (16) 
2 (4) 

Inpatient treatment type 
Open surgery 
Endovascular procedure 
Hybrid 

 
27 (51) 
16 (30) 
10 (19) 

Days from clinic to inpatient treatment, 
median (interquartile range, IQR) 

Open surgery 
Endovascular procedure 
Hybrid 

13 (32) 
 

7 (21) 
30 (39) 
39 (27) 

Inpatient surgery type (including hybrid) 
Minor amputation (i.e., hallux, toe(s), 
fingers) 
Carotid endarterectomy (CEA) 
Infrainguinal bypass (±CFAE) 
Common femoral artery endarterectomy 
(CFAE) 
Iliofemoral bypass 
Major limb amputation 

 
11 (21) 

 
9 (17) 
9 (17) 
6 (11) 

 
1 (2) 
1 (2) 

Inpatient endovascular type (including 
hybrid) 

Infrainguinal angioplasty ± stent 
Iliac angioplasty ± stent 
Combined iliac and infrainguinal 
procedure 
Coeliac artery stent 
Upper limb angioplasty 
Lower limb angiogram (no target) 

 
 

15 (28) 
6 (11) 
1 (2) 

 
1 (2) 
1 (2) 
2 (4) 
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6.4.3.3 Frailty in the context of operative management  

The presence of frailty did not appear to prejudice operative approach as there 

was no statistically significant difference in the prevalence of frailty in patients 

managed by endovascular treatment alone compared to those who underwent 

open surgical treatment with or without hybrid approach, Table 6.5 
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Table 6.5 - The prevalence of frailty according to operative approach. 

 Endovascular only (n = 17) 
n (%) 

Open surgery ± endovascular (n =37) 
n (%) 

 
Statistics 

Frailty positive status by 
mode of assessment 

   

cCFS (n=28) 10 (59) 18 (49) χ2 (1, n=54) = 0.483, p=0.487 
ICE (n=33) 11 (65) 22 (60) χ2 (1, n=54) = 0.135, p=0.713 
HIS FRAIL (n=27) 10 (59) 17 (46) χ2 (1, n=54) = 0.773, p=0.379 
pCFS (n=23) 10 (59) 13 (35) χ2 (1, n=54) = 2.673, p=0.102 
mFI-11 (n=39) 12 (71) 27 (73) χ2 (1, n=54) = 0.033, p=0.856 
FiND (n=48) 15 (88) 33 (89) χ2 (1, n=54) = 0.011, p=0.917 

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement Scotland FRAIL 
tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail NonDisabled Questionnaire. 
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6.4.4  Operatively managed patients: short-term outcomes 

6.4.4.1 Post-operative 30-day mortality 

As mentioned in section ‘6.4.2.1 30-day mortality’, from 54 patients there were 

two (3.7%) deaths within 30-days of index procedure. Care must be taken in 

interpreting data with a small number of outcome events. Although there is an 

apparent trend with frailty being associated with a higher risk of 30-day mortality, 

there was no significant difference between frailty status and mortality risk 

according to the different modes of frailty assessment, Table 6.6 
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Table 6.6 - Post-operative day 30 mortality rate. 

Frailty instrument 
(n=frailty positive) 

Frail + mortality, n (%) Robust + mortality, n (%) Statistics 

cCFS (n=28) 2 (7) 0 χ2 (1, n=54) = 1.929, p=0.165 
ICE (n=33) 2 (6) 0 χ2 (1, n=54) = 1.322, p=0.250 
HIS FRAIL (n=27) 1 (4) 1 (4) χ2 (1, n=54) = 0.000, p=1.000 
pCFS (n=23) 2 (9) 0 χ2 (1, n=54) = 2.799, p=0.094 
mFI-11 (n=39) 2 (5) 0 χ2 (1, n=54) = 0.799, p=0.371 
FiND (n=48) 2 (4) 0 χ2 (1, n=54) = 0.260, p=0.610 
cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. 
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6.4.4.2 Post-operative 30-day morbidity 

From 54 patients managed operatively, 23 (43%) suffered 30-day morbidity. 

According to the Clavien-Dindo (CD) classification[273], most complications were 

grade 1 (n = 11, 48%). This means 12 (22%) patients suffered treatment-altering 

post-operative morbidity, with two (9%) grade 3a and eight (35%) grade 3B 

complications, Table 6.7. No patient required unplanned admission to high 

dependency or intensive care units perioperatively.  

Table 6.7 – Clavien-Dindo grading of postoperative morbidity. 

Clavien-Dindo Grade Total, n=23 (%) 
I 11 (48) 
II 0 

IIIa 2 (9) 
IIIb 8 (35) 
IV 0 
V 2 (9) 

Summary of postoperative morbidity according to Clavien-
Dindo grading system. Definitions of each grading severity are 
previously summarised in Table 4.2 - Summary of Clavien-
Dindo grading of post-operative morbidity. 

 

Frailty was not associated with increased risk of postoperative morbidity, Table 

6.8, however, there were trends. With the exception of the mFI-11 instrument, a 

diagnosis of frailty was associated with an increasing risk of 30-day morbidity. 

Frail patients were between 1.1 to 4.2 times more likely to suffer perioperative 

morbidity, however this did not reach statistical significance. Adjusting for age 

and sex saw patients diagnosed as frail according to CFS self-assessment (pCFS) 

1.6 times more likely to suffer perioperative morbidity than robust counterparts, 

tending toward significance, p = 0.061, Table 6.9. 

 

The frailty instruments demonstrated poor ability to discriminate those likely to 

suffer postoperative morbidity from those who did not, as demonstrated by an 

AUC for all instruments between 0.439 – 0.600, p > 0.05, Figure 6.2. 
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Table 6.8 - Risk of 30-day post-operative morbidity according to frailty assessment 

Frailty instrument 
(n=frailty positive) 

Frail + morbidity, n (%) Robust + morbidity, n (%) Statistics 

cCFS (n=28) 14 (50) 9 (35) χ2 (1, n=54) = 1.305, p=0.253 
ICE (n=33) 16 (48) 7 (33) χ2 (1, n=54) = 1.205, p=0.272 
HIS FRAIL (n=27) 13 (48) 10 (37) χ2 (1, n=54) = 0.682, p=0.409 
pCFS (n=23) 10 (43) 13 (42) χ2 (1, n=54) = 0.013, p=0.910 
mFI-11 (n=39) 15 (38) 8 (53) χ2 (1, n=54) = 0.980, p=0.322 
FiND (n=48) 22 (46) 1 (17) χ2 (1, n=54) = 1.856, p=0.173 
cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. 
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Table 6.9 - Risk of 30-day post-operative morbidity according to frailty assessment (Odds ratio). 

 Unadjusted Adjusted 

  95% confidence 
interval 

  95% confidence 
interval 

 

 Odds ratio (OR) Lower Upper p Value Odds ratio (OR) Lower Upper p Value 

cCFS 1.14 0.772 1.679 0.512 1.12 0.801 1.794 0.378 

ICE 1.88 0.605 5.859 0.275 2.70 0.764 9.526 0.123 

HIS 
FRAIL 

1.58 0.533 4.678 0.410 1.82 0.587 5666 0.299 

pCFS 1.51 0.928 2.444 0.098 1.61 0.978 2.654 0.061 

mFI-11 0.55 0.164 1.820 0.325 0.56 0.164 1.916 0.356 

FiND 4.23 0.459 38.987 0.203 5.08 0.512 50.457 0.165 

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. The data has been adjusted for patient age and sex. 
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Figure 6.2 - Frailty assessment instruments ability to discriminate post-operative 30-day 
morbidity. 
 

  

 AUC 
Std. 
Error p value 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

cCFS .550 .079 .535 .395 .705 

ICE .574 .079 .358 .419 .728 
HIS FRAIL .557 .080 .479 .401 .713 

pCFS .600 .078 .214 .447 .753 
mFI-11 .439 .080 .447 .282 .596 
FiND Frail .559 .079 .463 .405 .713 

Test run under the nonparametric assumption, comparing the discriminative 
capacity of frailty assessment instruments. cCFS – clinician-assessed Clinical 
Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare 

Improvement Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, 
mFI-11 – 11-item modified frailty index. FiND – Frail NonDisabled Questionnaire. 
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6.4.4.3 Post-operative length of hospital admission 

From 53 operatively managed patients admitted to hospital for treatment, the 
overall median (IQR) and mean (±SD) length of hospital admission were 3.0 (8) and 
11.6 (±23.4) days respectively, with a skewness of 3.7 (standard error 0.327), 
Figure 6.3. 

 

 
Figure 6.3 - Length of hospital admission for operatively managed patients. 
 

The median and mean length of hospital admission tended to be longer for frail 

patients than robust patients, Table 6.10. However, this only reached significance 

when defining frailty by the clinician ICE assessment with median (IQR) length of 

hospital admissions of 5 (17) days for frail patients compared to 2 (3) for robust, 

p < 0.05. 
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Table 6.10 - Postoperative length of hospital admission according to frailty assessment. 
 

 

 

  

Frailty instrument Length of hospital 
admission in days, 

median(IQR) / mean (±SD) 

Statistics 

cCFS 
Robust (n = 25) 

 
3 (2.5) / 8 (±26.1) 

Z = -1.478, p=0.140 

Frail (n = 28) 6 (17) / 15 (±20.8)  

ICE 
Robust (n = 21) 

 
2 (3) / 3 (±2.7) 

Z = -2.097, p=0.036* 

Frail (n = 32) 5 (17) / 17 (±28.9)  

HIS FRAIL 
Robust (n = 26) 

 
2 (4.5) / 4 (±4.9) 

Z = -1.889, p=0.059 

Frail (n = 27) 4 (18) / 19 (±31.2)  

pCFS 
Robust (n = 31) 

 
2 (5) / 10 (±25.3) 

Z = -1.880, p=0.060 

Frail (n = 22) 5 (17) / 14 (±20.8)  

mFI-11 
Robust (n = 15) 

 
6 (11) / 10 (±14.7) 

Z = -0.709, p=0.478 

Frail (n = 38) 3 (6) / 12 (±26.2)  

FiND 
Robust (n = 6) 

 
2 (13.5) / 7 (±10.7) 

Z = -0.639, p=0.523 

Frail (n = 47) 3 (7) / 12 (±24.6)  

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, 
HIS FRAIL – Healthcare Improvement Scotland FRAIL tool, pCFS – patient-
assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – 
Frail NonDisabled Questionnaire. * p<0.05. 
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6.4.4.4 Post-operative readmission rates 

Excluding two 30-day post-operative mortalities from 52 operatively managed 

patients, a total of 13 patients were readmitted within 30-days of index 

procedure. Ten (77%) were re-admitted to vascular surgery, two (15%) two general 

surgery and one (7%) to renal medicine. Frailty was not associated with increased 

risk of readmission post discharge, Table 6.11. Further, the frailty instruments 

demonstrated poor ability to discriminate those likely to be readmitted to hospital 

postoperatively, as demonstrated by an AUC for all instruments between 0.492 – 

0.577 (p > 0.05), Figure 6.4. 
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Table 6.11 - Risk of postoperative readmission according to frailty status. 

Frailty instrument 
(n=frailty positive) 

Frail+ readmission 
n (%) 

Robust + readmission 
n (%) 

Statistics 

cCFS (n=26) 8 (31) 5 (19) χ2 (1, n=52) = 0.923, p=0.3376 
ICE (n=31) 9 (29) 4 (19) χ2 (1, n=52) = 0.666, p=0.415 
HIS FRAIL (n=26) 7 (27) 6 (23) χ2 (1, n=52) = 0.103, p=0.749 
pCFS (n=21) 5 (24) 8 (26) χ2 (1, n=52) = 0.027, p=0.870 
mFI-11 (n=37) 9 (24) 4 (27) χ2 (1, n=52) = 0.031, p=0.860 
FiND (n=46) 13 (28) 0 χ2 (1, n=52) = 2.261, p=0.133 

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare 
Improvement Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty 
index. FiND – Frail NonDisabled Questionnaire. 
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Figure 6.4 - Frailty assessment instruments ability to discriminate post-operative 30-day 
readmission. 
 

  

 AUC 
Std. 

Errora p Value 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

cCFS .557 .090 .540 .381 .733 
ICE .564 .091 .492 .386 .743 
HIS FRAIL .526 .093 .784 .343 .708 
pCFS .492 .084 .933 .328 .656 
mFI-11 .487 .094 .891 .303 .671 
FiNDl .577 .086 .410 .408 .745 
Test run under the nonparametric assumption, comparing the discriminative 
capacity of frailty instruments in predicting post-operative readmission. cCFS – 
clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS 
FRAIL – Healthcare Improvement Scotland FRAIL tool, pCFS – patient-assessed 
Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. 
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A diagnosis of frailty by any frailty assessment instrument was not significantly 

associated with an increase in the risk of post-operative readmission and this 

remained true when adjusting for age and sex, Table 6.12. However, patients who 

suffered perioperative morbidity were more likely to be readmitted than those 

who did not (OR 8.485, 95% CI: 1.957-36.779, p = 0.004.). Secondary analysis, 

adjusting for perioperative morbidity, was not associated with frailty diagnoses 

predicting risk of readmission, Table 6.13. 
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Table 6.12 - Risk of 30-day readmission according to frailty assessment. 

 Unadjusted Adjusted 

  95% confidence 
interval 

  95% confidence 
interval 

 

 Odds ratio 
(OR) 

Lower Upper p Value Odds ratio 
(OR) 

Lower Upper p Value 

cCFS 0.98 0.563 1.706 0.944 0.97 0.554 1.691 0.910 

ICE 1.74 0.457 6.621 0.417 2.38 0.548 10.329 0.247 

HIS FRAIL 1.23 0.349 4.322 0.749 1.53 0.406 5.761 0.530 

pCFS 0.98 0.563 1.706 0.944 0.97 0.554 1.691 0.910 

mFI-11 0.88 0.225 3.474 0.860 0.99 0.237 4.141 0.990 

FiND 636399381 0.000 - 0.999 585659883.3 0.000 - 0.999 

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. The data has been adjusted for patient age and sex. 
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Table 6.13 - Risk of 30-day readmission according to frailty assessment adjusted for 
perioperative morbidity. 

  

 Adjusted for perioperative morbidity 

  95% confidence interval  

 Odds ratio 
(OR) 

Lower Upper p Value 

cCFS 1.10 0.661 1.824 0.718 

ICE 1.46 0.336 6.360 0.612 

HIS FRAIL 0.97 0.237 3.925 0.961 

pCFS 0.81 0.423 1.541 0.516 

mFI-11 1.34 0.289 6.196 0.710 

FiND 402029414.0 0.000 - 0.999 

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, 
HIS FRAIL – Healthcare Improvement Scotland FRAIL tool, pCFS – patient-
assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – 
Frail NonDisabled Questionnaire. The data has been adjusted for patient age 
and sex. 
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6.4.4.5 Post-operative non-home discharge 

From 53 patients admitted for operative treatment, one (2%) patient experienced 

a nonhome discharge. This patient was admitted with a diagnosis of CLTI for 

primary major limb amputation. The patient developed a wound infection (CD 

grade 1) and had a prolonged admission due to rehabilitative requirements and 

delays in social care due to the need for rehousing to accommodate wheelchair 

access. Frailty assessment was not predictive of nonhome discharge, although care 

must be taken in interpretation of data in the context of low number of outcome 

events, Table 6.14.  
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Table 6.14 - Post-operative non-home discharge. 
 

 

  

Frailty instrument 
(n=frailty positive) 

Frail + non-home discharge 
n (%) 

Robust + non-home discharge 
n (%) 

Statistics 

cCFS (n=28) 0 1 (4) χ2 (1, n=53) = 1.142, p=0.285 
ICE (n=32) 1 (3) 0 χ2 (1, n=53) = 0.669, p=0.413 
HIS FRAIL (n=27) 1 (4) 0 χ2 (1, n=53) = 0.981, p=0.322 
pCFS (n=22) 0 1 (3) χ2 (1, n=53) = 0.723, p=0.395 
mFI-11 (n=38) 1 (3) 0 χ2 (1, n=53) = 0.402, p=0.526 
FiND (n=47) 1 (2) 0 χ2 (1, n=53) = 0.130, p=0.718 

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement Scotland 
FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail NonDisabled 
Questionnaire. 
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6.4.4.6 Post-operative discharge with greater social care requirements  

From 53 patients admitted for operative management, two (4%) were discharged 

with greater care requirements. Frailty assessment was not predictive of discharge 

with greater social care requirements, although care must be taken in 

interpretation of data in the context of low number of outcome events, Table 

6.15. 
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Table 6.15 - Operatively managed patients discharged with greater social care requirements. 
 

 

  

Frailty instrument 
(n=frailty positive) 

Frail + increased social care 
requirement, n (%) 

Robust + increased social 
care requirement, n (%) 

Statistics 

cCFS (n=28) 1 (4) 1 (4) χ2 (1, n=53) = 0.007, p=0.935 
ICE (n=32) 2 (6) 0 χ2 (1, n=53) = 1.364, p=0.243 
HIS FRAIL (n=27) 1 (4) 1 (4) χ2 (1, n=53) = 0.001, p=0.978 
pCFS (n=22) 0 2 (6) χ2 (1, n=53) = 1.475, p=0.225 
mFI-11 (n=38) 1 (3) 1 (7) χ2 (1, n=53) = 0.482, p=0.487 
FiND (n=47) 2 (4) 0 χ2 (1, n=53) = 0.265, p=0.606 

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement Scotland 
FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail NonDisabled 
Questionnaire. 
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6.5 Discussion 

6.5.1 Summary of pertinent results 

The results presented in this study intended to speak to research question 2c (how 

do the prognostic properties of frailty assessment compare in prospective frailty 

assessment), exploring the clinical utility of various frailty assessments in 

predicting short-term outcomes in an urgent-referral outpatient vascular (‘hot’) 

clinic setting.  

 

For all frailty assessment instruments applied in this study, short-term mortality 

and home-time for all patients recruited to this study did not differ significantly 

between frail and robust patients. Similarly, in operatively managed patients, 

there was a general trend toward increased risk of morbidity, longer length of 

hospital stay and a greater readmission risk for frail patients, although this failed 

to reach statistical significance. There was no observed correlation between 

frailty status and risk of perioperative mortality, non-home discharge or discharge 

with greater care requirements. However, the prognostic validity of the selected 

frailty assessment tools observed in this study are limited by a small sample size 

and relatively small number of outcome events. Post hoc sample size calculation 

was performed to confirm underpowered sample size. According to the 2024 

National Vascular Registry patients undergoing lower limb revascularisation had a 

30-day mortality of 2.1%.[1] As discussed in Chapter 2, frail patients when 

compared to robust patients have upwards of up to 4.8 times greater chance of 

30-day mortality. To detect this difference with 80% confidence, no attrition and 

p < 0.05 would dictate a sample size of 322 operatively managed patients; 161 per 

group (frail and robust).   

 

The primary pathology presenting to the Vascular ‘hot’ clinic is CLTI, reflecting 

the clinic’s purpose: enabling senior clinical review of urgent, but not emergent, 

vascular pathology for expedited investigation and management.[4] The 
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observation that frailty does not influence management plan or mode of 

treatment, despite the availability of minimally invasive treatment which 

proposes less morbidity[63], might imply clinical management plans prioritise 

pathophysiological and anatomical considerations over host factors. This differs 

to similar units which have demonstrated differences in approach to management 

of their frail patients, where frail patients are more likely to be managed 

conservatively despite presenting with a greater degree of limb threat.[307] There 

are key considerations around these differences in local practices. Firstly, the 

primary aim in treating critically ischaemic limbs is to preserve limb function.[308] 

However, a proposed role for aggressive revascularisation exists (and is briefly 

explored on in Chapter 7), where what may be considered aggressive treatment is 

done with the aim of preserving quality of life. Provided the morbidity of the 

required procedure is considered appropriate.  

 

Secondly, typically arterial imaging identifies surgical targets and will propose 

preferential mode of treatment with the key consideration being to restore in-line 

flow, where possible. This will be guided by the availability of surgical and 

endovascular techniques. However, surgical technique is not all-or-nothing, in 

addition to the differing modes of treatment, surgeons can also tailor the burden 

of the proposed treatment by altering the extent to which surgical targets are 

treated. Where a robust patient may be reasonably expected to withstand multi-

level revascularisation, a vulnerable patient with similar disease pattern may 

sooner benefit from targeted treatment of selected lesions, which may be 

adequate to achieve clinical improvement without subjecting patients to the 

morbidity of more extensive treatment.  

 

These considerations may account for the pattern of treatment observed in this 

study and reflect nuanced surgical decision-making, which will be challenging to 

capture in prospective studies. However, as part of aiming to clarify these 

considerations, a recommendation is made for future relevant studies to consider 
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stratifying patients with CLTI according to recognised classification systems, such 

as Rutherford[309], Fontaine[310] or the Wound Ischaemia Foot Infection 

score.[311] An additional possible benefit to stratifying CLTI by disease severity is 

clarifying the discrepancy between the number of days from clinic to receiving 

operative treatment, with patients undergoing endovascular treatment (in 

isolation or as hybrid case) waiting significantly longer than those proceeding to 

open surgical repair. At present, it is unclear if this apparent discrepancy is driven 

by these patients presenting with less advanced disease, or perhaps more likely, 

the practical challenges associated with organising multi-disciplinary care 

combined with how the availability of endovascular versus surgical skillsets may 

influence management plans. 

 

Similar to the data presented in Chapter 5, the data from mFI-11 assessments 

demonstrated discrepancies from other modes of frailty assessment. A frailty 

positive state as defined by mFI-11, was associated with a greater likelihood of 

operative treatment where remaining frailty assessment tools were not. This may 

suggest that it is not an accurate measure of frailty as surgeons are unlikely to 

preferentially operate on a frail group. Further, mFI-11 frailty positive patients 

were also less likely to experience morbidity and had shorter admissions, albeit 

this failed to reach statistical significance. This discrepancy between mFI-11 and 

the other frailty tools supports the theory that mFI-11 in fact measures 

comorbidity, rather than frailty, albeit the two are not independent constructs, 

as discussed in Chapter 5. Further adequately powered studies are required to 

confirm this.  
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6.5.2 Comparisons with published literature 

The non-significant trend for increased 30-day post-operative mortality in patients 

living with frailty observed in this study mirrors current literature. A meta-analysis 

examining mortality outcomes in patients operatively treated for peripheral 

arterial disease found frailty was associated with a non-significant 2.11-fold 

greater risk of 30-day mortality compared to robust patients and significant 

association with a 1.86-fold increased risk of long-term mortality, (p < 0.05).[312] 

The study reported a major limitation in the published literature of heterogeneity 

in mode of frailty assessment. This is reflected in the challenges in frailty 

assessment that have been previously discussed in Chapter 3. Further, the work 

presented in Chapter 3 identifies only one prospective study comparing the 

prognostic value of different frailty assessment tools in CLTI patients undergoing 

operative treatment. The instruments included in that study were Edmonton Frail 

Scale (EFS), Groningen Frailty Indicator (GFI), modified Essential Frailty Toolset 

(mEFT), 11-item modified Frailty Index (mFI-11), Multidimensional Prognostic 

Index (MPI) and the Risk Analysis Index-C (RAI-C). A similarly low 30-day mortality 

rate (1%) was observed. The primary end point of this study was mortality at 1-

year which was predicted by the GFI and mEFT instrument.[124] FAVOUR 

complements the data from this study, as it will enable comparison of frailty tools 

in different patient cohorts, over differing time scales, as well as introducing 

additional frailty tools to compare prognostic utility.  

 

Patients reviewed in vascular ‘hot’ clinic can be considered ‘high risk’ and pose a 

public health dilemma, the reasons being two-fold: firstly, the prevalence of 

frailty is high (as demonstrated in Chapter 5), and secondly, the primary 

presenting pathology is CLTI. Although not definitively demonstrated in this study, 

frailty in undifferentiated hospitalised older adults, and vascular surgery 

populations specifically, confers a greater risk of mortality (in-hospital, medium- 

and long-term), post-operative morbidity, longer length of hospital stay as well as 

functional decline at discharge.[60, 61, 63, 313] CLTI is an aggressive disease with 

a 1-year mortality rate between 20 – 25%.[314, 315] American population statistics 

have demonstrated CLTI has a worse survival rate than the majority of common 
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terminal malignancies.[316] In addition to substantial morbidity, CLTI is common 

and growing in prevalence due to population demographic changes of increasing 

age and rising incidence of diabetes mellitus.[317] CLTI already has a greater 

global prevalence than cerebrovascular disease, heart failure and cancer.[318] 

Considering the growing prevalence and morbidity of this disease, CLTI can be 

considered an underappreciated public health threat, with increasing health and 

healthcare cost implications.[319] The 30-day follow-up in FAVOUR may be an 

inadequate timeframe to capture the sequelae of the disease and its intervention, 

emphasising the clinical relevance of the planned 1-year follow-up. Improving 

health care outcomes and mitigating the financial burden through deliberate and 

proactive secondary care service restructuring for this population must be 

declared a priority.  

 

6.5.3 Strengths and limitations 

Strengths and limitations of the FAVOUR study have been discussed in Chapter 5, 

section 5.5.3. The role of comparing unadjusted and adjusted data for 30-day 

outcomes is considered. Comparing unadjusted analysis will be clinically relevant 

for clinicians in considering the role of applying frailty assessment to all-comers 

in clinical practice, informing discussions around predicted outcomes if offered 

operative or conservative management. Specific to the results presented in this 

chapter, for 30-day outcomes this study is underpowered to support a meaningful 

comparative analysis of the tools. Adjusted analysis is of research interest, 

exploring the role of frailty independent from concomitant factors, such as age, 

sex and multimorbidity. However, the small number of outcome events limits the 

number of variables that can reasonably be adjusted for in this data. The planned 

longer follow-up should allow for more events to accrue which could improve 

power. It is reiterated a power calculation for sample size was not performed for 

this study due to the ability to recruit patients being an important feasibility 

metric. 



234 
 

6.5.4 Future directions 

No patients diagnosed as robust according to FiND required readmission to hospital 

but this was not replicated by any other frailty assessment instrument. FiND was 

also associated with a greater risk of morbidity compared to other frailty 

assessment instruments (albeit not significant in this small study). Of the tools 

assessed in this study, FiND is the only tool that is derived from the frailty 

phenotype theory. It is unclear to what extent FiND diagnoses frailty or disability 

(or both). This is exemplified in the observed high sensitivity but poor specificity 

for diagnosing frailty, as discussed in Chapter 5. There is a risk that, as most 

operatively managed patients were diagnosed with CLTI, which inherently impairs 

mobility, phenotypic measures of frailty are confounded by disability resulting in 

bias in assessment. For this reason, a role for comparing the prognostic value of 

different phenotypic measurements of frailty, such as gait speed, timed-up-and-

go or grip strength is proposed. This might help elucidate whether phenotypic 

measures of frailty, in a vascular population known for presenting with mobility-

limiting pathology, is a bias in assessment or in fact a true estimation of frailty 

prevalence and severity, as discussed in Chapter 3. A significant proportion of 

patients presenting to the vascular hot clinic are diagnosed with clinically urgent 

CLTI warranting operative management. While the presence of frailty, as defined 

by five different assessment instruments, did not appear to influence decision to 

offer operative treatment, nor guide operative strategy, this may reflect 

unmeasured nuanced surgical decision making. A role for exploring how frailty 

influences surgical decision-making, in particular the extent of operative 

management, is identified. This is explored in the upcoming Chapter 7. 
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6.5.5 Conclusion 

Frailty, when assessed by ICE, CFS and HIS FRAIL is associated with a greater risk 

of morbidity, length of stay and risk of morbidity, although a moderate participant 

size means the results did not reach significance, likely due to being under 

powered. The 1-year follow-up results will be helpful in defining, and comparing, 

a proposed prognostic role for frailty assessment for patients reviewed in a 

vascular hot clinic. Further, discrepancies in outcomes between phenotypic 

measures of frailty (FiND) and remaining tools identifies a challenge in 

differentiating frailty from disability in the context of mobility-limiting pathology. 
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Chapter 7 Assessing stakeholder’s perception 
and utilisation of frailty assessment in a 
Vascular Surgery setting – A mixed methods 
study. 

7.1 Chapter summary 

This chapter sets out to answer research question 3 (what are stakeholder’s 

perception and utilisation of frailty assessments in a vascular surgery setting). A 

mixed-methods study explores vascular surgery stakeholders’ perception and 

utilisation of frailty assessment techniques in clinical practice. The work 

presented in this chapter will inform clinicians and policy makers in their efforts 

to modify service-wide approaches to frailty with the view to improving health 

outcomes for this vulnerable cohort.  
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7.2 Introduction 

The adoption of realistic medicine as a Scottish health police agenda encourages 

clinicians to consider personalised approaches to care, manage risks better and 

reduce patient harm.[320] It also aims to empower patients to discuss their 

treatment with clinicians as part of holistic patient-centred care, prioritising 

patient wishes and quality of life considerations. The heterogeneity of the frailty 

assessment may challenge health care professionals ability to comfortably deliver 

realistic medicine in the midst of such a multifactorial and far-reaching construct. 

 

The burden frailty places on healthcare infrastructure has been explored in earlier 

chapters presenting the adverse health outcomes associated alongside its financial 

implications. Despite growing academic interest and national guidance, it has 

been demonstrated that frailty is inconsistently assessed and considered in clinical 

practice by vascular surgeons in the United Kingdom.[261] Relatively little is 

known about stakeholders’ perceptions of frailty assessment, how they use frailty 

tools in decision making, and how services incorporate frailty assessment.[87, 261, 

321, 322]  

 

This study aims to speak to this evidence gap as improved understanding is critical 

to develop approaches to encourage the up-take and roll-out of collaborative 

frailty-centric pathways in busy clinical services in line with national guidance. 
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7.2.1 Aims and objectives 

The purpose of this study is to explore healthcare professionals’ (HCPs) familiarity 

with, and understanding of, the frailty concept and frailty identification tools 

within vascular surgery and identify barriers to implementing frailty screening into 

clinical practice. 
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7.3 Methods 

7.3.1 Study design 

This is a mixed-methods study based on a phenomenological approach. Data were 

gathered using both questionnaires and semi-structured interviews/focus-groups. 

Questionnaires were selected to gather data from a large number of participants 

whereas the use of follow-up semi-structured focus groups and interviews acted 

as a complement to the questionnaires. This allowed for a more nuanced 

understanding of complex issues and enabled the exploration of these from all 

angles thus providing e a complete and well-rounded summary of stakeholders 

perceptions. For the questionnaires, this study was conducted and reported in line 

with the Checklist for Reporting Results of Internet E-Surveys (CHERRIES), 

appendix 11.[323] The conduct and reporting of interviews and focus-groups 

follows the Consolidated criteria for Reporting Qualitative studies (COREQ) 

guidelines, appendix 12.[324]  

 

7.3.2 Research team and reflexivity 

I conducted the interview/focus-groups. Through previous clinical experience and 

attendance at relevant scientific events, I have professional relationships with 

some participants. Prior to participation, participants were informed of the 

research goals which were that this study was conducted as part of a clinical 

research fellowship exploring frailty in vascular disease, with the view to obtaining 

an MD.  

 

The second author assisting in thematic analysis is female with a background in 

academic medicine (Geriatric speciality trainee) with a specialist interest in 

organisation of care services and pathways and published experience in qualitative 

research methods. Involving a second author with no surgical background was felt 
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useful to ensure rigour and reduce risk of unintentional bias in data analysis 

processes. 

 

7.3.3 Participant selection 

Any health care worker in Scotland with professional experience (current or 

previous) of working in a vascular surgery service was eligible to participate. 

Questionnaires were distributed by email. Initial purposive sampling was 

complemented by a snowball approach. The email list was created through 

contacting the clinical lead for all vascular surgery services across Scottish 

regional health boards. The clinical lead was invited to provide a list of clinicians 

and allied healthcare workers representative of all stakeholders in their regional 

service, including vascular nurse specialists, clinical scientists, interventional 

radiologists, staff nurses, consultant anaesthetists and British Association of 

Chartered Physiotherapists in Limb Absence Rehabilitation (BACPAR)-registered 

physiotherapists. The Scottish training programme director for vascular surgery 

trainees was also contacted to provide an email list for trainees. Non-rotational 

allied healthcare professionals working in vascular services, such as 

physiotherapists, occupational therapists and podiatrists were eligible for 

participation and their recruitment was permitted through snowballing. 

 

Participants were invited to in-depth interview/focus group sessions through an 

optional question in the questionnaire. This was done by inviting participants to 

leave contact details in order for the sessions to be arranged. This could be email 

or telephone numbers. Where participants declined follow-up interviews, the 

relevant part of the questionnaire was left blank. To encourage interview/focus 

group recruitment, attendees were allowed to invite colleagues who expressed an 

interest in participating, irrespective of questionnaire completion.  
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7.3.4 Sample size 

No sample size calculation was performed for questionnaire recruitment. Rather, 

questionnaires were distributed with long response deadlines to encourage 

uptake. Focus group/interview sample size was determined by reaching data 

saturation, defined as the point in which additional data did not produce new 

themes.[325]  

 

7.3.5 Setting 

The first questionnaire was distributed by email in November 2022 with a response 

deadline of April 2023. This allowed for paper versions of the questionnaire to be 

distributed at the Scottish Vascular Meeting 2023. This is a multidisciplinary 

meeting for all health care workers involved in the delivery of vascular services 

across Scotland. 

 

Interviews and focus groups were primarily conducted virtually (Microsoft Teams, 

Version 1.0) but some in-person sessions were offered depending on participant 

preference. Focus groups were designed to host no more than six participants as 

this was felt to represent a group size that enables contribution by each attendee 

gaining a variety of perspectives, whilst being small enough to avoid disorderly or 

fragmented discussions.[326] Participants of similar professional backgrounds 

were grouped to reduce any perceived hierarchical structure to the meeting and 

encourage participation. Interviews and focus groups were conducted between 

September 2023 – January 2024.  

 

7.3.6 Ethical considerations 

Questionnaire participation was voluntary, and consent was implied through the 

completion and return of questionnaire. Those expressing interest in participating 
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in interviews were contacted electronically with participant information sheets 

and consent forms which were sought, including for audiovisual recording, prior 

to agreeing an interview date. Research data storage is compliant with the 

University of Glasgow’s data retention policy. The study was given favourable 

ethical opinion from the University of Glasgow, College of Medical, Veterinary & 

Life Sciences Ethical Committee, Project No: 200220006, 16th September 2022.  

 

7.3.7 Data collection 

7.3.7.1 Questionnaire administration 

The 18-item questionnaire was developed in conjunction with a consultant 

geriatrician and piloted on two vascular consultants. It consisted of four parts 

(participant demographics, perception of frailty significance, frailty assessment 

methods and implementing frailty assessment into clinical practice), appendix 11. 

Responses were provided through a combination of tick-box answers, Likert scales 

and free text options. The document was locked so that the participants could 

only interact/amend the response fields to the document. Demographic data 

answers were categorical to promote anonymisation in data analysis. The 

responses were open for amendment should participants want to alter their 

answers during completion. Completion of the questionnaire was voluntary, and 

no incentives were offered. Questionnaires were returned to myself as lead 

researcher by email or in-person at the vascular meeting. Hard copies of 

questionnaires were scanned to create electronic copies for storage before 

original versions were securely destroyed. Completed questionnaires were 

electronically stored by participant initials, preventing multiple entries from the 

same participant, and enabling linkage of data with follow-up interviews. Upon 

completion of interviews, responses (and paired interview data, where relevant) 

were transformed to anonymous participant numbers prior to data analysis. 

 



243 
 

7.3.7.2 Interviews/focus groups 

A semi-structured interview guide was developed and piloted on a consultant 

geriatrician, appendix 12. In brief, the topics set out to be covered included: 

exploring participant understanding of the frailty concept, how it might influence 

clinical practice, methods for assessing and justification for described mode of 

assessment as well as exploring the perceived role for treating frailty and how 

best this can be achieved. Interviews were planned to take approximately 30 - 45 

minutes. Participant demographics were taken from previously completed 

questionnaire and confirmed in the interview. Virtual interviews were subject to 

automated transcribing with paired video recording, where consented, to enable 

quality control of the transcriptions. In-person interviews were conducted in a 

venue of the participant’s choice and used audio recording and researcher field 

notes. I performed all aspects of quality control of automated transcription 

processes as well as creating verbatim transcriptions of audio recordings from in-

person sessions. Transcription processes were conducted, stored and analysed on 

Microsoft Word, Version 2310. Participants were not invited to comment on final 

transcriptions.  

 

7.3.8 Analysis 

I manually transcribed all data from questionnaires into a data extraction 

template using Microsoft Excel, Version 2310. Analysis was preformed using IBM 

SPSS Statistics, Version 25.Questionnaires with incomplete responses had areas of 

missing data coded so that the questionnaire could be included in analysis, 

excluding only missing data points. Demographic and categorical data were 

analysed descriptively, and comparisons of categorical data were performed by 

Chi Square analysis with a p value < 0.05 considered statistically significant. Data 

visualisations were created using both Microsoft Excel, Version 2310 and IBM SPSS 

Statistics, Version 25. Free text answers were combined with the interview 

transcripts and assessed in aggregate. 
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Data analysis for interviews and focus groups followed Braun and Clarke's’ six 

phases of thematic analysis, deducing themes from the data.[327]. This was 

performed manually using the transcripts stored in Microsoft Word, Version 2310. 

Transcripts were critically appraised by aforementioned authors working 

independently to code quotes. Quotes were then reviewed and collated into 

specific themes and subthemes. Identified themes were not returned to 

participants for comment. Anonymised exemplar quotes representing these 

themes are presented in the results section of this chapter. Where relevant, 

themes and subthemes were collated to produce visual summaries and acronyms 

with Microsoft Word, Version 2310. 
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7.4 Results 

7.4.1 Questionnaire results 

A total of 160 HCPs were contacted by email with 60 (38% response rate) returned 

questionnaires. Responses were elicited from ten of fourteen Scottish regional 

NHS health boards, including all six health boards that provide a vascular surgery 

‘hub’ service, Figure 7.1. There was excellent compliance with 1181 (99.4%) 

responses to a total of 1188 questions. Six of seven blank responses were for free-

text answer questions. 

  

Figure 7.1 - Participating Scottish health boards This map depicts the 14 regional NHS 
health boards in Scotland. Green (1 – 10) indicate health boards that responded to the 
questionnaire. Red (11 - 14) indicate health boards where responses to the questionnaire 
were not received. Light green health boards (1 – 6) represent health boards that have a 
hospital providing a Vascular Surgery ‘Hub’ service. The remaining health boards (7 – 14) 
act as vascular surgery ‘spoke’ sites. A gold star indicates health boards that participated in 
follow-up interviews and focus groups. 
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7.4.1.1 Respondent demographics  

Most respondents were male (n = 50, 83%), aged 40 - 49 years (n = 19, 32%) and 

were consultant vascular surgeons (n = 24, 40%) or vascular surgical trainees (n = 

17, 28%). The largest proportion worked in NHS Greater Glasgow & Clyde (n = 24, 

37%), Table 7.1. 

Table 7.1 - Questionnaire respondent demographics. 

Sex Male  50 (83%) 
Age (years) 20-29 11 (18%)  

30-39 13 (22%)  
40-49 19 (32%)  
50-59 17 (28%) 
60+ 0 (0%) 

Years worked in NHS 0-9 21 (35%)  
10-19 13 (22%)  
20-29 15 (25%)  
30-39 11 (18%) 
40+ 0 (0%) 

Profession Consultant Vascular Surgeon 24 (40%)  
Surgical Trainees (vascular) 17 (28%)  
Consultant Interventionalist 5 (8%)  
Nurse practitioner 5 (8%)  
Vascular Nurse Specialist 3 (5%)  
BACPAR Physio 2 (3%)  
Podiatrist 1 (2%)  
Consultant Anaesthetist 1 (2%)  
Clinical Scientist 1 (2%)  
Scottish Ambulance Service 1 (2%) 

Scottish regional 
health board 

Greater Glasgow & Clyde (‘Hub’) 22 (37%) 
Tayside (‘Hub’) 10 (17%)  
Lanarkshire (‘Hub’) 9 (15%)  
Lothian (‘Hub’) 6 (10%)  
Grampian (‘Hub’) 5 (8%)  
Highlands (‘Hub’) 2 (3%)  
Forth Valley Royal Hospital (‘Spoke’) 2 (3%)  
Dumfries & Galloway (‘Spoke’) 1 (2%)  
Ayrshire & Arran (‘Spoke’) 1 (2%) 

 Fife (‘Spoke’) 1 (2%) 
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7.4.1.2 Mode of frailty assessment 

Frailty is usually assessed on a daily basis (n = 37, 62%). Multiple choice answers 

were used to explore typical locations where frailty assessment takes place, and 

who usually performs the assessment. Sixty respondents provided 192 responses 

to location of assessment, with the most common location being in outpatient 

departments (n = 43, 22%) or during the acute inpatient admission process (n = 43, 

22%), Table 7.2. Where respondents described ‘other’ points of assessment in the 

patient journey (n = 4, 2%), this included: each patient contact (n=2), at some 

point during an inpatient stay (n = 1, 1%) and ‘not sure’ (n = 1, 1%). Sixty 

respondents provided 173 responses to who usually performs frailty assessments 

in their department. It was felt consultant vascular surgeons (n = 35, 20%) and 

consultant anaesthetists (n = 26, 15%) most commonly assessed vascular patients 

for frailty. Five (3%) respondents from NHS Tayside reported the presence of a 

surgical frailty team who performed frailty assessments in their unit.  

Table 7.2 - Response to multiple choice questions on mode of frailty assessment 

Frequency of 
assessment (n=60) 

Daily 37 (62%) 
Weekly 9 (15%) 
Monthly 2 (3%) 
Rarely 6 (10%) 
Never 6 (10%) 

Location of 
assessment (n=192) 

Outpatient department 43 (22%) 
Acute inpatient admission process 43 (22%) 
Preoperatively 33 (17%) 
Postoperatively 31 (16%) 
In community 16 (8%) 
On the day of surgery 12 (6%) 
Not assessed  10 (5%) 
Other 4 (2%) 

Who assesses frailty 
(n=173) 

Consultant Vascular Surgeon 35 (20%) 
Consultant Anaesthetist 26 (15%) 
Junior Doctor 23 (13%) 
Geriatric physician 22 (13%) 
Ward staff nurse 19 (11%) 
Physiotherapist 18 (10%) 
Occupational therapist 12 (7%) 
Not performed  10 (6%) 
Dedicated surgical frailty team 5 (3%) 
Medical registrar 3 (2%) 
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Where frailty was reported as assessed (n = 53, 88%), most respondents do not use 

a formal tool, instead relying on a subjective ‘End of Bed’ assessment (n = 44, 

83%). The ‘End of Bed’ assessment is considered synonymous with ‘initial clinical 

evaluation’[159] described in Chapters 4-6. If a frailty tool was used, the most 

popular tool was the Rockwood Clinical Frailty Scale[94] (n = 15, 28%), with other 

tools displayed in Figure 7.2. Of the three ‘other’ modes of assessment, this 

included: anaesthetic pre-operative assessment (n = 1, 2%), nursing care 

assessment such as pressure ulcer risk and nutritional assessment (n = 1, 2%) and 

the use of Eastern Cooperative Oncology Group[328] (ECOG) performance status 

(n = 1, 2%). The seven (12%) respondents who reported not assessing frailty, 

included: nurse practitioners (n = 2, 29%), BACPAR-physiotherapists (n = 2, 29%), 

a clinical vascular scientist (n = 1, 14%), a consultant interventional radiologist (n 

= 1, 14%) and a consultant vascular surgeon (n = 1, 14%).  
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Figure 7.2 - Frailty assessment tools used by Scottish stakeholders. A visual representative of all frailty assessment tools reported as used in clinical practice 
by vascular surgery healthcare professionals. This includes: End of Bed/Initial clinical evaluation[159], Clinical Frailty Scale[94], Critical Limb Ischaemia 
Frailty[155], Addenbrookes Vascular Frailty Score[100], Healthcare Improvement Scotland (HIS) ‘think frailty’ FRAIL scale[269], Grip strength[70], Hospital 
Frailty Risk Score[133], 11-item modified Frailty Index[192] and the 5-item FRAIL Scale[329] instruments. 
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7.4.1.3 Significance of frailty 

The majority of respondents (n = 53, 88%) described being ‘comfortable’ or ‘very 

comfortable’ with the frailty concept with agreement to some extent that there 

was added value to assessing frailty over and above comorbidity (n = 46, 77%) and 

disability (n = 49, 82%). A lesser proportion described using frailty assessments to 

help guide management plans (n = 30, 50%) or for joint decision-making (n = 33, 

55%), Figure 7.3. Of eighteen (30%) respondents who described not using frailty 

assessment to guide management plans, most (n = 14, 78%) were not consultant 

or trainee surgeons: nurse practitioners (n = 3, 17%), clinical vascular scientists (n 

= 3, 17%), vascular nurse specialists (n = 2, 11%), consultant interventional 

radiologists (n = 2, 11%), BACPAR-physiotherapists (n = 2, 11%), a physician 

associate (n = 1, 6%) and a podiatrist (n = 1, 6%). Similarly, of seventeen (28%) 

respondents describing not using frailty assessment for joint decision-making, 

most (n = 11, 65%) were not consultant or trainee surgeons: nurse practitioner (n 

= 3, 18%), consultant interventionalist (n = 2, 12%), vascular nurse specialist (n = 

2, 12%), BACPAR-physiotherapists (n = 2, 12%), clinical vascular scientist (n = 1, 

6%) and physician associate (n = 1, 6%). 
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Figure 7.3 - Healthcare providers’ familiarity and utilisation of frailty assessment in clinical practice. 
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7.4.1.4 Interprofessional differences in opinion 

There were demonstrable differences between surgeons (consultant vascular 

surgeon and junior surgical doctors) and non-surgical healthcare professionals. 

Surgeons were more likely to report being comfortable with the frailty concept (n 

= 40, 98%) compared to non-surgeons (n = 13, 68%), p < 0.05. Further, surgeons 

were more likely to use frailty as part of designating management plans (n = 26, 

63%) compared to non-surgeons (n = 4, 21%), p < 0.05. Within surgical respondents, 

there were no observed differences between consultants and junior doctors, Table 

7.3.  
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Table 7.3 - Interprofessional differences in practice. 
 Surgeons 

(consultant and 
junior doctors) 

n=41 (%) 

Non-surgeons 
 
 

n=19 (%) 

 
 
 

Statistics 

Consultant 
vascular surgeons 

 
n=24 (%) 

Surgical 
trainees 

 
n=17 (%) 

 
 
 

Statistics 
Comfortable with the 
frailty concept (scores 
4+/5) 

40 (98) 13 (68) χ2 (1, n=60) = 
10.698 

p=0.001* 

24 (100) 16 (94) χ2 (1, n=41) = 
1.447 

p=0.229 
Agree added value to 
assessing frailty over 
comorbidity (scores 4+/5) 

32 (78) 14 (74) χ2 (1, n=60) = 
0.138 

p=0.710 

20 (83) 12 (71) χ2 (1, n=41) = 
0.943 

p=0.331 

Agree added value to 
assessing frailty over 
disability (scores 4+/5) 

34 (83) 15 (79) χ2 (1, n=60) = 
0.137 

p=0.711 

21 (88) 13 (77) χ2 (1, n=41) = 
0.855 

p=0.355 
Use frailty to guide 
management plans (scores 
4+/5) 

26 (63) 4 (21) χ2 (1, n=60) = 
9.320 

p=0.002* 

17 (71) 9 (53) χ2 (1, n=41) = 
1.373 

p=0.241 

Use frailty for joint 
decision making (scores 
4+/5) 

26 (63) 7 (37) χ2 (1, n=60) = 
3.704 

p=0.054 

18 (75) 8 (47) χ2 (1, n=41) = 
3.349 

p=0.067 
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7.4.2 Interviews/focus groups 

A total of seven individual interviews and four focus groups (three groups of three 

and one group of four) were conducted, recruiting 20 participants. There were no 

interviews terminated early or cancelled. This included twelve consultant vascular 

surgeons, three surgical trainees, three vascular nurse specialists, one BACPAR-

physiotherapist and one nurse practitioner across four regional NHS health boards 

with vascular ‘hub’ service provision. Mean interview duration was 44 minutes (35 

– 60 minutes) with a total of 8 hours and 4 minutes of interview time recorded. 

 

Four themes were identified with several subthemes. These were: (i) 

conceptualising frailty through a vascular lens, identifying (ii) drivers for 

change in approach to frailty. (iii) Challenges and opportunities were identified 

in exploring methods for doing this. Lastly, HCPs identified potential risks and 

benefits to (iv) operationalising frailty for vascular services to benefit patients, 

clinicians and services by directing collaborative, frailty-centric pathways in 

service provision, Figure 7.4.  
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Figure 7.4 - Themes and subthemes. Flow diagram representing the themes and subthemes derived from thematic analysis of structured interview and focus 
groups. 
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7.4.2.1 Theme 1: Conceptualising frailty through a vascular lens 

There was agreement around frailty existing as a complex, multidimensional 

construct, producing a degree of vulnerability and/or dependence which can exist 

independently from age, comorbidity and physical fitness: 

“Frailty covers a huge spectrum of situations where patients have 
become less physiologically robust and that might be due to specific 
comorbidity, and I accept that comorbidity and frailty might be 
different, or it might just be that they’re getting old and therefore 
don’t have the same reserve that they used to have. So, it’s a 
multifactorial thing which is slightly difficult to define and certainly 
slightly difficult to quantify as well” (Consultant vascular surgeon, 
CVS1). 

 

Subtheme 1.1: Frailty demographics differ in vascular surgery 

Frailty was felt to be common in the vascular population. It was appreciated that 

typically increasing age is associated with a greater risk of frailty. However, there 

was a clear feeling that in a vascular population, there was a disproportionately 

greater number of younger patients presenting with advanced frailty compared to 

the general population. In these circumstances some alluded to a relationship 

between frailty, socioeconomic factors and medical comorbidity: 

“The amount of high quality life that people have varies far more by 
socioeconomic status than by age. I think working in Scotland and with 
the [Vascular] population that we have, it’s so obvious” (Junior doctor, 
JD1). 

 

Subtheme 1.2: Frailty complicates ‘usual’ decision-making 

Frailty was recognised as having important prognostic value, mainly that of 

increased vulnerability to surgical stress which can influence surgical decision 

making and expected clinical course. Vascular surgery was described as a 

speciality where a substantial proportion of treatment is offered on a time-

sensitive basis to patients with high disease burden and with a variety of treatment 

options, each affording a different burden of stress. Clinical decision-making was 
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felt to be intricate and nuanced, and HCPs recognised an additional complexity 

that frailty introduces to this process: 

“You can recognise it but it’s quite hard to pin down as to what it 
means, what its implications are and what the severity is. So, I think 
the whole concept is very nebulous to start with…It’s hard because 
you’re going to assess someone when they’re sick and unwell and it’s 
not always straight forward to know what’s recoverable and what they 
can get better from.” (CVS2). 
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7.4.2.2 Theme 2: Drivers for change 

Subtheme 2.1: Frailty affects a growing number of vascular 
patients  

There was unanimous agreement that frailty is becoming an increasingly common 

problem, compared to historic clinical interactions. The primary reasons for this 

were felt to be arising from increasing life expectancy as well as progress in 

surgical technique that has enabled successful active treatment beyond what was 

historically possible, specifically endovascular treatments. Frailty was commonly 

described as a result of living longer due to medical treatment enabling comorbid 

survival but, perhaps for younger frail patients, social factors were recognised as 

important contributors to poor health quality and early onset frailty:  

“It’s a modern epidemic to some extent. We’re living longer and we’re 
not living better. We’re increasingly complex, more comorbid and a 
more disengaged society so there’s all sorts of problems that probably 
weren’t there or weren’t so exposed in the past”. (CVS2). 

 

Subtheme 2.2: Frailty means greater risk and greater care 
requirements 

It was universally felt that caring for frail patients introduced particular 

considerations and challenges whether describing surgical or non-surgical 

treatment. The primary implication recognised by all HCPs was that frail patients 

are vulnerable, their ability to tolerate physiological stress, big or small, is limited 

and consequentially there was recognition that frail patients are more likely to 

suffer adverse health outcomes. Typically this was illustrated by a description of 

adverse health outcomes occurring as a multistep sequence of patients 

unravelling, often initiated by a seemingly innocuous insult: 

“You know, not letting somebody get constipated so they end up with 
a [discharge] delay from confusion, falls and stump dehiscence for 
example.” (Physiotherapist). 

Surgeons primarily considered the implications of frailty in the context of their 

ability to safely offer surgical or endovascular treatment. Typically, a 
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conservative, or non-operative, approach was preferred in order to mitigate the 

risk of systemic harm, even in instances where more aggressive treatment may be 

preferable for the pathology. Some surgeons reflected on the opportunity frailty 

can offer in delivering realistic medicine, aligning patients’ priorities with clinical 

management plans. This could mean subjecting patients to more invasive 

treatment and possibly a more tumultuous perioperative course, in order to 

prioritise patient-centred care goals, provided a positive outcome was felt 

achievable: 

“By salvaging [arterial reconstruction] him as he is just now, I think we 
will be able to maintain functional independence for him in his own 
home. Whereas, if we were to subject someone with the level of frailty 
which he currently has to a major limb amputation, I think he would 
struggle to rehabilitate. So, I think the question as to how frailty 
influences clinical practice will actually be quite variable depending on 
who you’re talking to”. (CVS3).  

Nonmedical HCPs also recognised additional considerations for providing care for 

frail patients compared to robust counterparts. Frail patients were typically felt 

to have greater nursing care requirements, primarily in personal care and nutrition 

which can be challenging to meet in a fast-paced surgical ward. Having to 

prioritise medically urgent care commonly meant softer aspects of nursing care 

might not be met which was felt to have a detrimental effect on the general health 

and rehabilitative capacity of frail patients.  

“There are more people that have more needs now, like incontinence, 
or 2-hourly turns to prevent skin damage. Vascular is crazy, it’s a 
continuous flow of patients and then if patients are coming back from 
theatre, you’re with them a long time and it’s maybe not meeting 
everybody else on the floors needs. So, if your band two’s and three’s 
[care support workers] aren’t on the ball, then people can slip through 
the net. Like somebody sitting with them just to help…it’s things like 
not being able to cut up their own food or they’re maybe needing a 
plate guard just to assist them, and prompting with their eating...” 
(Staff nurse, SN).  

A loss of independence and reliance on (in)formal support was identified as a key 

part in the frailty pathway. There was recognition that a patient’s ability to access 

and/or comply with (even the least invasive form of) care plans could be entirely 

reliant on the components of community delivered social care packages. There 
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was an understanding by HCPs that successfully delivering care to frail patients 

relied on clear, bidirectional lines of communication within a multidisciplinary 

approach. It was felt critical for HCPs to elucidate and understand the degree of 

support each patient requires, and clearly communicate care instructions to 

variable support networks: 

“So, with regards to compression you have different types of stockings, 
different grades and classes. Giving anyone a decent class of stocking, 
if they’re frail, they’re not going to manage so you need to bear that 
in mind in terms of how they’re going to be supported, either by 
community nurses or by family or carers or whatever else. Or indeed if 
they’re going to manage at all with it.” (Vascular nurse specialist, VNS). 

A differentiation between physical frailty and psychological frailty was explored 

by some, recognising the multidomain nature of frailty and the more 

comprehensive support these patients may require. There was an impression that 

psychological frailty, described by some as ‘not having a zest for life’ was an 

important factor in some patients failing to tolerate physiological stress and return 

to premorbid levels of function. Some felt there was overlap between 

psychological frailty and social vulnerability where patients were less likely to 

engage in treatment in the absence of a self-perceived satisfactory social role. 

The ability to care for this need in a hospital setting was difficult in the absence 

of staff with adequate time to provide emotional support or practical 

considerations like nightingale-style wards: 

“I think when they’re taken out of their environment, they think they’re 
not going to make it. Some people just turn their head to the wall and 
just think that, like, maybe that’s their time.” (SN). 

 

Subtheme 2.3: Discrepancies in attitudes and awareness create 
barriers to care provision and access 

While interviewees felt they had a good understanding of frailty and its 

implications, there was a general impression this was not reflected on a wider 

service level: 

“I still think the big problem is acknowledging frailty and how many of 
our patients are frail and sometimes we ‘burry our head in the sand’. 
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Patients are living longer; we've got more treatments we can offer, and 
this will only become a bigger problem.” (JD2). 

There were important questions raised around meeting the care needs of this 

patient cohort in the absence of education and awareness, recognising the clinical 

utility of frailty and how the service may target this to improve patient care: 

“It's a lack of awareness of being able to do anything about [frailty]. 
Or, that you can improve outcomes for these patients or even, you 
know, it can help you to guide management rather than just saying, oh 
well, they’re frail. Not having an awareness of the ability to do 
something about it means that mobilising the resource then becomes 
more of a barrier because it's not seen as something that is a valid 
construct.” (JD3). 

Some expressed concerns that a misunderstanding about the ability to positively 

influence the medical course of an unwell frail patient meant this had precluded 

some patients in accessing appropriate care: 

“I think frailty is a really important problem within vascular surgery 
particularly because I think vascular patients are the ones that become 
frail the fastest. I have worked in units or specialities where clinicians 
have identified frailty as a reason to disengage or not accept referrals. 
Their concern about the patient’s anticipated poor clinical outcomes 
means there is a reluctance to get involved in the first place as surgeons 
worry about causing harm when trying to treat surgical pathology”. 
(JD2) 

Further, HCPs felt there were inconsistencies in the general population’s 

understanding of the frailty concept which could challenge clinical communication 

due to patients and/or relatives presenting with unrealistic expectations and 

negatively influence perceptions of individualised healthcare journeys: 

“The biggest challenge perhaps is not just with us healthcare 
practitioners, whatever brand of medicine or surgery you do, it’s with 
patients. Because, well [I know that] some people don’t recognise their 
own frailty. So, maybe a more important thing is to try and introduce 
the concept of frailty to a general population. During COVID there were 
lots of people who’s grandads were really, really fit and well until they 
went into that nursing home and died. But they weren’t that fit and 
well when they go to that nursing home really, they were frail.” (CVS3). 
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Subtheme 2.4: Services not reflecting principles of modern 
medicine 

A key driver for changing the approach to managing frailty is perhaps the 

recognition by vascular surgeons that many were attracted to the speciality 

because of a sense of professional responsibility and personal fulfilment that came 

with pursuing a career in a speciality which is felt to recognise the importance of 

both surgical and medical management of patients. Yet increasingly complex 

patients and a rapidly evolving evidenced-based health care system can make it 

challenging to deliver such holistic care: 

“I also think that when you have really complexly comorbid patients, 
when you’re surgical, it’s difficult to keep on top of all the changes in 
medicine and what the current best practice is…there’s a lot of stuff 
where I think we don’t manage optimally and we could probably be 
doing better in surgical wards to minimise the hit from operating and 
to try and minimise the perioperative medical damage…I think it’s 
unrealistic somehow to expect us as surgeons to keep on top of all that” 
(JD1). 

This is complicated by the busy nature of the speciality of which part of the 

success in service delivery relies on rapid patient turnover. HCPs recognised that 

both the comprehensive and, at times, complex nature of care requirements 

demand a multifaceted approach which is challenging to deliver in a streamlined 

way, limited by a lack of resources. Yet there was an appreciation that the service 

could perhaps be redesigned to better meet the needs of patients and optimise 

staff utilisation: 

“We’re going back to the health economics thing, what’s the best use 
of us as vascular surgeons? It’s probably dealing with the outpatient 
waiting lists, the emergencies that come in, the theatre waiting lists. 
It’s getting time to revascularisation sorted…sorting these things that 
are kind of urgent. So, if we could be freed up by getting help with 
[medical management of patients], that might be within our remit, but 
not quite, that would be useful”. (CVS4.) 

The challenges introduced by additional care needs were particularly noticeable 

in discussing rehabilitation and discharge planning to support a safe transition 

between hospital and community care. Clear communication and continuity in 

care between inpatient and outpatient care was felt crucial in this process, as a 
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breakdown in this could affect treatment compliance and negatively impact 

patient care. Growing pressures on community and social care were felt to 

commonly result in delays in meeting discharge care requirements, long hospital 

admissions and complex periods of convalescence.  

“People have high demands for getting home, or they need to move to 
accommodate a wheelchair and different things, some patients get 
stuck quite readily [in hospital], so beds aren’t always available”. (SN). 
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7.4.2.3 Theme 3: Difficulties and opportunities 

All interviewed surgeons reported assessing frailty as part of clinical interactions 

with patients. While such an assessment was unanimously described simplistically 

(‘end of bed’ assessment), the component parts of this process reflect the 

complex and multidomain nature of the construct. Clinicians described a variable 

constellation of screening questions, as well as an in-person visual assessment, 

developed through clinical experience, to establish a combination of functional 

(in)dependence, medical co-morbidity, cognitive function and psychosocial 

parameters which were used to ascertain the presence, and severity, of frailty: 

“I suspect a lot of my colleagues make a subjective assessment of 
frailty, looking at physiological reserve, multiorgan dysfunction, 
physical capability, ability to mobilise, potential to rehabilitate, higher 
level of function, their independence, need for carers, meal prep…it’s 
a combination of these things.” (CVS5) 

Surgeons unanimously described professional pride and confidence in their clinical 

acumen, acknowledging subjectivity in assessment without a loss of ‘test’ 

sensitivity or accuracy: 

“I think we don’t routinely use a formal frailty score, but I don’t think 
that means we notice less frailty.” (CVS6) 

Conversely, non-medical HCPs tended to describe a lack of confidence in 

perceived ability to assess frailty due to an lack of education and structured 

guidance on how to do so: 

“I don’t think I do a good job; I don’t think I properly assess it. I think 
it’s a lack of confidence, that’s for sure. Just, I have never properly 
looked at it [assessing frailty], but you know, it’s crossed my mind 
before. Because I have thought about it, we should probably all look at 
this in a bit more detail.” (Physiotherapist). 
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Subtheme 3.1: Challenges in assessment  

HCPs felt there was merit in standardisation in the approach to frailty assessment, 

even beyond the confines of vascular surgery as a speciality. It was felt utilisation 

of one standardised tool would endorse universal understanding of the frailty 

construct, as well as the proposed assessment format, which would be key to 

setting up and delivering frailty-centric care: 

“There’ll always be limitations to any tool, so it’s better to stick to one 
and use it well.” (CVS7).  

However, the ability to identify a preferred frailty assessment tool proved difficult 

with HCPs citing several challenges to this process, including an abundance of 

tools resulting in tool unfamiliarity, a lack of evidence and a lack of confidence in 

tool selection. There was also felt to be a system-wide lack of awareness and 

understanding of the frailty concept, with an abundance of frailty tools felt to be 

complicating an already underappreciated and confused construct: 

“The problem is also you never know what other people's understanding 
is. And I think the reality is that when it comes to frailty, people 
respond much better to, and this is a housebound man who has four 
times a day package of care, who can't walk up the flight of stairs rather 
than, oh, they've got a score of something or other, you know?” (JD2). 

There were also concerns about tool validity and the ability to conceptualise the 

complex decision making process that underpins a surgeon’s end of bed 

assessment. Further, surgeons appreciated a heterogeneity in clinical 

manifestation of frailty and variability in how it interplays with pathophysiological 

and treatment stress burden. There was an impression that the prognostic validity 

of a tool, with any degree of statistical accuracy, would be questionable when 

utilising population based tools for stochastic patient interactions: 

“It's the complexity of the disease. I see frailty not just as a single 
domain, it’s multiple biological systems failing to produce that common 
pathway of frailty. I wonder how the complexity of frailty can be 
standardized. One person's frailty is different. So, it’s a case of 
standardising/quantifying that, I’m not sure I could.” (CVS4). 

Counterintuitive to the expressed interest in utilising frailty assessment to help 

guide accurate decision making, most surgeons reported they felt it unrealistic to 
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expect widespread uptake of different disease- and treatment-specific frailty 

tools and were willing to compromise on this as part of an acceptance that frailty 

assessment likely plays a bigger role than solely acting as a predictive test: 

“Having a single standardised frailty assessment tool across NHS 
Scotland in clinical practice would be helpful, even if the prognostic 
accuracy is less in certain circumstances.” (JD2). 

 

Subtheme 3.2: Desired tool characteristics 

Five categories were identified that HCPs felt would give them confidence in 

adopting a standardised frailty assessment tool: Relevant, Accessible, Validated, 

Evidenced and Standardised (RAVES), Figure 7.5.  

Relevant/Accessible: the tool must be quick, user friendly and not require 

additional information surplus to that routinely collected during a clinical 

interaction.  

Valid: The tool must demonstrate content validity, distinguishing it from an excess 

of tools with perceived questionable accuracy. Questions were raised around the 

ability to accurately conceptualise the intricate process clinicians conduct in 

subjective frailty assessments however. 

Evidenced: There were comprehensive discussions around the need for evidence 

to support the promotion of a tool. Surgeons expressed a desire to observe positive 

predictive and prognostic values as well non-inferiority/superiority evidence 

comparing tool sensitivity to the established subjective measures of assessment 

performed by clinicians. However some clinicians felt that variation in the quality 

of evidence supporting evidence-based practice can be significant. Some drew 

parallels with other tools described as measures of fitness with a perceived low 

quality evidence base, with the impression such tools held no role in replacing 

clinical assessment, but performed well as an adjunct in complimenting complex 

decision making around challenging clinical cases: 
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“You’ve seen the role that [cardiopulmonary exercise testing] plays in 
our AAA decisions. I think that it is part of a jigsaw and you know, for 
some patients it undoubtedly changes the direction we're going. So I 
think frailty could be used in the same way.” (CVS8).  

Standardised: The tool must be used consistently across all areas of clinical work 

and medical specialities to ensure users develop tool/construct familiarity, 

improved awareness of its implications and accurate use of the proposed tool.  
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Figure 7.5 - Desired frailty assessment tool characteristics. 

 Relevant 
 Accessible 
 Valid 
 Evidenced 
 Standardised 
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7.4.2.4 Theme 4: Operationalising frailty for vascular services 

There were conflicted opinions when exploring the role for formalisation in frailty 

assessment processes. There were concerns around the functional utility and a 

risk of unintended harm to patient outcomes, professional interactions and patient 

communication. Conversely there was an impression that formalising an 

established process represented an opportunity for improving awareness and 

creating a standard against which health care infrastructure and patient care can 

be developed against. 

 

Subtheme 4.1: Frailty assessment and risk of harm 

The primary role for frailty assessment identified by surgeons lay in patient 

selection and the ability to identify patients who are at greatest risk of coming to 

harm from surgical intervention and who may best be served by 

palliative/symptom-based management. Its presence commonly formed part of 

professional discussion and informed discussion with patients/relatives to 

rationalise treatment options. However, concerns were expressed by some around 

a perceived lack of clinical utility in introducing a standardised formal frailty 

assessment tool to this process. Two key areas of concern were expressed: (a) the 

feasibility of conceptualising a tool that replicates intricate clinical assessments 

of frailty status, and (b) the ability of a population-based risk assessment tool to 

consider the uniqueness of stochastic patient interactions and/or replicate the 

burden of decision surgeons navigate during clinical decision making processes. An 

inability to replicate these processes in an objective tool were felt to introduce a 

risk of patient harm:  

“So, I think we make a complex, multifaceted decision that we probably 
don’t give ourselves enough credit for. So that, that’s the complexity I 
need replicated [in an assessment tool] because clearly, I don’t want 
to overtreat people, but I also don’t want to undertreat people.” 
(CVS4).  
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Further concern was raised about unintended negative patient interactions if such 

a tool were to be used in isolation or as substitution for clinical assessment: 

“It could have legal ramifications as well, where patients challenge 
your decision making.” (CVS9). 

It was also felt a frailty tool might confuse multidisciplinary processes and could 

be used to inappropriately influence clinical decision making: 

“The risk is that non-surgical specialists start using these tools to 
inappropriately make decisions on whether or not to operate on 
patients. I don’t think they should be doing that.” (CVS2). 

Some felt the decision to formalise a frailty assessment would only act as a 

surrogate for a process that has already taken place, introducing unnecessary 

additional paperwork to time-limited clinical situations. Ultimately, there was a 

perception that a score derived from an assessment tool could not replace clinical 

acumen, and at most it could serve a role as an adjunct in enhancing the 

multifaceted approach to constructing clinically appropriate, individualised 

management plans for patients: 

“The sense I’m getting is that frailty is going to be an adjunct at the 
moment. I think the reason we have MDT meetings, the reason we have 
a group of consultants is so we can bounce ideas off each other and 
regulate ourselves…it would be nice to show something validated that 
will help us in that decision making.” (CVS4). 

 

Subtheme 4.2: Serving a greater purpose 

A positive role for formalising frailty assessment was more clearly defined when 

discussing its value more generally, considering frailty assessment as more than 

the score it produces. HCPs felt more could be done to overcome the additional 

medical, nursing and community care challenges inherent to the frailty 

syndrome. This would require a multifaceted, multidisciplinary approach 

centring around early problem identification and efficient collaboration. There 

was an impression that introducing standardisation in the approach to its 

assessment might be used to guide such development with three major positive 
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themes proposed: improving patient outcomes, unifying services through unified 

language and enhancing job satisfaction, Figure 7.6. 



272 
 

 

 

Figure 7.6 - Frailty assessment serving a greater purpose. 

“Vascular patients would 100% 
benefit from a dedicated 
[surgical frailty team].” (JD2). 

“If we’re all talking the same 
language by using the same tool, 
there’s merit in that.” (CVS1). 

“If we can get the best outcomes for 
people by not completely owning the 
situation, I’ve not got a problem with 
that.” (CVS4). 
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Improving patient outcomes and experience 

HCPs generally appreciated a role for utilising frailty scoring as a means of early 

identification of those who need additional input and may benefit from a frailty-

shared-care model/pathway, running from admission to discharge. This would 

involve identifying and quantifying the needs of vulnerable patients to build a 

framework against which aspects of multidisciplinary medical, nursing and social 

care can be redirected toward, with expectations this would improve health 

outcomes. This might include defining areas of medical care, not immediately 

relevant to the surgical presentation, that are amenable to optimisation with the 

view to mitigating physiological stress of surgery, enhance rehabilitative potential 

and improve health outcomes. This was usually discussed in the context of peri- 

or post-operative health care for acute admissions. Some queried a role for pre-

operative optimisation of elective/prophylactic patients, targeting ‘reversible’ 

areas of frailty, but felt additional evidence would be valuable to observe financial 

and health benefit to this prior to accepting a role for this clinical approach: 

“I think that is an interesting area and I think there isn’t enough 
evidence around the reversibility of frailty, it is poorly understood. I 
think a lot of people feel once a patient is labelled as frail, that’s it. 
However optimising frailty deficits would be good for a select group, in 
theory.” (JD3). 

A standardised frailty assessment was felt to represent an opportunity to structure 

a multidisciplinary approach to a successful ‘proactive instead of reactive’ 

approach to treating frail patients. This was perceived as likely to mitigate the 

recognised morbidity and mortality associated with frailty:  

“If you were a member of the public, you’d be like, yes, I want my 
surgeon doing more surgical things. And yes, I want my geriatrician 
looking after geriatric things. You know, we need to have the right 
person dealing with the right stuff at the right time.” (JD2). 
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HCPs felt the use of a standardised frailty assessment tool could be applied as part 

of a screening process to identify patients that are likely to benefit from a 

multifaceted, frailty-centric approach to their care: 

“I think to really benefit you would need to be almost prospectively 
identifying these patients. Because again, I think one of the things we 
do less well on a surgical ward is that we get medical help quite late 
for these patients. We wait until everything has properly fallen to 
pieces…and I guess a frailty score could be part of that.” (JD1). 

Further, there was an impression that patient, and relative, expectation 

management and healthcare experience could be improved by adopting a simple 

and objective measure of frailty to help navigate challenging conversations by 

bridging discrepancies in understanding, rationalise treatment options and guide 

informed discussions around intended benefits and risks of treatments as well as 

informing consent processes: 

“Frailty assessment [by a surgical frailty team] is also helpful for 
informed decision making with the patient, where we can inform them 
of the expected impact of the surgery on them in terms of return of 
function, or not.” (CVS7). 

 

Unifying services through unified language 

Despite a recognition of frailty requiring a multidisciplinary approach to 

treatment, the care delivered to these patients was perceived to be suffering from 

a lack of joined up thinking. Enforcing a standardised frailty assessment tool was 

felt critical for enabling cohesion in care delivery on a service wide level through 

generating a unified language around a complex, heterogeneous construct. It was 

felt this would improve awareness and understanding of its ramifications, as well 

as benefiting (inter)-professional communication. Ultimately this would benefit 

healthcare outcomes by enabling greater sensitivity and consistency in the 

delivery of realistic medicine: 

“There’s merit in extending this beyond just the vascular world and 
even patients that are being referred into the vascular world, you know, 
it might just encourage a bit more realistic medicine. If we’re all talking 
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the same language by using the same tool, there’s merit in that.” 
(CVS1). 

Vascular surgeons take pride in the comprehensive surgical and medical care they 

provide for their patients. However, there was a growing feeling that the rising 

complexity of patients and advances in modern medicine made it unrealistic to 

continue to deliver comprehensive care without seeking advice from appropriate 

subspecialities. Standardisation in the approach to frailty assessment was felt 

salient to the ability to consistently identify patients and communicate 

anticipated multidimensional needs with appropriate members of a 

multidisciplinary team. Geriatricians were considered to be frailty-experts with 

surgeons commonly recognising a role for their involvement in elements of 

inpatient vascular patient care, including: proactively managing nuanced medical 

care, providing a medical opinion on likely post-operative trajectory, bringing 

close links with related medical specialities and improving efficiency in complex 

discharge planning process through familiarity with relevant in-hospital allied 

healthcare professionals and relevant spoke and community services: 

“I think it would be very good to have a team with more dedicated 
medical input for sure, because [our patients] are all old and frail, 
geriatricians are probably the right people.” (CVS6). 

In addition to perceived improvements in patient care, such a service was felt to 

improve service productivity due to the introduction of responsibility attribution, 

improving access to appropriate services, allowing deduplication in workload and 

improving efficiency in workload and time management. This was highlighted as a 

particular benefit to vascular surgery after the centralisation of services has 

meant a substantial proportion of inpatients rely on safe expatriation to local 

services for rehabilitation and discharge planning, as part of safeguarding limited 

tertiary speciality bed availability for emergency and planned admissions.  

“[The surgical frailty team are] helpful for organising best medical 
treatment and linking in with palliative care, where required, to ensure 
best symptomatic management. This has created really good links 
between in-hospital medical management and community care which 
helps expedite discharge planning. (CVS7). 
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A formal frailty score was also proposed as a novel and succinct approach for 

medical staff to highlight newly admitted patients to nursing staff who are 

vulnerable and at risk of requiring greater medical/nursing care, in order to direct 

limited nursing resources in an attempt to mitigate avoidable patient harm: 

“And it doesn't need to be lengthy, but it just means, I think it would 
be good if it was just one sheet of paper, like a frailty overview…and 
then it would maybe highlight to the nurses that they are one to watch, 
one to look out for.” (SN). 

Surgeons reflected on the ever increasing pressures on the NHS, both in-hospital 

and in community services. A loss of continuity in primary care from workforce 

challenges and difficulties in accessing services, as well as the introduction of non-

medical HCP referral pathways designed to mitigate these challenges, has altered 

the style of referrals. A perceived loss of historically intricate and long-standing 

relationships between a patient and their family doctor has meant referrals can 

lack important personal information that was helpful to the triage process. 

Surgeons expressed a positive opinion on the utility of a standardised frailty 

assessment score being able to bridge this gap, with some wondering if an 

assessment could be made as part of a patient’s annual health check-up. Surgeons 

explicitly stated it would be inappropriate to use a frailty score to decline a 

referral. There was an impression a frailty assessment would be mutually 

beneficial, enhancing community awareness of the construct and increasing 

opportunities for delivering realistic medicine. An important aspect of this was 

the opportunity this could afford patient counselling in the community: 

“GP’s have a different way of working now where they don’t see the 
same patient or have continuity the same so, absolutely, having a frailty 
assessment in the GP letter would be helpful to increase the amount of 
detail on the referral. Part of the problem is that primary care referrals 
are coming from different health care professionals, like nurse 
specialists or podiatrists, who are skilled at their job but may not be 
able to assess a patient holistically the way a doctor can, so a 
community frailty score would help overcome this.” (CVS10). 
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However, there were feelings of futility when discussing service restructuring due 

increasing pressures on NHS services from a growing disparity in resource 

requirement and the availability of time, staff and finances. Some expressed 

concerns that attempting to organise and deliver any new, collaborative, frailty-

centric service would only burden a limited resource pool further. 

“There aren’t enough geriatricians to just be geriatricians, so for 
someone to say well we’d now like to be involved in surgical 
patients…there’s not a push from the organisation, if you’d like, to say, 
yeh, we see this as a useful place to employ geriatrician time.” (CVS1). 

The success in introducing and sustaining a collaborative frailty-centric service 

was felt to be reliant on the demonstration of concurrent benefits to health 

outcomes and service efficiency balanced against competing financial priorities of 

a vascular department, such as surgical/endovascular equipment, training and the 

supplementation of established health care professional roles. A perceived lack of 

formal evidence was felt to be clouding buy-in from senior stakeholders and on a 

directorate level, obstructing the ability to implement change despite a perceived 

benefit: 

“So we used to have a Perioperative care for Older People undergoing 
Surgery service…they would go around and look at their medical 
comorbidities and try and optimize their medical condition but it has 
been withdrawn because it was not seen to be cost effective. We liked 
it, we thought it was quite good but I think they struggled to show a 
significant change in length of stay and bed days saved versus 
consultant and nursing salary.” (CVS11). 
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Enhancing job satisfaction 

Most surgeons looked favourably upon involving a geriatrician as a frailty-expert 

to improve the delivery of comprehensive and realistic medicine. Where such a 

service had successfully been implemented, there was a feeling of professional 

development with improved clinical knowledge as well as greater confidence in 

patient care: 

“It’s a positive working environment. Both teams feel valued and feel 
that the service benefits patients. Vascular surgery really respects and 
sees the value of the surgical frailty team’s opinions/assessments and 
advice. Equally the surgical frailty team feel really appreciated by the 
vascular surgery department because we really involve them in the 
decision making and planning.” (CVS7). 

The integration of medical physicians with vascular surgical teams was felt to 

empower surgeons and non-medical HCPs to take ownership of frail and complex 

surgical patients. There was a sense of satisfaction as HCPs felt patients were 

better cared for through opening access to proactive care that previously would 

have been challenging to deliver: 

“Having a surgical frailty team is useful as this helps to act as a point 
of contact to escalate medical concerns to, which may not be 
immediately relevant to surgical team. It gives me confidence in 
escalating concerns about patients…I think the outcomes for patients 
are better with their different background and different skillset, now 
that we have that service, and we have access to that team. Before the 
existence of the surgical frailty team, medical reviews were possible, 
but it wasn’t easy, it was more of a fight.” (Physiotherapist). 

This notion was complimented by an anticipated bidirectional relationship of 

learning between vascular surgeons and geriatricians, which was favourably 

considered as it spoke to the pride surgeons take in being involved in patient care. 

It came naturally therefore that some surgeons expressed concerns around how 

introducing regular medical help may result in surgeon deskilling. This was 

typically interpreted as a consequence of surgeons losing ownership over aspects 

of clinical decision making. Some felt a proposed loss of ownership could 

complicate patient admissions and result in additional delays to discharge. This 

was coupled with a sense of dissatisfaction around inadequately optimised theatre 

utilisation and a concern that a loss of involvement in medical care would not be 
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complimented by improved technical skill consolidation nor an ability to positively 

tackle theatre waiting lists: 

“My worry is that the healthcare service isn’t set up for efficient 
theatre utilisation so if we are not involved in patient care outside of 
theatre, then job satisfaction may drop substantially. We will just be 
sitting around as surgeons…” (JD3). 

Acknowledging these issues, the common priority expressed by surgeons was 

ensuring appropriate, tailored and patient-centred care in order to reduce harm, 

improve health outcomes and patient satisfaction. For most, the understanding 

was that these goals were more likely to be successfully met through a 

comprehensive approach, which includes introducing a collaborative 

multidisciplinary approach where appropriate. Key to this process, however, is the 

notion of collaboration: 

“I think that we’ve moved on, on the area of owning patients. I would 
value a geriatrician’s opinion. I think the key thing is not about 
ownership but it’s about collaboration. If we can get the best outcomes 
for people by not completely owning the situation, I’ve not got a 
problem with that.” (CVS4).  

Several drew direct examples from specialities that already deliver integrated 

medical and surgical care as standard practice. There was a feeling that such a 

setup had not only positively affected the care provided to patients with complex 

needs, but also demonstrated efficient resource utilisation and resulted in 

professional development, improving the surgical team’s confidence in 

independently managing some aspects of care where medical advice may 

previously have been sought: 

“Yeh, I mean, it works in transplant, doesn’t it. You know, joint surgical 
and medical ward rounds. And I suppose, if one day, one of them isn’t 
there, it doesn’t fall to bits!” (CVS8). 
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7.5 Discussion  

This study set out to address an evidence gap, assessing the perception and 

utilisation of frailty assessment by Scottish vascular surgery stakeholders. Frailty 

is recognised by most HCPs as an important construct due to its association with 

complex care needs and poor health outcomes. However, the questionnaires 

demonstrate a discrepancy between appreciation of frailty as a clinically relevant 

construct and the frequency to which frailty assessment is utilised in clinical 

decision-making. Further, the observation that vascular surgeons, compared to 

allied health care professionals, are more comfortable with the frailty concept 

and are more likely to consider it when formulating clinical management plans 

may well reflect differences in experiences and perceptions of professional 

responsibility and job roles between occupations within vascular surgery services. 

Follow up interviews and focus groups expanded on this difference with 

nonsurgical professionals tending toward considering frailty more holistically. 

Value is seen in early frailty identification to assist in managing aspects of the 

patient journey as a whole, identifying those with greater care and discharge 

planning requirements. However, there is an apparent lack of confidence around 

frailty assessment and an appetite for more formalised training to assist in 

recognising, and communicating, its presence. Alongside this is a view that 

standardising a service-wide approach, targeted toward complex frailty-related 

care needs, would facilitate non-surgical HCPs in their ability to seek help where 

patient needs were identified that fall outside the perceived remit of a vascular 

surgeons expertise.  

 

In comparison, surgeons tend to consider frailty primarily in the context of patient 

selection for operative or non-operative management. An awareness of the 

multifaceted nature of the syndrome was reflected in the intricate and sensitive 

processes clinicians reported when elaborating on their subjective (“end-of-bed”) 

measures of assessment. Concerns around the ability of a tool to conceptualise 

complex clinical assessment meant surgeons were tentative in perceiving a role 

for adopting a standardised frailty tool for this purpose. This expands on previously 
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reported discrepancies between growing progress in frailty-research and a relative 

lesser appetite for adopting these tools into clinical practice. In keeping with 

current literature, care providers report a surplus of validated tools cause 

unfamiliarity, confusion and a concern over tool validity.[261] In looking beyond 

this however, surgeons did recognise that evolving patient demographics and 

restricted resources increasingly challenged holistic, patient-centred care for frail 

patients: a growing role for integrated multidisciplinary team input for these 

patients was identified. 

 

Increasingly it is recognised that vascular care is delivered by the whole vascular 

team, with the sum of the product only being as good as its component parts. With 

HCPs recognising that more can be done to improve outcomes for frail patients, 

introducing a standardised frailty assessment may be the first step in achieving 

this. Where historic research efforts primarily propose the role of frailty 

assessment for prognostication purposes[90], perhaps the greatest benefit may 

sooner be observed in unifying language, improving awareness and creating shared 

goals in frailty management. This will help overcome barriers to improving 

outcomes by guiding the restructuring of disjointed and resource-limited 

healthcare services, ultimately enabling infrastructure to better reflect the 

principles of modern healthcare which HCPs strive toward. Unifying health and 

social care services’ approach to caring for vascular patients with frailty is of 

critical value following the centralisation of vascular services where the successful 

delivery of medical and nursing care relies on clear, concise communication 

between all members of the multidisciplinary team caring for vascular patients, 

across community care, primary, secondary health care centres and between hub 

and spoke services.[330] Key to this is the proposed continuous collaborative 

efforts between geriatricians and care providers with a specialist interest in care 

of the older patient with surgical directorates.[331]  
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The benefits in unifying language speak to the needs expressed by frail patients 

in surgical wards. Patients prioritise feeling informed, being involved in decision-

making and take greater comfort in feeling nurtured for, than considering the type 

of intervention they received.[303] Feelings of nurtured care have been exampled 

by frail patients in social support and practical assistance with aspects of daily 

activities. Allied HCP in this study recognised these needs but felt it difficult to 

always identify and provide them. Training and improved awareness could help 

focus attention toward identifying and managing patients care priorities, 

promoting realistic medicine principles.  

 

7.5.1 Consistency with frailty assessment in current literature 

Geriatricians are similarly incentivised by a collaborative approach which is 

primarily motivated by their recognition that surgical patients, particularly 

vascular patients, often have considerable care needs that could most suitably be 

met by skillsets offered by geriatricians.[332, 333] The recognition of shared 

priorities is observed in the growing momentum of integrated perioperative 

services internationally.[334] The British Geriatrics Society has recognised the 

need to standardise geriatric medicine input for the care of older surgical patients 

and have produced guidelines setting out key clinical, governance and 

educational/training principles for service models to refer to when setting up 

collaborative pathways: Peri-operative Care for Older Patients Undergoing Surgery 

(POPS).[87] Examples of successful alignment of services has produced a strong 

business case for involving geriatricians in the care of surgical patients.[1, 89, 334, 

335] Demonstrable improvement in health outcomes across vascular surgery and 

non-vascular surgical specialities alike have been observed, which improve as 

models evolve over time.[89, 336]  

 

The data from this study is consistent with current literature. In addition to the 

UK study described earlier in the introduction to this chapter, an Italian nation-

wide cross-sectional study of vascular surgeons’ perception and utilisation of 
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frailty assessment demonstrated concordance with a high level of appreciation of 

the importance of frailty as a construct (93%). Despite this, most surgeons do not 

use a formal frailty assessment instrument, meaning frailty was felt to be 

underassessed, and likely undertreated. This was felt to be due to insufficient 

guidance on available instruments as well as a relative knowledge gap around 

perioperative management of frailty, and a lack of staff or time.[337] Of note, 

when frailty assessment tools were used, the Rockwood Clinical Frailty Scale 

(CFS)[94] was preferred by clinicians in studies.  

 

7.5.2 Implications for future work 

The findings in this study resonates with current literature, re-iterating the call 

for reaching a consensus on a common approach to frailty assessment.[265, 285] 

This study identifies a role for further research to be targeted at comparing 

clinimetric properties of subjective means of frailty assessment (“end-of-bed” 

test) with validated tools that comply with the RAVES criteria set out in this study. 

This may be complimented by incorporating MoSCoW prioritisation principles, a 

framework which the requirements identified by stakeholders can be matched 

against an abundance of frailty tools. It consists of four categories: ‘Must have’, 

‘Should have’, ‘Could have’ and ‘Won’t have’.[338-340]  

 

This study identifies a role for exploring proposed benefits of a collaborative 

frailty-centric service delivery models through outcome measures that might 

historically be less commonly considered by surgical directorates. These may 

include patient (and family member) reported outcome measures and incidence 

of frailty-associated morbidity. There is also a role for promoting continued 

qualitative exploration of the departments providing or working toward such 

collaborative efforts. This has already been declared a priority by some 

(colorectal) surgical guidelines, as presented in Chapter 2 section 2.10. Governing 

bodies, like British Geriatrics Society and Centre of Perioperative care[87], 

Getting It Right First Time[341] and the American College of Surgeons publication 
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of ‘Optimal Resources for Geriatric Surgery’[342] have set out clear clinical 

guidelines and care pathways in the management of frail surgical patients. There 

is a call for these to be utilised in the development of geriatric-specific quality 

control and outcome indicators to then be made available for institutional 

registration with audit processes to allow benchmarking and continued 

development of existing programmes.[343, 344]  

 

7.5.3 Strengths and limitations  

This was a multi-centre mixed methods qualitative study with excellent 

recruitment from the majority of Scottish health boards, including all that provide 

a vascular surgery ‘hub’ service. Including all members of the clinical team caring 

for a vascular patient was a deliberate effort to capture frailty and its implications 

on a vascular service in the broadest sense. The broad inclusion and data 

collection method enables this study to recognise the far-reaching effects of 

frailty for all relevant care providers within vascular services. This may better 

inform policy makers and any subsequent implementation of frailty care programs 

for vascular patients in secondary care.  

 

There was a large contribution from vascular surgeons, with data saturation felt 

to have been satisfactorily achieved. A role for expanding on the views of allied 

HCPs is identified, to accurately reflect the multidisciplinary care team that is 

required to provide holistic care for frail surgical patients. Where allied HCPs did 

take part, there was a self-described lack of confidence on the topic, reported to 

be due to inadequate training provision, which may have negatively impacted 

recruitment. The professional relationship that I had with some of the 

interviewees means some participants may have presumed a degree of shared 

knowledge, influencing the content of discussion. The effect of this was minimised 

through the use of the same standardised interview guide. Further, any 

subsequent unintentional bias in thematic analysis was mitigated through 
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independent coding and joint thematic analysis with an expert in qualitative 

methodology with no surgical background.  
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7.5.4 Conclusion 

Vascular surgery HCPs recognise the importance of frailty in clinical practice. 

Assessment of frailty is primarily performed through subjective clinical assessment 

as part of any clinical interaction. A call was made for standardising the 

assessment of frailty primarily due to a multitude of positive implications this 

would bring to unifying disjointed services into the multidisciplinary collaborative 

approach frail patients require from health care services. Improved health 

outcomes, refining patient education/counselling and enhanced job satisfaction 

were implicated in this movement. The utility of a standardised frailty assessment 

in prognostication is disputed by surgeons due to concerns around how a 

population-based tool can replicate nuanced surgical decision-making. This study 

highlights the need for future research to be directed at identifying a standardised 

tool for service wide adoption, delineating the opinions stakeholders have on 

desired characteristics for such a tool as well as the need to validate this against 

the commonly utilised ‘end of bed’ test to infer test validity and encourage uptake 

in clinical practice. 
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Chapter 8 Discussion 

8.1 Chapter summary 

This chapter presents and discusses a summary of the findings of the work 

presented in this thesis. The findings for each research question are presented 

first, followed by a discussion of the strengths and limitations to this body of work. 

Thereafter, this chapter will discuss where the work in this thesis sits relative to 

current literature with implications for clinical practice. Following on from this 

will be a discussion on proposed areas for future research. 
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8.2 Summary of findings 

With the work presented in this thesis I set out to explore the implications of 

frailty in vascular surgery patients, specifically examining methodological 

approaches to frailty assessment in research and clinical settings. I conducted a 

study to examine the feasibility of routine frailty assessment in a vascular 

outpatient setting. Additionally, my mixed-methods study was conducted to 

develop an understanding of observed discrepancies between the role of frailty 

assessment in research and clinical practice. It is reiterated that as the prognostic 

value of frailty assessment has been demonstrated previously, it was felt there 

would be no additional benefit to repeating this work in this thesis. 

 

8.2.1 Research question 1: What are the methodological 
approaches to frailty assessment in vascular surgery related 
research. 

Research question one was addressed through a two-part systematic review 

presented in Chapter 3. In the first systematic review (111 studies), I identified 

significant issues with heterogeneity in instrument selection, mode of data 

analysis and poor methodological description of tool application. This has 

generated disparate data which challenges data pooling for meta-analysis and 

weakens the evidence base for translation of research findings into clinical 

practice. To minimise data wastage and enhance research impact, I have made 

recommendations for standardising the application and reporting of frailty 

assessment both in research and clinical practice. 

 

The second systematic review (11 studies) explored psychometric and clinimetric 

properties of commonly adopted frailty assessment instruments in surgical 

populations with the view to informing clinicians and policy makers. The most 

notable finding was the stark paucity of evidence in the vascular field. For this 

reason, I broadened the search syntax to encompass COSMIN assessment of frailty 

instruments used across any surgical population, not just vascular surgery. When 
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assessed, the majority of instruments (both frailty index and cumulative deficit 

model/person assessed) demonstrated acceptable psychometric and clinimetric 

properties when applied to surgical populations. However, due to the relative 

paucity in studies, and the included populations, I believe there is a role for 

further psychometric assessment of frailty instruments, particularly in middle-

aged patients who may be living with early-onset frailty.  

 

8.2.2 Research question 2: Can frailty assessment be implemented 
as part of routine care in clinical practice 

There were three parts to this research question, expanded upon below, which 

the FAVOUR study addresses. The methodological approach to this study was 

presented in Chapter 4, and describes an approach to routine, prospective frailty 

assessment in a vascular urgent-referral (‘hot’) clinic using five different frailty 

assessment instruments: Clinical Frailty Scale (CFS, clinician- and patient-

assessed), Initial Clinical Evaluation (ICE), Healthcare Improvement Scotland 

‘think frailty’ FRAIL scale (HIS FRAIL), Frail nonDisabled questionnaire (FiND) and 

11-item modified frailty index (mFI-11). In Chapter 5 and Chapter 6 I summarise 

clinimetric results as well as early (30-day and post-operative day 30) follow-up 

results respectively, evaluating and comparing each tool’s prognostic value. An 

additional 1-year follow-up is planned for the FAVOUR study, however, the results 

are not available for inclusion in this thesis at the time of writing, and will instead 

be analysed and amalgamated with early results for journal publication at a later 

date. 

 

8.2.2.1 Research question 2a: What is the feasibility of routinely measuring 
frailty in an outpatient setting.  

The results presented in Chapter 5 address research question 2a. My results show 

that implementing routine frailty assessment in a vascular surgery outpatient 

setting is possible. Vascular surgery clinicians (consultant and trainees) can 

independently complete subjective and objective measures of frailty assessment 
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within seconds. In comparison, both researcher-applied and patient self-

assessment take substantially longer. Further, most patients require assistance to 

complete self-assessments and would typically request help from their proxy if 

present (so proxy recruitment was discontinued). For this reason, frailty 

assessment when applied by vascular surgery clinicians is felt to be the superior 

mode of application in this setting. A key observation in this study was that 

patients were inclined to consider themselves more robust than clinician 

assessment would suggest. This has important implications when considering 

informed decision-making and realistic patient expectations. Introducing a 

standardised frailty assessment represents an opportunity to bridge discrepancies 

in patient/clinician expectations and improve patient’s subjective experience of 

their healthcare journey. 

 

8.2.2.2 Research question 2b: How do clinimetric properties of frailty 
assessment tools compare in prospective frailty assessment. 

The results presented in Chapter 5 address research question 2b, a response to 

the identified paucity in psychometric and clinimetric evaluation of frailty 

assessment tools which I presented in Chapter 3. Compared to reference standard 

(clinician applied CFS), vascular surgeons initial clinical evaluation (ICE) 

demonstrated superior convergent validity, strength of agreement and correlation 

compared to the other frailty screening tools that were examined. An unconscious 

bias in clinician assessment was demonstrated in the observation that clinicians 

were more likely to consider female patients to be frail, which was not replicated 

in objective measures of assessment. Important psychometric and clinimetric 

considerations are also made. Firstly, the observation that mFI-11 correlated 

better with comorbidity measure CCI than the selected frailty assessment tools, 

supports the proposition that it is sooner a measure of comorbidity than frailty. 

The appropriateness of the mFI-11 being the most commonly used tool for 

assessing frailty in vascular research (as demonstrated in Chapter 3) is therefore 

questioned. Secondly, FiND did not correlate with well with frailty assessment 

instruments. The instrument is designed to identify and distinguish frailty from 

disability. However, the poor specificity and correlation with other frailty tools 
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raises the question if this might sooner be considered a measure of function only. 

The role of relying on phenotypic measures of frailty in a population with such a 

high prevalence of disability-inducing pathology, remains to be clarified (as 

discussed in Chapter 5 and Chapter 6). For this reason, based on the data 

presented in this thesis, and in acknowledging satisfactory psychometric and 

clinimetric properties, an argument is made to adopt the CFS assessment for 

prospective frailty screening vascular patients in an outpatient setting when 

applied by clinicians. 

 

8.2.2.3 Research question 2c: How do the prognostic properties of frailty 
assessment compare in prospective frailty assessment. 

The results presented in Chapter 6 address research question 2c. In prioritising 

studying the feasibility measures in FAVOUR, the results were limited by a 

moderate sample size and it is likely the study was underpowered for observing 

short-term outcomes. For this reason, no single frailty assessment tool was 

observed to hold greater prognostic value than another. However, the prevalence 

of frailty was observed to be high and although no statistical significance was 

observed, the presence of frailty assessment by clinician-assessed CFS, ICE and 

Healthcare Improvement Scotland (HIS) FRAIL instruments trended toward 

associations with increased risk of morbidity, mortality and longer hospital 

admissions. These results are in keeping with the well-recognised increased risk 

of morbidity and mortality that has consistently been demonstrated in vascular 

surgery patients living with frailty, as discussed in Chapter 2. Patients proceeding 

to surgical management of vascular pathology were more comorbid but the 

presence of frailty did not affect the mode of operative treatment (endovascular 

vs. open surgery). While this observation may suggest technical considerations for 

the treatment of vascular pathology takes precedence over ‘host’ factors, I discuss 

a proposed role for aggressive ‘palliative’ revascularisation (elaborated upon in 

Chapter 7) and how the availability of surgical versus endovascular skillset may 

have influenced these data in Chapter 6. This study therefore demonstrates the 

need to recognise frailty as a condition that has previously demonstrated clear 
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associations with worse perioperative outcomes (although not replicated in this 

study’s early results) and tailor clinical care to mitigate these risks. 

 

8.2.3 Research question 3: What are stakeholder’s perception and 
utilisation of frailty assessments in a vascular surgery 
setting. 

The work presented in Chapter 7 is designed to address research question 3. I 

conducted a mixed methods study to understand the perception and utilisation of 

frailty assessment in clinical practice by both vascular surgeons and allied 

healthcare professionals serving vascular patients. The study demonstrated that 

vascular surgeons acknowledged the clinical relevance of frailty in patient 

selection due to associations with worse health outcomes. However, an 

unfamiliarity and uncertainty over tool validity, born out of the abundance of 

heterogeneous instruments, has meant surgeons tend to prefer subjective 

measures of assessment. Further there was concern around the ability of 

population based tools to accurately replicate nuanced clinical decision-making. 

Ultimately, the introduction of a standardised frailty assessment was felt likely to 

have imprecise prognostic value, sooner identifying patients more generally as 

‘high risk’ operative candidates. Conversely, non-surgical healthcare professionals 

considered frailty more holistically, considering nursing care requirements, 

functional needs and multifactorial discharge considerations. The critical finding 

in this study was the common recognition that frail vascular patients were at 

increased risk of morbidity and mortality and more could be done to mitigate 

these risks and improve outcomes. Key to this process is the universal call for 

standardising the approach to frailty assessment, less so for prognostic value, and 

primarily due to a multitude of positive implications this would bring to unifying 

disjointed services into the multidisciplinary collaborative approach frail patients 

require from health care services. There was an acknowledgement that 

standardisation in frailty assessment would preferably take the form of adopting 

a single instrument across all healthcare professionals and on an interdisciplinary 

level across adult specialities, accepting this would be associated with lower 
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levels of prognostic accuracy for the variety of pathologies and treatment options 

relevant to vascular surgery patients.  
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8.3 Strengths and limitations 

Several strengths and limitations to the body of work presented in this thesis have 

been identified and have been presented in the discussion sections for each 

respective chapter. This section discusses general points across the body of work 

presented in this thesis.  

 

Firstly, all original work presented in this thesis (including systematic review, 

prospective observational study and mixed-methods study) was conducted 

according to a pre-registered and/or published protocol which ensures 

transparency and credibility of the conducted work (see appendices). Further, 

pre-registration and/or publication of study protocols also enhances the 

reproducibility and integrity of all original work. This is further complimented by 

the inclusion of complete search syntax’s for the systematic/literature reviews, 

comprehensive display of frailty assessment instruments and complete structured 

interview guide, where relevant. This will enable researchers to accurately 

replicate studies, thereby demonstrating research concordance, or more accurate 

comparisons between differing populations, where desired. Overall this will 

facilitate data pooling, increasing the strength of evidence that can be taken from 

generated data. 

 

The adoption of binary age cut-offs (e.g., typically > 65 years) for diagnosing 

frailty may be considered a contentious issue. Authors of certain frailty 

assessment instruments commonly describe an instrument as validated only in an 

older population (including Clinical Frailty Scale, Edmonton Frail NonDisabled 

questionnaire, Critical Limb Ischaemia Frailty, Addenbrookes Vascular Frailty 

Score, FiND and Hospital Frailty Risk Score).[195-198, 345-347] The evidence 

produced by such age cut-offs will guide frailty-specific treatment pathways and 

therefore has implications for the general population accessing medical 

treatment. By discounting arbitrary age cut-offs, the work presented in this thesis 

demonstrates the prevalence of frailty across older as well as middle-aged patient 
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groups, producing evidence relevant to a vascular population. This should act 

positively in reducing inequity in healthcare access and provision. For academic 

rigour, it is important these tools are validated in middle-aged populations to 

confirm the validity of results and their interpretations/conclusions (elaborated 

upon in section 8.4.1). 

 

There are limitations to the work that has been presented in this thesis. Firstly, I 

accepted broad and varying definitions of frailty when including studies in the 

systematic review with the view to summarise comprehensively current research 

and clinical practices. However, I noted a repeated area of discrepancy in authors’ 

definitions of the relationship between frailty and sarcopenia. To ensure 

methodological consistency, the decision was made to exclude studies describing 

sarcopenia measurements as surrogate markers of frailty. As discussed in Chapter 

2, sarcopenia and frailty are not mutually exclusive constructs, particularly in 

considering the phenotypic theory of frailty. For this reason, it may be argued that  

this exclusion criterion means the methodological approaches to frailty in research 

practice is incompletely summarised. A review comparing the clinical utility of 

frailty and sarcopenia in vascular patients demonstrated that radiologically 

diagnosed sarcopenia, in isolation, was not clinically useful. Whereas frailty 

demonstrated clear associations with worse outcomes.[83] The findings were 

limited by poor quality studies and few included studies using validated 

assessment tools (for frailty and sarcopenia alike). An updated review of this 

literature would be of clinical and academic interest.  

 

The prospective observational study included participants attending a single-

centre vascular ‘hub’ site which serves a catchment area that incorporates 

approximately 1.7 million patients, constituting one third of the Scottish 

population. Although the catchment area is comprehensive, the data from this 

study would benefit from corroboration through the recruitment of further hub 

site(s). Firstly, there are differences in the ethnic background of the Scottish 
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population with a smaller proportion of black and ethnic minorities compared to 

English or Welsh populations.[348, 349] Further, adjusted indices of multiple 

deprivation have also demonstrated differences in UK populations with greater 

levels of deprivation in Ireland and Wales but higher mortality rates in deprived 

areas in Scotland compared to English populations of similar deprivation index. 

Complementing the data generated from this study through study replication 

across additional tertiary centres caring for different patient demographics would 

enhance generalisability of the data, and research impact. A further limitation 

identified in the prospective observational study is the moderate sample size of 

recruited participants which negatively influences the confidence in statistical 

analysis of the data. Although recruitment of participants was good, the 

recruitment period was relatively short in order to achieve the primary aims of 

the study within the timescale of my research fellowship. Corroborating the 

findings by replicating the study in alternate vascular ‘hub’ centres would be of 

value. 

 

Lastly, despite excellent recruitment to the mixed-methods study, a degree of 

selection bias may be observed in the disproportionately lower numbers of non-

surgical health care professionals that were recruited. The observation that non-

surgical HCPs report a self-described lack of confidence in their understanding, 

and utilisation, of frailty assessment, supports this argument.  
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8.4 Implications of findings 

The implications of the individual components of work presented in this thesis 

have been discussed in each relevant chapter. This section will draw on key points 

made in this thesis and discuss them within the context of broader literature. 

 

Progress has been made in the understanding of frailty as a heterogeneous, 

multifactorial and complex construct which has demonstrated clear associations 

with morbidity and mortality. Research advances in frailty have been compared 

to those made in oncological fields, creating defined categories toward its 

approach: 1) defining disease features for measurement, 2) understanding of 

pathophysiological mechanisms, and 3) developing disease-modifying 

interventions.[350] The work in this thesis addresses considerations relevant to 

the first point, namely developing an understanding of frailty measurement, with 

the view to better informing approaches to the latter points. A key message is 

defining the role of frailty assessment in vascular surgery practice. From the body 

of work presented in this thesis I propose migrating away from attempts to define 

prognostic accuracy for predicting surgical outcomes, as is favoured by clinicians 

and evidenced in frailty-related vascular research.[60, 61, 63] Instead, the 

primary role of frailty assessment may well lie in improving understanding and 

awareness of frailty and its implications. This will help to develop a framework 

against which patients can experience improved access to redirected 

multidisciplinary services with the view to ameliorate the well-recognised poor 

health outcomes. 

 

The work presented in this thesis demonstrates the growth in frailty-related 

research interest has resulted in a growing number of frailty assessment 

instruments as well as increased variability in methodological application of such 

tools. A discordance between frailty theories (cumulative deficit model and 

phenotypic model), and the derivative assessment instruments, has also been 

demonstrated.[351, 352] In fact, an argument has been made that the phenotypic 
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model of frailty in fact represents only one avenue (‘physical frailty’[353, 354]) 

of the multidomain nature of frailty and fails to consider similar frailty syndromes 

such as cognitive frailty[355], social frailty[356] and organ-specific frailty.[357] 

With most vascular patients presenting with mobility-limiting pathology (CLTI), 

this may represent a bias in assessment. Further, many instruments have been 

purposefully designed to meet the research interest of specific studies and have 

not been operationalised on larger populations.[358] Nevertheless, the ability of 

instruments based on either frailty theory to risk stratify frail populations in a 

general way is accepted, and has been explored and discussed within a vascular 

surgery population context earlier in this thesis. With this, some may argue the 

adaptation of a tool derived from either theory is suitable for population screening 

purposes.[353] However, different models of frailty, and associated assessment 

instruments, are likely to capture different groups of adults experiencing variable 

frailty pathways.[351, 352] Critics would therefore argue caution in adopting 

different assessment instruments in varying population subgroups where the 

clinical significance of such differences are typically poorly understood.[359] In a 

vascular surgery population, two specific considerations are identified which may 

affect frailty assessments: 1) the high prevalence of early-onset frailty in a 

middle-aged population, and 2) common vascular pathology is associated with 

impaired physical function. 

 

Historically frailty would be considered a syndrome of old age. However, the 

observation of frailty in middle aged populations suggests that there may be 

pathological ageing mechanisms that takes place independently from 

chronological ageing. People living with early-onset and late-onset frailty have 

demonstrated significant differences in health deficit and demographic data. 

Multi-national population based studies demonstrate patients living with early-

onset frailty are more likely to score worse in mental well-being, pain scores and 

immunological domains. This is compared to patients living with late-life frailty, 

who score worse in sensory, cardiometabolic, musculoskeletal and cancer health 

domains.[360] A link with socioeconomic deprivation in early-onset frailty has also 

been demonstrated, with significant associations with low education and 
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occupation levels in young people living with frailty which was not replicated in 

older patients with frailty. In general surgery populations, early-onset frailty is 

associated with comorbidity, polypharmacy, cognitive impairment and social 

deprivation, whereas late-onset frailty is only significantly associated with 

increasing age.[361, 362] The observed differences between patients living with 

early-onset compared to late-onset frailty may imply different underlying 

pathological mechanisms that culminate in similarly reduced homeostatic reserves 

and poor health outcomes from heterogeneous aetiological risk factors. Despite 

these differences, frailty retains its value as a marker of poor prognosis 

irrespective of age. Improved understanding of these proposed different 

pathological mechanisms observed in different demographic groups is likely to 

benefit approaches to its assessment, which will similarly guide tailored 

approaches to syndrome modification. It is unlikely that a blanket approach to its 

prevention and/or treatment will be successful, emphasising the need for 

dedicated specialist input to provide patient-centred personalised care plans. 

With this in mind, the role of arbitrary age cut-offs in frailty screening to access 

relevant services should be reconsidered. Current British Geriatrics Society’s 

(BGS) “Fit for Frailty” (2015) recommendations state only older adults (aged > 75 

years) should be assessed for the presence of frailty during all clinical 

encounters.[363] It is also common practice that established liaison geriatric 

services describe an arbitrary minimum age cut-off (typically > 65 years) which 

patients must achieve prior to accessing services.[364] This may, in part, be due 

to a relative paucity in research practice where no tool has been validated 

exclusively in younger (aged < 60 years) populations.[346] In considering the 

observed early-onset frailty in this patient population, and the 5-year all-cause 

mortality for patients diagnosed with CLTI being 50%, a substantial proportion of 

vascular patients will never reach the minimum age requirements to benefit from 

much needed care.[365] Therefore, a role for formally validating frailty 

assessment tools in middle aged populations (for all medical specialities) is 

identified. 
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Secondly, the work presented in this thesis demonstrates that a significant 

proportion of the clinical workload for vascular surgeons is made up of patients 

presenting with signs and symptoms of end stage peripheral arterial disease of the 

lower limb. This is typically chronic limb threatening ischaemia but the growing 

obesity epidemic and secondary diabetes mellitus is driving a rise in microvascular 

complications and diabetic foot emergencies.[366] Incidentally, it has also been 

observed that diabetic related morbidity is associated with an accelerated ageing 

process and increased risk of frailty.[367-369] Both pathologies are associated 

with significant impairment in physical function which presents inherent 

considerations in frailty assessments if intending on relying solely on phenotypic 

measurements, producing a high prevalence of frailty. This differs from population 

studies. When comparing frailty assessment instruments based on phenotypic 

measurements of frailty with cumulative deficit models, differences in correlation 

have been observed when applied to different populations. The greatest 

agreement between mode of assessment is observed when applying assessments 

to older patients (aged > 80 years) with high prevalences of comorbidity and 

functional impairment.[359] Conversely, discordance is greatest in middle-aged 

patients with significant comorbidity. This confounds the age-associated health 

deficit and demographic differences discussed previously. Patients with early-

onset frailty are more likely to be diagnosed as frail when applying a frailty index, 

but not phenotypic measurement, of frailty. This suggests young frail patients 

typically experience multimorbidity but retain physical resilience and 

independence. The degree to which the functional impairment observed in 

common vascular pathology correlates to or influences the onset and/or 

progression of frailty, may prove difficult to differentiate and indeed more could 

be done to elucidate this relationship. This is particularly relevant when 

considering the aforementioned “Fit for Frailty” guidelines which recommend 

phenotypic measures of frailty for screening older adults (aged > 75 years) during 

any clinical encounter, including: ‘gait speed’[370], ‘timed-up-and-go’[371] or the 

‘Program of Research to Integrate Services for the Maintenance of Autonomy 

(PRISMA-7)’[372] questionnaire.[363]   
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Frailty should not be considered an inevitable part of the ageing process, as 

measures can be taken to deter, delay, or reverse, its onset.[373] Geroscience, 

describes a scientific field designed to enhance understanding of the intersection 

between health, the biology of ageing and chronic disease.[374] This is with the 

view to inform methods for prevention and/or treatment of health deficits. 

Complimenting this is the salutogenic promotion of healthy ageing for improved 

health quality and independent living in older age.[375] Salutogenic models have 

demonstrated intrinsic and extrinsic factors supporting human well-being and 

health, such as being part of a supportive social networks, high levels of education 

and socioeconomic demographics and engaging with leisure activities.[376] 

Developing an understanding of the interaction between salutogenic factors and 

methods for optimising health domain deficits stands to produce substantial 

advances in frailty management on a population level. This should be a public 

health priority as part of promoting healthy living for both chronologically and 

biologically older adults as the primary consumers of health and social care 

services.[377] Defining an agreed approach to frailty identification represents a 

key component of this process. 

 

Frailty is multifactorial and multifaceted and so any approach to identification 

and/or treatment should be multimodal to reflect this. It feels appropriate to 

suggest that within a vascular ecosystem patients living with frailty are identified 

and subjected to a structured, multi-step service model beginning with a 

standardised approach to case identification. This would feed into comprehensive 

evaluation by an appropriately trained individual to identify and quantify frailty-

related domains. After quantification, measures would then be taken to optimise 

identified deficits through the recruitment of relevant HCPs through formalised 

service pathways with interested HCPs working a job plan with sessions dedicated 

toward frailty-service care provision. For patients managed operatively this would 

include peri- and post-operative management plans which may or not be 

protocolised to encourage understanding and adherence. This could be likened to 

the Enhanced Recovery After Surgery (ERAS) which describes a care pathway 

including evidence-based items designed to reduce perioperative stress, maintain 
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perioperative physiological function and accelerate recovery from surgery.[378] 

As part of facilitating an expedited and supportive discharge process, such a frailty 

pathway would ideally benefit from direct links with community medical and 

social services with continued follow-up, ensuring continual optimisation and 

promotion of healthy ageing. To reflect the nature of vascular surgery services, 

both elective and unplanned patients must be able to access such a services as 

exposure to frailty-sensitive care pathways has demonstrated benefits in both 

circumstances, as discussed earlier in this thesis. The application of a standardised 

frailty screening tool could in theory be applied during any patient contact (e.g., 

routine outpatient clinic or post emergency surgery), and by any HCP. Identified 

patients would then be enrolled in the frailty care pathway at any point relevant 

to their care. Frailty services should run in parallel, complimenting surgical care 

and reflect a collaborative ethos. For inpatients this may consist of joint-care 

exhibited in weekly multidisciplinary ward rounds for selected patients and/or 

multidisciplinary team meetings. Outpatient care may be best served by the 

development of geriatrician-led outpatient surgical clinic for frail patients to 

attend, to plan perioperative optimisation, or for continued patient-centred care 

where surgical management may not be deemed appropriate. A graphical 

representation of such a proposed service model is presented in Figure 8.1. 
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Figure 8.1 - A theoretical model of a collaborative vascular-geriatric frailty service model. 
Modified from www.popsolderpeople.org/about.[379] 
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Although not specific to vascular surgery, a service similar to the aforementioned 

model has been successfully set-up and delivered in the Guys and St Thomas NHS 

Trust, coined the “Perioperative Care for Older People undergoing Surgery 

Network (POPS).[380] This is a geriatrician-led service aimed at improving 

outcomes for surgical patients through the application of the comprehensive 

geriatric assessment (CGA) to identify areas for improvement from which a 

multidisciplinary care team can be coordinated to deliver patient-centred, frailty-

centric care.  

 

In contrast to the rapidly applied tools preferred by surgeons in this study, the 

comprehensive geriatric assessment (CGA) is the cornerstone to modern geriatric 

care and consists of a multidimensional and holistic framework against which 

geriatricians assess patients and address frailty issues.[381] The comprehensive 

nature of such an assessment is time consuming, taking upward of two hours, and 

for maximal benefit should be applied by appropriately trained individuals.[86, 

382] Attempts have been made to introduce a shorter CGA-toolkit for application 

by surgeons in secondary care. Unfortunately, despite initial enthusiasm, the aims 

of the toolkit were not achieved due to divergent views on professional domains 

and a desire by surgeons for continued geriatrician support as part of service 

improvement which was complicated by competing professional priorities.[331] 

This reiterates the importance of continued interdisciplinary collaboration as part 

of respecting professional duties and continued job role satisfaction.  

 

To safeguard a resource intensive service as part of service development, a two-

stage system is proposed: a] early frailty-screening using a standardised 

assessment tool for HCPs to easily and consistently identify frail patients followed 

by b] escalation to collaborative multidisciplinary services spearheaded by a 

geriatrician for CGA. Examples of successful models have been presented in 

Chapter 2, Figure 2.7. Despite the growth in geriatric-surgical care models, there 

remains considerable variation in access across the UK.[383] The structure of 
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various collaborative approaches will differ between healthcare establishments 

and so the accumulation of dedicated cost-efficiency data as well as the 

dissemination of experiential knowledge and collaboration with commissioners is 

sought after to support the continued growth of such services. Where collaborative 

services have been established, it is worth noting that a minority receive funding 

from a surgical directorate, suggesting more could be done to improve awareness 

of the role for geriatric input across surgical boards.[262, 384]  

 

Chapter 2 has explored challenges in achieving perioperative optimisation for 

vascular patients, primarily born out of time-sensitive pathology and time-

restricted guidelines.[4] Despite these challenges, examples of successful 

alignment of services exist, producing a strong business case for involving 

geriatricians in the care of vascular and surgical patients in a formalised and 

structured manner.[16, 18-20] However, the roll-out of such a service across NHS 

trusts has been challenging.[337] In an attempt to mitigate challenges, a trimodal 

approach to rolling out POPS services across the UK has been made available, 

which includes: 1) POPS toolkit, a free-to-access compilation of useful resources 

to help set up a service, 2) Expert coaching, and 3) Assisting services with the 

identification of measurements for improvement.[385] In practice, the 

constituent parts and daily functioning of frailty services will differ between 

health care services depending on available resources and established practices. 

However, standardising the diagnostic tool, and language, around frailty will help 

bring clarity to clinicians and policymakers, helping to unify fragmented services 

and improve outcomes for frail patients. 

 

An abundance of frailty tools and variable guidelines may generate clinician 

uncertainty when exploring frailty assessment instruments and considering 

implementing them in practice. However, the number, and variability, in available 

instruments also acts as a representation of the heterogeneity of the syndrome 

and a testament to the versatility of assessment instruments. Ultimately, the 
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decision to adopt one tool over another should be based on a thorough 

understanding of the intended benefit of the assessment, population requirements 

and an understanding of what differing frailty assessment instruments offer. The 

proposed clinical and managerial benefits to standardising frailty assessments in 

vascular surgery have been discussed in Chapter 7. Based on available literature, 

current policy, psychometric and clinimetric evaluation and primary studies 

presented in this thesis, I recommend the CFS is considered for adoption by 

vascular surgery services for screening purposes to identify vulnerable patients 

who are felt to potentially benefit from collaborative frailty services. In this vein, 

formal validation of the psychometric properties of the CFS when applied to 

younger populations (aged < 65 years) is of clinical and research interest.[347]  
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8.4.1 Directions for future work 

Areas for further work have been identified and discussed throughout each 

chapters in this thesis. Some of which have been addressed by parts of the work 

conducted in this thesis. This section summarises three outstanding areas that I 

have identified for future research.  

 

Firstly, improving the understanding of aetiological risk factors and pathological 

mechanisms observed in early-onset compared to late-onset frailty. This is likely 

achieved through large epidemiological observational studies exploring intrinsic 

and extrinsic mechanisms such as genetic predisposition, social and environmental 

exposures as well as behavioural risk factors. An improved understanding of 

underlying mechanisms will inform approaches to case identification and 

syndrome modification.  

 

Secondly, there is a key requirement for validating frailty assessment tools in 

middle aged populations through large scale psychometric studies. A direct 

comparison of psychometric properties when applied to middle-aged (i.e., age < 

65 years) compared to older adults (i.e., aged > 65 years) will be particularly 

relevant for updating healthcare policies. This work should include comparisons 

of tools that are designed based on differing theories of frailty (cumulative deficit 

and frailty phenotype). To maximise applicability of results, such studies should 

ideally be applied to large populations. Where this cannot be achieved, the 

publication of detailed methodological processes should be encouraged to enable 

study replication and enhance research impact. This will contribute toward 

updating policies and guidelines, encouraging access to appropriately designed 

health services. 
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Lastly, the degree to which the functional impairment observed in common 

vascular pathology correlates to or influences the onset and/or progression of 

frailty remains uncertain. A role is identified for direct comparisons of tools 

designed to assess disability to tools used to assess frailty (particularly according 

to phenotypic measurements), as part of exploring this relationship in patients 

with mobility-limiting pathology. This should be complimented with long-term 

observational studies with pre-specified outcome measures to understand the 

clinical significance of measured constructs.  
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8.5 Conclusion 

Frailty is a complex, multifactorial syndrome associated with significant morbidity 

and mortality and appears to be over-represented in the vascular surgery 

population, particularly in middle-aged adults. There is substantial heterogeneity 

in approaches to frailty assessment in clinical and research practice which may be 

associated with variable diagnostic and prognostic accuracy which introduces 

considerable implications to clinical and service planning. The prognostic accuracy 

of a considerable number of frailty assessment tools have been demonstrated in 

research fields, and have been accepted by vascular surgery healthcare 

professionals. However, vascular HCPs identify a greater purpose for frailty 

assessment in clinical practice. This includes the implementation of standardised 

frailty assessments in clinical practice to guide unification of language, awareness 

of a growing problem and to redirect the attention and priorities of 

multidisciplinary services toward a common purpose with the view to improving 

health care delivery and improving outcomes for this vulnerable patient group. As 

part of achieving shared care goals, a deepened understanding of early-onset 

frailty and the interplay with mobility-limiting pathology, particularly in 

considering frailty phenotypically, is recommended.  

  



310 
 

Chapter 9 References 

1. Welsh SA, M.P., Pathmanathan S, Hussey K, Brittenden J, Orr DJ, Quinn T, 
Frailty in peripheral arterial disease. J Vasc. Soc. G. B. , 2023. 2(3): p. 
128-133. 

2. Koh, B.J.Q.W., Q. Lee, I.J.Y. Wee, N. Syn, K.S. Lee, J. Jie Ng, et al., 
Frailty scoring in vascular and endovascular surgery: A systematic review. 
Vascular Medicine, 2022. 27(3): p. 302-307. 

3. Etzioni, D.A., J.H. Liu, M.A. Maggard and C.Y. Ko, The aging population 
and its impact on the surgery workforce. Ann Surg, 2003. 238(2): p. 170-
7. 

4. TheVascularSocietiesofGreatBritainandIreland. Provision of Services for 
People with Vascular Disease 2021. 2021  [Date Accessed:13/09/2022]; 
Available from: 
https://www.vascularsociety.org.uk/_userfiles/pages/files/Resources/FI
NAL%20POVS.pdf. 

5. Murphy, M.C., C.F. Castner and N.T. Kouchoukos, Acute Aortic 
Syndromes: Diagnosis and Treatment. Mo Med, 2017. 114(6): p. 458-463. 

6. NHSEngland. Service Specifications: Specialised Vascular Services 
(Adults). 170004/S.  [Date Accessed: 24/04/2024]; Available from: 
https://www.england.nhs.uk/wp-content/uploads/2017/06/specialised-
vascular-services-service-specification-adults.pdf. 

7. HeartResearchInstitute. Atherosclerosis: causes and risk factors. 2024  
[Date accessed: 24/04/2024]; Available from: 
https://www.hriuk.org/health/learn/cardiovascular-
disease/atherosclerosis. 

8. Kiechl, S. and J. Willeit, The natural course of atherosclerosis. Part I: 
incidence and progression. Arterioscler Thromb Vasc Biol, 1999. 19(6): p. 
1484-90. 

9. Grundy, S.M., J.I. Cleeman, S.R. Daniels, K.A. Donato, R.H. Eckel, B.A. 
Franklin, et al., Diagnosis and management of the metabolic syndrome: 
an American Heart Association/National Heart, Lung, and Blood Institute 
Scientific Statement. Circulation, 2005. 112(17): p. 2735-52. 

10. NationalHeart, L. Vasculitis: Whatis vasculitis. 2023 22/05/21023 [cited 
[Date accessed: 24/04/2024; Available from: 
https://www.nhlbi.nih.gov/health/vasculitis. 

11. Haq, S.A. and C. Pagnoux, Infection-associated vasculitides. Int J Rheum 
Dis, 2019. 22 Suppl 1: p. 109-115. 

12. Al Mahruqi, G., E. Stephen, I. Abdelhedy, H. Al Mawaali, B. Al Musalhi, Z. 
Al Balushi, et al., Congenital Vascular Malformations: A Quick Recap. 
Oman Med J, 2022. 37(2): p. e347. 

13. Saeedi, P., I. Petersohn, P. Salpea, B. Malanda, S. Karuranga, N. Unwin, 
et al., Global and regional diabetes prevalence estimates for 2019 and 
projections for 2030 and 2045: Results from the International Diabetes 
Federation Diabetes Atlas, 9(th) edition. Diabetes Res Clin Pract, 2019. 
157: p. 107843. 

14. United Nations, D.o.E.a.S.A., Population Division. World Population 
Ageing 2019. 2020  [cited [Date accesed: 24/04/2024; Available from: 
https://www.un.org/en/development/desa/population/publications/pdf/
ageing/WorldPopulationAgeing2019-Report.pdf. 



311 
 

15. Kisling, L.A. and M.D. J, Prevention Strategies, in StatPearls. 2024, 
StatPearls Publishing 

Copyright © 2024, StatPearls Publishing LLC.: Treasure Island (FL). 
16. Johnston, K.W., R.B. Rutherford, M.D. Tilson, D.M. Shah, L. Hollier and 

J.C. Stanley, Suggested standards for reporting on arterial aneurysms. 
Journal of Vascular Surgery, 1991. 13(3): p. 452-458. 

17. Fried, L.P., C.M. Tangen, J. Walston, A.B. Newman, C. Hirsch, J. 
Gottdiener, et al., Frailty in Older Adults: Evidence for a Phenotype. The 
Journals of Gerontology: Series A, 2001. 56(3): p. M146-M157. 

18. Rockwood, K. and A. Mitnitski, Frailty in Relation to the Accumulation of 
Deficits. The Journals of Gerontology: Series A, 2007. 62(7): p. 722-727. 

19. Fogg, C., S.D.S. Fraser, P. Roderick, S. de Lusignan, A. Clegg, S. 
Brailsford, et al., The dynamics of frailty development and progression in 
older adults in primary care in England (2006–2017): a retrospective 
cohort profile. BMC Geriatrics, 2022. 22(1): p. 30. 

20. De Geer, L., M. Fredrikson and M.S. Chew, Frailty is a stronger predictor 
of death in younger intensive care patients than in older patients: a 
prospective observational study. Annals of Intensive Care, 2022. 12(1): p. 
120. 

21. Hanlon, P., B.I. Nicholl, B.D. Jani, D. Lee, R. McQueenie and F.S. Mair, 
Frailty and pre-frailty in middle-aged and older adults and its association 
with multimorbidity and mortality: a prospective analysis of 
493&#x2008;737 UK Biobank participants. The Lancet Public Health, 2018. 
3(7): p. e323-e332. 

22. Xue, Q.L., The frailty syndrome: definition and natural history. Clin 
Geriatr Med, 2011. 27(1): p. 1-15. 

23. Mitnitski, A., X. Song and K. Rockwood, Improvement and decline in 
health status from late middle age: Modeling age-related changes in 
deficit accumulation. Experimental Gerontology, 2007. 42(11): p. 1109-
1115. 

24. Apóstolo, J., R. Cooke, E. Bobrowicz-Campos, S. Santana, M. Marcucci, A. 
Cano, et al., Effectiveness of interventions to prevent pre-frailty and 
frailty progression in older adults: a systematic review. JBI Database 
System Rev Implement Rep, 2018. 16(1): p. 140-232. 

25. Murad, K. and D.W. Kitzman, Frailty and multiple comorbidities in the 
elderly patient with heart failure: implications for management. Heart 
Fail Rev, 2012. 17(4-5): p. 581-8. 

26. Vetrano, D.L., K. Palmer, A. Marengoni, E. Marzetti, F. Lattanzio, R. 
Roller-Wirnsberger, et al., Frailty and Multimorbidity: A Systematic 
Review and Meta-analysis. J Gerontol A Biol Sci Med Sci, 2019. 74(5): p. 
659-666. 

27. Kojima, G., A.E.M. Liljas and S. Iliffe, Frailty syndrome: implications and 
challenges for health care policy. Risk Manag Healthc Policy, 2019. 12: p. 
23-30. 

28. Santilli, V., A. Bernetti, M. Mangone and M. Paoloni, Clinical definition of 
sarcopenia. Clin Cases Miner Bone Metab, 2014. 11(3): p. 177-80. 

29. Cho, M.-R., S. Lee and S.-K. Song, A Review of Sarcopenia 
Pathophysiology, Diagnosis, Treatment and Future Direction. J Korean 
Med Sci, 2022. 37(18). 



312 
 

30. Fried, L.P., E.C. Hadley, J.D. Walston, A.B. Newman, J.M. Guralnik, S. 
Studenski, et al., From Bedside to Bench: Research Agenda for Frailty. 
Science of Aging Knowledge Environment, 2005. 2005(31): p. pe24-pe24. 

31. Cruz-Jentoft, A.J., G. Bahat, J. Bauer, Y. Boirie, O. Bruyère, T. 
Cederholm, et al., Sarcopenia: revised European consensus on definition 
and diagnosis. Age Ageing, 2019. 48(4): p. 601. 

32. Walston, J., Frailty--The Search For Underlying Causes. Science of Aging 
Knowledge Environment, 2004. 2004(4): p. pe4-pe4. 

33. Clegg A, Y.J., Iliffe S, Rikkert MO, Rockwood K, Frailty in elderly people. 
The Lancet, 2013. 381(9868): p. 752-762. 

34. Bergman, H., L. Ferrucci, J. Guralnik, D.B. Hogan, S. Hummel, S. 
Karunananthan, et al., Frailty: an emerging research and clinical 
paradigm--issues and controversies. J Gerontol A Biol Sci Med Sci, 2007. 
62(7): p. 731-7. 

35. El Assar, M., J. Angulo and L. Rodríguez-Mañas, Frailty as a phenotypic 
manifestation of underlying oxidative stress. Free Radical Biology and 
Medicine, 2020. 149: p. 72-77. 

36. Pothier, K., W. Gana, N. Bailly and B. Fougère, Associations Between 
Frailty and Inflammation, Physical, and Psycho-Social Health in Older 
Adults: A Systematic Review. Front Psychol, 2022. 13: p. 805501. 

37. Leng, S.X., Q.L. Xue, J. Tian, J.D. Walston and L.P. Fried, Inflammation 
and frailty in older women. J Am Geriatr Soc, 2007. 55(6): p. 864-71. 

38. Walston, J., M.A. McBurnie, A. Newman, R.P. Tracy, W.J. Kop, C.H. 
Hirsch, et al., Frailty and activation of the inflammation and coagulation 
systems with and without clinical comorbidities: results from the 
Cardiovascular Health Study. Arch Intern Med, 2002. 162(20): p. 2333-41. 

39. Soysal, P., A.T. Isik, A.F. Carvalho, B.S. Fernandes, M. Solmi, P. Schofield, 
et al., Oxidative stress and frailty: A systematic review and synthesis of 
the best evidence. Maturitas, 2017. 99: p. 66-72. 

40. Inglés, M., J. Gambini, J.A. Carnicero, F.J. García-García, L. Rodríguez-
Mañas, G. Olaso-González, et al., Oxidative Stress Is Related to Frailty, 
Not to Age or Sex, in a Geriatric Population: Lipid and Protein Oxidation 
as Biomarkers of Frailty. Journal of the American Geriatrics Society, 
2014. 62(7): p. 1324-1328. 

41. Leng, S.X., H. Yang and J.D. Walston, Decreased cell proliferation and 
altered cytokine production in frail older adults. Aging Clin Exp Res, 
2004. 16(3): p. 249-52. 

42. Varadhan, R., J. Walston, A.R. Cappola, M.C. Carlson, G.S. Wand and L.P. 
Fried, Higher levels and blunted diurnal variation of cortisol in frail older 
women. J Gerontol A Biol Sci Med Sci, 2008. 63(2): p. 190-5. 

43. Baylis, D., D.B. Bartlett, H.E. Syddall, G. Ntani, C.R. Gale, C. Cooper, et 
al., Immune-endocrine biomarkers as predictors of frailty and mortality: 
a 10-year longitudinal study in community-dwelling older people. Age 
(Dordr), 2013. 35(3): p. 963-71. 

44. Viña, J., C. Borras and M.C. Gomez-Cabrera, A free radical theory of 
frailty. Free Radical Biology and Medicine, 2018. 124: p. 358-363. 

45. Mello Ade, C., E.M. Engstrom and L.C. Alves, Health-related and socio-
demographic factors associated with frailty in the elderly: a systematic 
literature review. Cad Saude Publica, 2014. 30(6): p. 1143-68. 



313 
 

46. Amiri, S. and S. Behnezhad, Systematic review and meta-analysis of the 
association between smoking and the incidence of frailty. 
neuropsychiatrie, 2019. 33(4): p. 198-206. 

47. Duppen, D., M.C.J. Van der Elst, S. Dury, D. Lambotte and L. De Donder, 
The Social Environment’s Relationship With Frailty: Evidence From 
Existing Studies. Journal of Applied Gerontology, 2017. 38(1): p. 3-26. 

48. Balboa-Castillo, T., E.A. Struijk, E. Lopez-Garcia, J.R. Banegas, F. 
Rodríguez-Artalejo and P. Guallar-Castillon, Low vitamin intake is 
associated with risk of frailty in older adults. Age and Ageing, 2018. 
47(6): p. 872-879. 

49. Das, A., R.G. Cumming, V. Naganathan, F. Blyth, R.V. Ribeiro, D.G. Le 
Couteur, et al., Prospective Associations Between Dietary Antioxidant 
Intake and Frailty in Older Australian Men: The Concord Health and 
Ageing in Men Project. The journals of gerontology. Series A, Biological 
sciences and medical sciences, 2020. 75(2): p. 348-356. 

50. Dodds, R. and A.A. Sayer, Sarcopenia and frailty: new challenges for 
clinical practice. Clin Med (Lond), 2016. 16(5): p. 455-458. 

51. Turner, G. Introduction to Frailty, Fit for Frailty Part 1. 2014  [Date 
accessed: 15/08/2022]; Available from: 
https://www.bgs.org.uk/resources/introduction-to-frailty. 

52. Drudi, L.M., M. Ades, T. Landry, H.L. Gill, S.M. Grenon, O.K. Steinmetz, 
et al., Scoping review of frailty in vascular surgery. J Vasc Surg, 2019. 
69(6): p. 1989-1998.e2. 

53. NICE. CVD risk assessment and management: What are the risk factors? 
2020  [Date Accessed: 07/12/2022]; Available from: 
https://cks.nice.org.uk/topics/cvd-risk-assessment-
management/background-information/risk-factors-for-cvd/. 

54. Senoner, T. and W. Dichtl, Oxidative Stress in Cardiovascular Diseases: 
Still a Therapeutic Target? Nutrients, 2019. 11(9). 

55. Sorriento, D. and G. Iaccarino, Inflammation and Cardiovascular Diseases: 
The Most Recent Findings. Int J Mol Sci, 2019. 20(16). 

56. Burton, J.K., J. Stewart, M. Blair, S. Oxley, A. Wass, M. Taylor-Rowan, et 
al., Prevalence and implications of frailty in acute stroke: systematic 
review &amp; meta-analysis. Age and Ageing, 2022. 51(3): p. afac064. 

57. Parmar, K.L., J. Law, B. Carter, J. Hewitt, J.M. Boyle, P. Casey, et al., 
Frailty in Older Patients Undergoing Emergency Laparotomy: Results 
From the UK Observational Emergency Laparotomy and Frailty (ELF) 
Study. Ann Surg, 2021. 273(4): p. 709-718. 

58. UnitedNations. World Population Ageing, 2019. [Date accessed: 
08/08/2022]; Available from: 
https://www.un.org/en/development/desa/population/publications/pdf/
ageing/WorldPopulationAgeing2019-Report.pdf. 

59. Klopfenstein, C.E., F.R. Herrmann, J.P. Michel, F. Clergue and A. Forster, 
The influence of an aging surgical population on the anesthesia workload: 
a ten-year survey. Anesth Analg, 1998. 86(6): p. 1165-70. 

60. Houghton, J.S.M., A.T.O. Nickinson, A.J. Morton, S. Nduwayo, C.J. 
Pepper, H.S. Rayt, et al., Frailty Factors and Outcomes in Vascular 
Surgery Patients: A Systematic Review and Meta-analysis. Annals of 
surgery, 2020. 272(2): p. 266-276. 



314 
 

61. Koh, B.J., Q. Lee, I.J. Wee, N. Syn, K.S. Lee, J. Jie Ng, et al., Frailty 
scoring in vascular and endovascular surgery: A systematic review. Vasc 
Med, 2022. 27(3): p. 302-307. 

62. Makary, M.A., D.L. Segev, P.J. Pronovost, D. Syin, K. Bandeen-Roche, P. 
Patel, et al., Frailty as a predictor of surgical outcomes in older patients. 
J Am Coll Surg, 2010. 210(6): p. 901-8. 

63. Drudi, L.M., M. Ades, T. Landry, H.L. Gill, S.M. Grenon, O.K. Steinmetz, 
et al., Scoping review of frailty in vascular surgery. Journal of Vascular 
Surgery, 2019. 69(6): p. 1989-1998.e2. 

64. Houghton, J.S.M., A.T.O. Nickinson, A.J. Morton, S. Nduwayo, C.J. 
Pepper, H.S. Rayt, et al., Frailty Factors and Outcomes in Vascular 
Surgery Patients: A Systematic Review and Meta-analysis. Ann Surg, 2020. 
272(2): p. 266-276. 

65. Bock, J.O., H.H. König, H. Brenner, W.E. Haefeli, R. Quinzler, H. 
Matschinger, et al., Associations of frailty with health care costs--results 
of the ESTHER cohort study. BMC Health Serv Res, 2016. 16: p. 128. 

66. Hajek, A., J.O. Bock, K.U. Saum, H. Matschinger, H. Brenner, B. 
Holleczek, et al., Frailty and healthcare costs-longitudinal results of a 
prospective cohort study. Age Ageing, 2018. 47(2): p. 233-241. 

67. Wilkes, J.G., J.L. Evans, B.S. Prato, S.A. Hess, D.C. MacGillivray and T.L. 
Fitzgerald, Frailty Cost: Economic Impact of Frailty in the Elective 
Surgical Patient. J Am Coll Surg, 2019. 228(6): p. 861-870. 

68. Iida, O., M. Takahara, Y. Soga, N. Azuma, S. Nanto and M. Uematsu, 
Prognostic Impact of Revascularization in Poor-Risk Patients With 
Critical Limb Ischemia: The PRIORITY Registry (Poor-Risk Patients With 
and Without Revascularization Therapy for Critical Limb Ischemia). JACC 
Cardiovasc Interv, 2017. 10(11): p. 1147-1157. 

69. Najafi, B., N. Veranyan, A. Zulbaran-Rojas, C. Park, H. Nguyen, Q.K. 
Nakahara, et al., Association Between Wearable Device–Based Measures 
of Physical Frailty and Major Adverse Events Following Lower Extremity 
Revascularization. JAMA Network Open, 2020. 3(11): p. e2020161-
e2020161. 

70. Partridge, J.S.L., M. Fuller, D. Harari, P.R. Taylor, F.C. Martin and J.K. 
Dhesi, Frailty and poor functional status are common in arterial vascular 
surgical patients and affect postoperative outcomes. International 
Journal of Surgery, 2015. 18: p. 57-63. 

71. Sanchez-Garcia, L., J. Fite, O. Peypoch, J. Moreno, Q. Jubert, B.S. 
Carricas, et al., Preoperative geriatric assessment, a promising tool to 
improve outcomes in aortic pathology interventions. International 
Angiology, 2021. 40(4): p. 283-288. 

72. Toosizadeh, N., H. Stocker, R. Thiede, J. Mohler, J.L. Mills and B. Najafi, 
Alterations in gait parameters with peripheral artery disease: The 
importance of pre-frailty as a confounding variable. Vasc Med, 2016. 
21(6): p. 520-527. 

73. Yanquez, F.J., A. Peterson, C. Weinkauf, K.R. Goshima, W. Zhou, J. 
Mohler, et al., Sensor-Based Upper-Extremity Frailty Assessment for the 
Vascular Surgery Risk Stratification. The Journal of surgical research, 
2020. 246: p. 403-410. 

74. Searle, S.D., A. Mitnitski, E.A. Gahbauer, T.M. Gill and K. Rockwood, A 
standard procedure for creating a frailty index. BMC Geriatrics, 2008. 
8(1): p. 24. 



315 
 

75. Beffa, L.R., G.F. Petroski, R.L. Kruse and T.R. Vogel, Functional status of 
nursing home residents before and after abdominal aortic aneurysm 
repair. Journal of Vascular Nursing, 2015. 33(3): p. 106-111. 

76. Gonzalez, L., M. Kassem, A.H. Owora, M.T. Seligson, C.Y. Richards, M.M. 
Monita, et al., Frailty and Biomarkers of Frailty Predict Outcome in 
Veterans After Open and Endovascular Revascularization. The Journal of 
surgical research, 2019. 243: p. 539-552. 

77. Houghton, J.S.M., S. Nduwayo, A.T.O. Nickinson, T.J. Payne, S. Sterland, 
M. Nath, et al., Leg ischaemia management collaboration (LIMb): study 
protocol for a prospective cohort study at a single UK centre. BMJ open, 
2019. 9(9): p. e031257. 

78. Spence, N., D. Lewis, F. Windsor and L. Richardson, Using serum albumin 
to predict frailty in the vascular perioperative patient. Clinical Medicine, 
Journal of the Royal College of Physicians of London, 2020. 20: p. S59. 

79. Li, J., S. Arora, K. Ikeoka, J. Smith, S. Dash, S. Kimura, et al., The utility 
of geriatric nutritional risk index to predict outcomes in chronic limb-
threatening ischemia. Catheterization and cardiovascular interventions : 
official journal of the Society for Cardiac Angiography & Interventions, 
2022. 99(1): p. 121-133. 

80. Kodama, A., A. Koyama, M. Sugimoto, K. Niimi, H. Banno and K. Komori, 
Association between preoperative frailty and mortality in patients with 
critical limb ischemia following infrainguinal bypass surgery - Usefulness 
of the Barthel index. Circulation Journal, 2018. 82(1): p. 267-274. 

81. Faateh, M., P.L. Kuo, H. Dakour-Aridi, A. Aurshina, S. Locham and M. 
Malas, Frailty as a predictor of outcomes for patients undergoing carotid 
artery stenting. Journal of Vascular Surgery, 2021. 74(4): p. 1290-1300. 

82. Harris, D.G., S.L. Olson, A.M. Panthofer, J.S. Matsumura and P.D. 
DiMusto, A Frailty-Based Risk Score Predicts Morbidity and Mortality After 
Elective Endovascular Repair of Descending Thoracic Aortic Aneurysms. 
Annals of vascular surgery, 2020. 67: p. 90-99. 

83. Houghton, J., A. Nickinson, A. Morton, S. Nduwayo, H. Rayt, L. Gray, et 
al., Frailty and Sarcopenia in Vascular Surgery Patients: A Systematic 
Review and Meta-analysis of Patient Factors and Outcomes. European 
Journal of Vascular and Endovascular Surgery, 2019. 58(6, Supplement 3): 
p. e722. 

84. Partridge, J.S.L., A. Healey, B. Modarai, D. Harari, F.C. Martin and J.K. 
Dhesi, Preoperative comprehensive geriatric assessment and optimisation 
prior to elective arterial vascular surgery: a health economic analysis. 
Age Ageing, 2021. 50(5): p. 1770-1777. 

85. Doody, P., J.M. Lord, C.A. Greig and A.C. Whittaker, Frailty: 
Pathophysiology, Theoretical and Operational Definition(s), Impact, 
Prevalence, Management and Prevention, in an Increasingly Economically 
Developed and Ageing World. Gerontology, 2023. 69(8): p. 927-945. 

86. BritishGeriatricSociety. Silver Book II: Holistic assessment of older 
people. 2021 Last updated: 22/01/2021 [Date Accessed: 05/01/2023]; 
Available from: https://www.bgs.org.uk/resources/silver-book-ii-holistic-
assessment-of-older-people. 

87. CentreForPerioperativeCare, Guideline for Perioperative Care for People 
Living with Frailty Undergoing Elective and Emergency Surgery. 
2021(1.0). 



316 
 

88. Saur, N.M., B.R. Davis, I. Montroni, A. Shahrokni, S. Rostoft, M.M. Russell, 
et al., The American Society of Colon and Rectal Surgeons Clinical 
Practice Guidelines for the Perioperative Evaluation and Management of 
Frailty Among Older Adults Undergoing Colorectal Surgery. Diseases of 
the Colon & Rectum, 2022. 65(4). 

89. Gupta, S., S. Shah and F. Alimami, Project for vascular geriatrician input. 
Age and Ageing, 2019. 48(Supplement 1): p. i1. 

90. Welsh, S.A., R.C. Pearson, K. Hussey, J. Brittenden, D.J. Orr and T. 
Quinn, A systematic review of frailty assessment tools used in vascular 
surgery research. J Vasc Surg, 2023. 

91. Moher, D., Liberati, A., Tetzlaff, J. and D.G. Altman, Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA statement. 
BMJ, 2009. 339: p. b2535. 

92. Scherer, R.W. and I.J. Saldanha, How should systematic reviewers handle 
conference abstracts? A view from the trenches. Systematic Reviews, 
2019. 8(1): p. 264. 

93. Team, T.E., EndNote. 2013, Clarivate: Philadelphia, PA. 
94. Rockwood, K. and O. Theou, Using the Clinical Frailty Scale in Allocating 

Scarce Health Care Resources. Can Geriatr J, 2020. 23(3): p. 210-215. 
95. Aitken, S.J., S. Lujic, D.A. Randall, N. Noguchi, V. Naganathan and F.M. 

Blyth, Predicting outcomes in older patients undergoing vascular surgery 
using the Hospital Frailty Risk Score. The British journal of surgery, 2021. 
108(6): p. 659-666. 

96. Aitken, S.J., B. Allard, N. Altaf, N. Atkinson, O. Aziz, R. Battersby, et al., 
Frail patients having vascular surgery during the early COVID-19 
pandemic experienced high rates of adverse perioperative events and 
amputation. ANZ journal of surgery, 2022. 

97. Al Shakarchi, J., J. Fairhead, S. Rajagopalan, A. Pherwani and A. 
Jaipersad, Impact of Frailty on Outcomes in Patients Undergoing Open 
Abdominal Aortic Aneurysm Repair. Annals of vascular surgery, 2020. 67: 
p. 100-104. 

98. Al-Damluji, M.S., K.G. Smolderen, C. Meng, F. Dai, M.G. Nanna, B. 
Sumpio, et al., Frailty and outcomes following revascularization of 
lower-extremity peripheral artery disease: Insights from the Vascular 
Quality Initiative (VQI). Vascular medicine (London, England), 2022. 
27(3): p. 251-257. 

99. Ali, T.Z., E.B. Lehman and F. Aziz, Modified Frailty Index Can Be Used to 
Predict Adverse Outcomes and Mortality after Lower Extremity Bypass 
Surgery. Annals of vascular surgery, 2018. 46: p. 168-177. 

100. Ambler, G.K., P.A. Kotta, L. Zielinski, A. Kalyanasundaram, D.E. Brooks, 
A. Ali, et al., The Effect of Frailty on Long Term Outcomes in Vascular 
Surgical Patients. European journal of vascular and endovascular surgery : 
the official journal of the European Society for Vascular Surgery, 2020. 
60(2): p. 264-272. 

101. Ambler, G.K., D.E. Brooks, N. Al Zuhir, A. Ali, M.S. Gohel, P.D. Hayes, et 
al., Effect of frailty on short- and mid-term outcomes in vascular surgical 
patients. The British journal of surgery, 2015. 102(6): p. 638-45. 

102. Andersen, J.C., J.A. Gabel, K.A. Mannoia, S.C. Kiang, S.T. Patel, T.H. 
Teruya, et al., 5-Item Modified Frailty Index Predicts Outcomes After 
Below-Knee Amputation in the Vascular Quality Initiative Amputation 
Registry. American Surgeon, 2020. 86(10): p. 1225-1229. 



317 
 

103. Araujo-Andrade, L., J.P. Rocha-Neves, L. Duarte-Gamas, A. Pereira-
Neves, H. Ribeiro, J. Pereira-Macedo, et al., Prognostic effect of the new 
5-factor modified frailty index in patients undergoing carotid 
endarterectomy with regional anesthesia - A prospective cohort study. 
International journal of surgery (London, England), 2020. 80: p. 27-34. 

104. Arya, S., S.I. Kim, Y. Duwayri, L.P. Brewster, R. Veeraswamy, A. Salam, 
et al., Frailty increases the risk of 30-day mortality, morbidity, and 
failure to rescue after elective abdominal aortic aneurysm repair 
independent of age and comorbidities. Journal of vascular surgery, 2015. 
61(2): p. 324-31. 

105. Arya, S., C. Long, R. Brahmbhatt, S. Shafii, L.P. Brewster, R. 
Veeraswamy, et al., Preoperative frailty increases risk of non-home 
discharge after elective vascular surgery in home-dwelling patients. 
Annals of Vascular Surgery, 2016. 29(4): p. 632. 

106. Ayyash, R., J. Knight, E. Kothmann, M. Eid, K. Ayyash, K. Colling, et al., 
Utility and reliability of the Clinical Frailty Scale in patients scheduled 
for major vascular surgery: a prospective, observational, multicentre 
observer-blinded study. Perioperative Medicine, 2022. 11(1): p. 6. 

107. Bailey, D.M., C.L. Halligan, R.G. Davies, A. Funnell, I.R. Appadurai, G.A. 
Rose, et al., Subjective assessment underestimates surgical risk: On the 
potential benefits of cardiopulmonary exercise testing for open 
thoracoabdominal repair. J Card Surg, 2022. 37(8): p. 2258-2265. 

108. Banning, L.B.D., M. El Moumni, L. Visser, B.L. van Leeuwen, C.J. 
Zeebregts and R.A. Pol, Frailty leads to poor long-term survival in 
patients undergoing elective vascular surgery. Journal of vascular 
surgery, 2021. 73(6): p. 2132-2139.e2. 

109. Banning, L.B.D., L. Visser, C.J. Zeebregts, B.L. van Leeuwen, M. El 
Moumni and R.A. Pol, Transition in Frailty State Among Elderly Patients 
After Vascular Surgery. World journal of surgery, 2020. 44(10): p. 3564-
3572. 

110. Barbey, S.M., S.T. Scali, P. Kubilis, A.W. Beck, P. Goodney, K.A. Giles, et 
al., Interaction between frailty and sex on mortality after elective 
abdominal aortic aneurysm repair. Journal of vascular surgery, 2019. 
70(6): p. 1831-1843. 

111. Boyd, S., J.M. Dittman, W. Tse, K.S. Lavingia and M.F. Amendola, Modern 
Lower Extremity Bypass Outcomes by Anesthesia Type in the Veteran 
Population. Annals of vascular surgery, 2022. 80: p. 187-195. 

112. Braet, D.J., J.P. Taaffe, V.Y. Dombrovskiy, J. Bath, R.L. Kruse and T.R. 
Vogel, Modified frailty index as an indicator for outcomes, discharge 
status, and readmission after lower extremity bypass surgery for critical 
limb ischemia. Journal of Vascular Nursing, 2020. 38(4): p. 171-175. 

113. Brahmbhatt, R., L.P. Brewster, S. Shafii, R.R. Rajani, R. Veeraswamy, A. 
Salam, et al., Gender and frailty predict poor outcomes in infrainguinal 
vascular surgery. The Journal of surgical research, 2016. 201(1): p. 156-
65. 

114. Brown, K., Y. Cheng, S. Harley, C. Allen, M. Claridge, D. Adam, et al., 
Association of SARC-F Score and Rockwood Clinical Frailty Scale with CT-
Derived Muscle Mass in Patients with Aortic Aneurysms. Journal of 
Nutrition, Health and Aging, 2022. 

115. Butala, N.M., A. Raja, J. Xu, J.B. Strom, M. Schermerhorn, J.A. Beckman, 
et al., Association of Frailty With Treatment Selection and Long-Term 



318 
 

Outcomes Among Patients With Chronic Limb-Threatening Ischemia. 
Journal of the American Heart Association, 2021. 10(24): p. e023138. 

116. Callahan, K.E., C.J. Clark, A.F. Edwards, T.N. Harwood, J.D. Williamson, 
A.W. Moses, et al., Automated Frailty Screening At-Scale for Pre-
Operative Risk Stratification Using the Electronic Frailty Index. J Am 
Geriatr Soc, 2021. 69(5): p. 1357-1362. 

117. Chopra, A., A.F. Azarbal, E. Jung, C.Z. Abraham, T.K. Liem, G.J. Landry, 
et al., Ambulation and functional outcome after major lower extremity 
amputation. Journal of vascular surgery, 2018. 67(5): p. 1521-1529. 

118. Ciaramella, M., T. Kravchenko, A. Grieff, S. Huang, S. Rahimi and W. 
Beckerman, Frailty is a Poor Predictor of Postoperative Morbidity and 
Mortality After Ruptured Abdominal Aortic Aneurysm. Annals of vascular 
surgery, 2021. 74: p. 122-130. 

119. Cotton, J., J. Cabot, J. Buckner, A. Field, L. Pounds and C. Quint, 
Increased Frailty Associated with Higher Long-Term Mortality after Major 
Lower Extremity Amputation. Annals of Vascular Surgery, 2022. 

120. D'Cruz, R.T., T.T. Chong, T.F. Tan, Z.Y.P. Ting, Q.W.S. Lee, T.H. Wong, 
et al., The Modified Frailty Index Does Not Predict Mortality After Major 
Lower Extremity Amputation for Peripheral Arterial Disease in an Asian 
Population. Annals of vascular surgery, 2020. 69: p. 298-306. 

121. DeAngelo, M.M., J.B. Peacock, T.A. Holeman, M. Maloney, J. Beckstrom 
and B.S. Brooke, Long-Term Functional Decline Following Vascular 
Surgery Among Vulnerable Adults. Annals of vascular surgery, 2021. 76: 
p. 87-94. 

122. Dittman, J.M., K.S. Lavingia and R.A. Larson, Elevated Risk Analysis Index 
(RAI) Frailty Scores Are Independently Associated with Adverse Outcomes 
in Lower Extremity Surgical Revascularizations Similarly Across Genders. 
Annals of Vascular Surgery, 2022. 

123. Donald, G.W., A.A. Ghaffarian, F. Isaac, L.W. Kraiss, C.L. Griffin, B.K. 
Smith, et al., Preoperative frailty assessment predicts loss of 
independence after vascular surgery. Journal of vascular surgery, 2018. 
68(5): p. 1382-1389. 

124. Drudi, L.M., M. Ades, R. Mancini, C. Boudrias, D.I. Obrand, O.K. 
Steinmetz, et al., Frailty assessment in older adults undergoing 
interventions for peripheral arterial disease. Journal of vascular surgery, 
2019. 70(5): p. 1594-1602.e1. 

125. Edman, N.I., S.L. Zettervall, M.N. Dematteis, A. Ghaffarian, S. Shalhub 
and M.P. Sweet, Women with thoracoabdominal aortic aneurysms have 
increased frailty and more complex aortic anatomy compared with men. 
Journal of vascular surgery, 2022. 76(1): p. 61-69.e3. 

126. Ehlert, B.A., A. Najafian, K.C. Orion, M.B. Malas, J.H. Black, 3rd and C.J. 
Abularrage, Validation of a modified Frailty Index to predict mortality in 
vascular surgery patients. Journal of vascular surgery, 2016. 63(6): p. 
1595-1601.e2. 

127. Eslami, M.H., Z. Saadeddin, D.V. Rybin, G. Doros, J.J. Siracuse and A. 
Farber, Association of frailty index with perioperative mortality and in-
hospital morbidity after elective lower extremity bypass. Journal of 
vascular surgery, 2019. 69(3): p. 863-874.e1. 

128. Fang, Z.B., F.Y. Hu, S. Arya, T.W. Gillespie and R.R. Rajani, Preoperative 
frailty is predictive of complications after major lower extremity 
amputation. Journal of vascular surgery, 2017. 65(3): p. 804-811. 



319 
 

129. George, E.L., A. Kashikar, K.A. Rothenberg, N.L. Barreto, R. Chen, A.W. 
Trickey, et al., Comparison of Surgeon Assessment to Frailty 
Measurement in Abdominal Aortic Aneurysm Repair. Journal of Surgical 
Research, 2020. 248: p. 38-44. 

130. George, E.L., R. Chen, A.W. Trickey, B.S. Brooke, L. Kraiss, M.W. Mell, et 
al., Variation in center-level frailty burden and the impact of frailty on 
long-term survival in patients undergoing elective repair for abdominal 
aortic aneurysms. Journal of vascular surgery, 2020. 71(1): p. 46-55.e4. 

131. George, E.L., D.E. Hall, A. Youk, R. Chen, A. Kashikar, A.W. Trickey, et 
al., Association Between Patient Frailty and Postoperative Mortality 
Across Multiple Noncardiac Surgical Specialties. JAMA surgery, 2021. 
156(1): p. e205152. 

132. Gilbertson, E.A., T.R. Bailey, L.W. Kraiss, C.L. Griffin, B.K. Smith, M. 
Sarfati, et al., Long-Term Impact of Vascular Surgery Stress on Frail Older 
Patients. Annals of vascular surgery, 2021. 70: p. 9-19. 

133. Gouda, P., X. Wang, E. Youngson, M. McGillion, M.A. Mamas and M.M. 
Graham, Beyond the revised cardiac risk index: Validation of the hospital 
frailty risk score in non-cardiac surgery. PLoS ONE, 2022. 17(1 January): 
p. e0262322. 

134. Gray, W.K., J. Day and M. Horrocks, Outcomes for Angioplasty and Bypass 
Lower Limb Revascularisation Procedures for Limb Salvage in England: 
Findings From the Getting It Right First Time Programme. European 
journal of vascular and endovascular surgery : the official journal of the 
European Society for Vascular Surgery, 2020. 60(5): p. 711-719. 

135. Harris, D.G., I. Bulatao, C.P. Oates, R. Kalsi, C.B. Drucker, N. Menon, et 
al., Functional status predicts major complications and death after 
endovascular repair of abdominal aortic aneurysms. Journal of Vascular 
Surgery, 2017. 66(3): p. 743-750. 

136. Holeman, T.A., J. Peacock, J.L. Beckstrom and B.S. Brooke, Patient-
Surgeon Agreement in Assessment of Frailty, Physical Function, & Social 
Activity. The Journal of surgical research, 2020. 256: p. 368-373. 

137. Houghton, J.S., A.T. Nickinson, J.R. Helm, J. Dimitrova, S. Dubkova, H.S. 
Rayt, et al., Associations of Clinical Frailty with Severity of Limb Threat 
and Outcomes in Chronic Limb-threatening Ischaemia. Annals of vascular 
surgery, 2021. 76: p. 406-416. 

138. Hui, Y., C. Van Walraven and D.I. McIsaac, How Do Common Comorbidities 
Modify the Association of Frailty With Survival After Elective Noncardiac 
Surgery? A Population-Based Cohort Study. Anesthesia and Analgesia, 
2019. 129(6): p. 1699-1706. 

139. Ishihara, H., F. Oka, H. Goto, T. Nishimoto, K. Okazaki, H. Sadahiro, et 
al., Impact of Frailty on Medium-Term Outcome in Asymptomatic 
Patients After Carotid Artery Stenting. World neurosurgery, 2019. 127: p. 
e396-e399. 

140. Itagaki, T., S. Ebisawa, K. Otagiri, T. Kato, T. Miura, Y. Kanzaki, et al., 
Body composition and mortality in patients undergoing endovascular 
treatment for peripheral artery disease. Heart and vessels, 2021. 36(12): 
p. 1830-1840. 

141. Karam, J., A. Tsiouris, A. Shepard, V. Velanovich and I. Rubinfeld, 
Simplified frailty index to predict adverse outcomes and mortality in 
vascular surgery patients. Annals of vascular surgery, 2013. 27(7): p. 904-
8. 



320 
 

142. Karim, A.M., J. Li, M.S. Panhwar, S. Arshad, S. Shalabi, C. Mena-Hurtado, 
et al., Impact of malnutrition and frailty on mortality and major 
amputation in patients with CLTI. Catheterization and cardiovascular 
interventions : official journal of the Society for Cardiac Angiography & 
Interventions, 2022. 99(4): p. 1300-1309. 

143. Kazaure, H.S., T. Truong, M. Kuchibhatla, S. Lagoo-Deenadayalan, S.M. 
Wren and K.S. Johnson, Identifying high-risk surgical patients: A study of 
older adults whose code status changed to Do-Not-Resuscitate. Journal of 
the American Geriatrics Society, 2021. 69(12): p. 3445-3456. 

144. Khan, M.A., N. Elsayed, I. Naazie, G. Ramakrishnan, V.S. Kashyap and 
M.B. Malas, Impact of Frailty on Postoperative Outcomes in Patients 
Undergoing TransCarotid Artery Revascularization (TCAR). Annals of 
Vascular Surgery, 2022. 

145. Kim, S.T., Z. Tran, J. Hadaya, C.G. Williamson, M. Gandjian, Y. Sanaiha, 
et al., Impact of frailty on acute outcomes of endovascular thoracic and 
abdominal aneurysm repair. Surgery, 2021. 170(1): p. 304-310. 

146. Kraiss, L.W., R. Al-Dulaimi, C.M. Allen, M.W. Mell, S. Arya, A.P. Presson, 
et al., A Vascular Quality Initiative frailty assessment predicts 
postdischarge mortality in patients undergoing arterial reconstruction. 
Journal of Vascular Surgery, 2022. 

147. Man, J. and J. Xu, The Administrative Risk Analysis Index (RAI-A) Does Not 
Predict Reintervention or Mortality Within 30 Days in Patients Who 
Undergo Elective Open or Endovascular Abdominal Aortic Aneurysm 
Repair. The Journal of surgical research, 2021. 264: p. 179-185. 

148. Mandelbaum, A.D., J. Hadaya, J.G. Ulloa, R. Patel, J.C. McCallum, C. De 
Virgilio, et al., Impact of Frailty on Clinical Outcomes after Carotid 
Artery Revascularization. Annals of vascular surgery, 2021. 74: p. 111-
121. 

149. McIsaac, D.I., D.N. Wijeysundera, A. Huang, G.L. Bryson and C. Van 
Walraven, Association of the Hospital Volume of Frail Surgical Patients 
Cared for with Outcomes after Elective, Major Noncardiac Surgery: A 
Retrospective Population-based Cohort Study. Anesthesiology, 2017. 
126(4): p. 602-613. 

150. McRae, P.J., P.J. Walker, N.M. Peel, D. Hobson, F. Parsonson, P. 
Donovan, et al., Frailty and Geriatric Syndromes in Vascular Surgical 
Ward Patients. Annals of vascular surgery, 2016. 35: p. 9-18. 

151. Melin, A.A., K.K. Schmid, T.G. Lynch, I.I. Pipinos, S. Kappes, G.M. Longo, 
et al., Preoperative frailty Risk Analysis Index to stratify patients 
undergoing carotid endarterectomy. Journal of vascular surgery, 2015. 
61(3): p. 683-9. 

152. Mirabelli, L.G., R.M. Cosker, L.W. Kraiss, C.L. Griffin, B.K. Smith, M.R. 
Sarfati, et al., Rapid Methods for Routine Frailty Assessment during 
Vascular Surgery Clinic Visits. Annals of vascular surgery, 2018. 46: p. 
134-141. 

153. Modrall, J.G., S. Tsai, B. Ramanan and E.B. Rosero, Frailty as a Predictor 
of Mortality for Fenestrated EVAR and Open Surgical Repair of Aortic 
Aneurysms Involving Visceral Vessels. Annals of vascular surgery, 2022. 
80: p. 29-36. 

154. Morisaki, K., T. Yamaoka, K. Iwasa and T. Ohmine, Influence of frailty on 
treatment outcomes after revascularization in patients with critical limb 
ischemia. Journal of Vascular Surgery, 2017. 66(6): p. 1758-1764. 



321 
 

155. Morisaki, K., T. Furuyama, Y. Matsubara, K. Inoue, S. Kurose, S. Yoshino, 
et al., External validation of CLI Frailty Index and assessment of 
predictive value of modified CLI Frailty Index for patients with critical 
limb ischemia undergoing infrainguinal revascularization. Vascular, 2019. 
27(4): p. 405-410. 

156. Morisaki, K., T. Furuyama, K. Yoshiya, S. Kurose, S. Yoshino, K. 
Nakayama, et al., Frailty in patients with abdominal aortic aneurysm 
predicts prognosis after elective endovascular aneurysm repair. Journal 
of vascular surgery, 2020. 72(1): p. 138-143. 

157. Nishikawa, K., S. Ebisawa, T. Miura, T. Kato, K. Yusuke, N. Abe, et al., 
Impact of Frailty and Age on Clinical Outcomes in Patients Who 
Underwent Endovascular Therapy. Journal of Endovascular Therapy, 2021. 

158. Nobrega, L., A. Pereira-Neves, L. Duarte-Gamas, P.P. Dias, A. Azevedo-
Cerqueira, H. Ribeiro, et al., Outcome Analysis Using the Modified Frailty 
Index-5 in Patients With Complex Aortoiliac Disease. Annals of vascular 
surgery, 2022. 79: p. 153-161. 

159. O'Neill, B.R., A.M. Batterham, A.C. Hollingsworth, J.W. Durrand and G.R. 
Danjoux, Do first impressions count? Frailty judged by initial clinical 
impression predicts medium-term mortality in vascular surgical patients. 
Anaesthesia, 2016. 71(6): p. 684-691. 

160. Otsuji, H., D. Kanda, T. Takumi, A. Tokushige, T. Sonoda, R. Arikawa, et 
al., Association of wound, ischemia, and foot infection clinical stage with 
frailty and malnutrition in chronic limb-threatening ischemia patients 
undergoing endovascular intervention. Vascular, 2022. 

161. Paajanen, P., J.M. Karkkainen, E.R. Tenorio, B.C. Mendes and G.S. 
Oderich, Effect of patient frailty status on outcomes of fenestrated-
branched endovascular aortic repair for complex abdominal and 
thoracoabdominal aortic aneurysms. Journal of Vascular Surgery, 2022. 

162. Pandit, V., A. Lee, M. Zeeshan, K. Goshima, T.-W. Tan, S. Jhajj, et al., 
Effect of frailty syndrome on the outcomes of patients with carotid 
stenosis. Journal of vascular surgery, 2020. 71(5): p. 1595-1600. 

163. Pandit, V., M. Zeeshan, P.R. Nelson, M. Hamidi, S. Jhajj, A. Lee, et al., 
Frailty Syndrome in Patients with Carotid Disease: Simplifying How We 
Calculate Frailty. Annals of Vascular Surgery, 2020. 62: p. 159-165. 

164. Pandit, V., T.W. Tan, K. Kempe, J. Chitwood, H. Kim, V. Horst, et al., 
Frailty Syndrome in Patients With Lower Extremity Amputation: 
Simplifying How we Calculate Frailty. Journal of Surgical Research, 2021. 
263: p. 230-235. 

165. Pandit, V., P. Nelson, K. Kempe, K. Gage, M. Zeeshan, H. Kim, et al., 
Racial and ethnic disparities in lower extremity amputation: Assessing 
the role of frailty in older adults. Surgery, 2020. 168(6): p. 1075-1078. 

166. Partridge, J.S.L., J.K. Dhesi, J.D. Cross, J.W. Lo, P.R. Taylor, R. Bell, et 
al., The prevalence and impact of undiagnosed cognitive impairment in 
older vascular surgical patients. Journal of vascular surgery, 2014. 60(4): 
p. 1002-11.e3. 

167. Pol, R.A., B.L. van Leeuwen, L. Visser, G.J. Izaks, J.J. van den Dungen, 
I.F. Tielliu, et al., Standardised frailty indicator as predictor for 
postoperative delirium after vascular surgery: a prospective cohort 
study. Eur J Vasc Endovasc Surg, 2011. 42(6): p. 824-30. 

168. Reeve, T.E., R. Ur, T.E. Craven, J.H. Kaan, M.P. Goldman, M.S. Edwards, 
et al., Grip strength measurement for frailty assessment in patients with 



322 
 

vascular disease and associations with comorbidity, cardiac risk, and 
sarcopenia. Journal of Vascular Surgery, 2018. 67(5): p. 1512-1520. 

169. Reijnen, L.M., D. Van der Veen, M.C. Warle, S. Holewijn, J.W. Lardenoije 
and M.M.P.J. Reijnen, The relation between physical fitness, frailty and 
all-cause mortality after elective endovascular abdominal aortic 
aneurysm repair. Journal of Vascular Surgery, 2021. 74(4): p. 1172-
1182.e2. 

170. Reitz, K.M., P.R. Varley, N.L. Liang, A. Youk, E.L. George, M.C. Shinall, 
Jr., et al., The Correlation Between Case Total Work Relative Value Unit, 
Operative Stress, and Patient Frailty: Retrospective Cohort Study. Ann 
Surg, 2021. 274(4): p. 637-645. 

171. Rothenberg, K.A., E.L. George, N. Barreto, R. Chen, K. Samson, J.M. 
Johanning, et al., Frailty as measured by the Risk Analysis Index is 
associated with long-term death after carotid endarterectomy. Journal of 
vascular surgery, 2020. 72(5): p. 1735-1742.e3. 

172. Rothenberg, K.A., E.L. George, A.W. Trickey, N.B. Barreto, T.M. Johnson, 
2nd, D.E. Hall, et al., Assessment of the Risk Analysis Index for Prediction 
of Mortality, Major Complications, and Length of Stay in Patients who 
Underwent Vascular Surgery. Annals of vascular surgery, 2020. 66: p. 442-
453. 

173. Ruangsetakit, C., S. Navikaputra, K. Pruekprasert, T. Prapassaro, N. 
Puangpunngam, K. Hongku, et al., The Geriatric Nutritional Risk Index 
predicts amputation after infrapopliteal angioplasty in critical limb 
ischemia patients. Asian journal of surgery, 2022. 

174. Ruske, J., G. Sharma, K. Makie, K. He, C.K. Ozaki, M.T. Menard, et al., 
Patient comprehension necessary for informed consent for vascular 
procedures is poor and related to frailty. Journal of vascular surgery, 
2021. 73(4): p. 1422-1428. 

175. Saadeddin, Z.M., J.D. Borrebach, J.C. Hodges, E.D. Avgerinos, M. Singh, 
J.J. Siracuse, et al., Novel bypass risk predictive tool is superior to the 5-
Factor Modified Frailty Index in predicting postoperative outcomes. 
Journal of vascular surgery, 2020. 72(4): p. 1427-1435.e1. 

176. Sareh, S., R. Ugarte, V. Dobaria, J. Hadaya, J. Sirody, J.C. McCallum, et 
al., Impact of Frailty on Clinical and Financial Outcomes Following Minor 
Lower Extremity Amputation: A Nationwide Analysis. American Surgeon, 
2020. 86(10): p. 1312-1317. 

177. Sarkar, A., A. St. John and K.H. Nagarsheth, Predictive Effect of Frailty 
on Amputation, Mortality, and Ambulation in Patients Undergoing 
Revascularization for Acute Limb Ischemia. Annals of Vascular Surgery, 
2021. 73: p. 273-279. 

178. Schaller, M.S., J.L. Ramirez, W.J. Gasper, G.J. Zahner, N.K. Hills and S.M. 
Grenon, Frailty Is Associated with an Increased Risk of Major Adverse 
Cardiac Events in Patients with Stable Claudication. Annals of vascular 
surgery, 2018. 50: p. 38-45. 

179. Schweitzer, C.D., J.P. Anagnostakos and K.H. Nagarsheth, Frailty as a 
Predictor of Adverse Outcomes After Peripheral Vascular Surgery in 
Patients With End-Stage Renal Disease. American Surgeon, 2022. 88(4): p. 
686-691. 

180. Sibona, A., C. Bianchi, B. Leong, B. Caputo, C. Kohne, A. Murga, et al., A 
single center's 15-year experience with palliative limb care for chronic 



323 
 

limb threatening ischemia in frail patients. Journal of vascular surgery, 
2021. 

181. Soon, S.X.Y., R. D'Çruz, C.J.Q. Yap, W.L. Tay, S.P. Chng, E.T.C. Choke, et 
al., The modified frailty index-11 predicts medium-term outcomes after 
endovascular revascularisation for chronic limb threatening ischaemia in 
Asian patients. Vascular, 2022. 30(1): p. 42-51. 

182. Sridharan, N.D., R.A. Chaer, B.B. Wu, M.H. Eslami, M.S. Makaroun and E. 
Avgerinos, An accumulated deficits model predicts perioperative and 
longterm adverse events after carotid endarterectomy. Annals of 
Vascular Surgery, 2018. 41: p. 19-20. 

183. Srinivasan, A., G.K. Ambler, P.D. Hayes, M.M. Chowdhury, S. Ashcroft, 
J.R. Boyle, et al., Premorbid function, comorbidity, and frailty predict 
outcomes after ruptured abdominal aortic aneurysm repair. Journal of 
vascular surgery, 2016. 63(3): p. 603-9. 

184. Szabó, A., K. Tóth, Á. Nagy, D. Domokos, N. Czobor, C. Eke, et al., The 
effect of cognitive dysfunction on mid- and long-term mortality after 
vascular surgery. BMC Geriatrics, 2021. 21(1): p. 1-11. 

185. Takeji, Y., K. Yamaji, Y. Tomoi, J. Okazaki, K. Tanaka, A. Nagae, et al., 
Impact of Frailty on Clinical Outcomes in Patients With Critical Limb 
Ischemia. Circulation. Cardiovascular interventions, 2018. 11(7): p. 
e006778. 

186. Thillainadesan, J., A.M. Mudge, S.J. Aitken, S.N. Hilmer, J.S. Cullen, M.F. 
Yumol, et al., The Prognostic Performance of Frailty for Delirium and 
Functional Decline in Vascular Surgery Patients. Journal of the American 
Geriatrics Society, 2021. 69(3): p. 688-695. 

187. Tse, W., K.S. Lavingia and M.F. Amendola, Using the risk analysis index to 
assess frailty in a veteran cohort undergoing endovascular aortic 
aneurysm repair. Journal of vascular surgery, 2022. 75(5): p. 1591-
1597.e1. 

188. Tse, W., D. Newton, M. Amendola, M. George and J. Pfeifer, Frailty index 
predicts long-term mortality and postoperative complications in patients 
undergoing endovascular aortic aneurysm repair. Journal of vascular 
surgery, 2020. 72(5): p. 1674-1680. 

189. Velanovich, V., H. Antoine, A. Swartz, D. Peters and I. Rubinfeld, 
Accumulating deficits model of frailty and postoperative mortality and 
morbidity: its application to a national database. The Journal of surgical 
research, 2013. 183(1): p. 104-10. 

190. Wahl, T.S., L.A. Graham, M.T. Hawn, J. Richman, R.H. Hollis, C.E. Jones, 
et al., Association of the Modified Frailty Index With 30-Day Surgical 
Readmission. JAMA Surgery, 2017. 152(8): p. 749-757. 

191. Wang, J., J. Zhao, Y. Ma, B. Huang, D. Yuan, M. Han, et al., Frailty as a 
predictor of major adverse cardiac and cerebrovascular events after 
endovascular aortic aneurysm repair. Journal of vascular surgery, 2021. 
74(2): p. 442-450.e4. 

192. Velanovich, V., H. Antoine, A. Swartz, D. Peters and I. Rubinfeld, 
Accumulating deficits model of frailty and postoperative mortality and 
morbidity: its application to a national database. Journal of Surgical 
Research, 2013. 183(1): p. 104-110. 

193. Hall, D.E., S. Arya, K.K. Schmid, C. Blaser, M.A. Carlson, T.L. Bailey, et 
al., Development and Initial Validation of the Risk Analysis Index for 



324 
 

Measuring Frailty in Surgical Populations. JAMA Surgery, 2017. 152(2): p. 
175-182. 

194. Subramaniam, S., J.J. Aalberg, R.P. Soriano and C.M. Divino, New 5-
Factor Modified Frailty Index Using American College of Surgeons NSQIP 
Data. J Am Coll Surg, 2018. 226(2): p. 173-181.e8. 

195. Rolfson, D.B., S.R. Majumdar, R.T. Tsuyuki, A. Tahir and K. Rockwood, 
Validity and reliability of the Edmonton Frail Scale. Age and Ageing, 
2006. 35(5): p. 526-529. 

196. Schuurmans, H., N. Steverink, S. Lindenberg, N. Frieswijk and J.P.J. 
Slaets, Old or Frail: What Tells Us More? The Journals of Gerontology: 
Series A, 2004. 59(9): p. M962-M965. 

197. Cesari, M., L. Demougeot, H. Boccalon, S. Guyonnet, G. Abellan Van Kan, 
B. Vellas, et al., A self-reported screening tool for detecting community-
dwelling older persons with frailty syndrome in the absence of mobility 
disability: the FiND questionnaire. PLoS One, 2014. 9(7): p. e101745. 

198. Gilbert, T., J. Neuburger, J. Kraindler, E. Keeble, P. Smith, C. Ariti, et 
al., Development and validation of a Hospital Frailty Risk Score focusing 
on older people in acute care settings using electronic hospital records: 
an observational study. The Lancet, 2018. 391(10132): p. 1775-1782. 

199. Abdou, H., A. Khalifeh, R. Kantar and K. Nagarsheth, The 5-item Modified 
Frailty Index Does Not Predict Postoperative Myocardial Infarction or 
Mortality Following Carotid Endarterectomy. Journal of the American 
College of Surgeons, 2021. 233(5 Supplement 2): p. e246. 

200. Ahmed, H., H. Fatayer and R. Darwood, Does Frailty Predict Outcome in 
Vascular Patients? An Assessment of Frailty in Older Vascular Inpatients 
and Implications on Outcome in a Single Vascular Unit. European Journal 
of Vascular and Endovascular Surgery, 2019. 58(6 Supplement 2): p. e336. 

201. Ali, T.Z., F. Aziz and E. Lehman, Modified frailty index to predict adverse 
outcomes and mortality in open surgical repair of a ruptured abdominal 
aortic aneurysm. Journal of Vascular Surgery, 2018. 67(6): p. e106. 

202. Arya, S., R. Brahmbhatt, J. Gander, Y. Duwayri, L.P. Brewster, R. 
Veeraswamy, et al., Preoperative frailty independently increases risk of 
unplanned readmission and associated complications after peripheral 
vascular interventions. Journal of the American College of Surgeons, 
2014. 219(3 SUPPL. 1): p. S162. 

203. Arya, S., A. Kashikar, B. Gladders, J. Mao, A.H. Langston, A. Sedrakyan, 
et al., Institutionalization Rates in First Year After Abdominal Aortic 
Aneurysm Repair in Older Adults. Journal of Vascular Surgery, 2021. 
74(3): p. e306-e307. 

204. Ashby, B., R. Amdur, Y. Nemshah, B.N. Nguyen, R. Mazhari, R. Neville, et 
al., Vascular risk score as a predictor of poor outcomes in patients 
undergoing vascular intervention. Journal of the American College of 
Cardiology, 2014. 63(12 SUPPL. 1): p. A2091. 

205. Balasundaram, N., M.F. Assefa, I. Chandra, R.K. Rajamanickam, J. Bath 
and T.R. Vogel, Modified Frailty Index as an Indicator for Outcomes After 
Lower Extremity Open Revascularization. Journal of Vascular Surgery, 
2022. 75(6): p. e290. 

206. Balasundaram, N., S. Kanake, V.T. Sunil Kumar, J. Bath, T.R. Vogel and I. 
Chandra, Evaluating Predictors of Frailty in Patients Undergoing Elective 
Endovascular Aneurysm Repair. Journal of Vascular Surgery, 2022. 75(6): 
p. e185-e186. 



325 
 

207. Boyd, S., K.S. Lavingia, W. Tse and M. Amendola, Risk Analysis Index: 
When Is The Patient Too Frail To Undergo A Carotid Artery 
Endarterectomy? Annals of Vascular Surgery, 2021. 71: p. 466. 

208. Cheng, Y.S., K. Brown, S. Harley, C. Allen, H. Nasr, D. Rudzki, et al., The 
importance of frailty assessment as a mortality indicator and surgical 
decision-making tool. British Journal of Surgery, 2022. 109(SUPPL 1): p. 
i46. 

209. Connolly, M., N. Williams, A. Ahmed, M. Elsharkawi, O. Eltahir, S. 
Sheehan, et al., Can a Frailty Index Score Aid in the Decision to Stop 
Abdominal Aortic Aneurysm (AAA) Surveillance or Turn Down a Patient 
for Elective Infrarenal AAA Repair? European Journal of Vascular and 
Endovascular Surgery, 2020. 60(2): p. e55-e56. 

210. Fukunaga, M., K. Fujii, K. Miki, M. Nishimura, T. Horimatsu, T. Saita, et 
al., Impact of clinical frailty on vascular flow reserve after infrapopliteal 
intervention in patients with critical limb ischemia. Journal of the 
American College of Cardiology, 2015. 65(10 SUPPL. 1): p. A1803. 

211. George, E.L., K. Rothenberg, N.L. Barreto, R. Chen, A.W. Trickey and S. 
Arya, Simplifying Hospital Quality Comparisons for Vascular Surgery Using 
Center-Level Frailty Burden Rather than Comorbidities. Journal of the 
American College of Surgeons, 2019. 229(4 Supplement 1): p. S163-S164. 

212. Glousman, B.N., R.A. Macsata, S. Lala, K.B. Lee, R.L. Amdur, A.D. Sparks, 
et al., Aorto-Bifemoral Bypass Is Not Associated with Higher Mortality or 
Adverse Cardiac Events than Axillary-Bifemoral Bypass in Frail Patients. 
Journal of the American College of Surgeons, 2019. 229(4 Supplement 1): 
p. S324. 

213. Habib, S., D.B. Semaan, M.S. Hafeez, O.M. Abdul-Malak, M. Madigan and 
M.H. Eslami, Trends in Mortality and Postoperative Complications Among 
Octogenarian Patients Undergoing Carotid Endarterectomy. Journal of 
Vascular Surgery, 2022. 75(6): p. e181-e182. 

214. Hafeez, M.S., O.M. Abdul-Malak, M. Madigan, C.C. Go, E. Hager, M.J. 
Singh, et al., Lack of Postoperative Follow-up After Bypass Is Associated 
With Race and Insurance and Is Highly Predictive of Improved Survival. 
Journal of Vascular Surgery, 2022. 75(6): p. e209-e211. 

215. Hamilton, K., F. Glass, M. Pishia and K. Hussey, The influence of 
preoperative frailty on outcome following lower extremity amputation in 
patients with peripheral arterial disease and diabetes. British Journal of 
Surgery, 2020. 107(SUPPL 4): p. 97. 

216. Hiramori, S., Y. Soga, N. Ito, Y. Tomoi and K. Ando, IMPACT OF FRAILTY 
ON CLINICAL OUTCOMES AFTER EVT FOR FEMOROPOPLITEAL LESIONS. 
Journal of the American College of Cardiology, 2020. 75(11): p. 2265. 

217. Hopkins, L., M. Dewi and C. Davies, Do Vascular Surgery Interventions 
Increase Frailty? European Journal of Vascular and Endovascular Surgery, 
2019. 58(6 Supplement 2): p. e537. 

218. Johnston, D., L. Sun, M. Chowdhury, G. Ambler and P. Coughlin, Frailty 
predicts poor outcome in patients undergoing lower limb infrainguinal 
surgical revascularisation. International Journal of Surgery, 2015. 23: p. 
S129-S129. 

219. Johnston, L., M. D'Oria, J.J. Colglazier, B.C. Mendes, F. Shuja, T.C. 
Bower, et al., Frailty Remains Highly Correlated With Mortality After 
Endovascular Aneurysm Repair in Octogenarians. Journal of Vascular 
Surgery, 2020. 72(1): p. e102-e103. 



326 
 

220. Karam, J., I.S. Rubinfeld, A. Shepard and F. Mohammad, The modified 
frailty index as a predictor of operative mortality and morbidity in lower 
extremity amputations. Journal of the American College of Surgeons, 
2012. 215(3 SUPPL. 1): p. S152. 

221. Kashikar, A., N.B. Barreto, E.L. George, R. Chen, A.W. Trickey and S. 
Arya, Frailty Increases Reinterventions for Surgical Site Infections After 
Infrainguinal Bypass Procedures. Journal of Vascular Surgery, 2020. 72(1): 
p. e152. 

222. Kim, S.I., Y. Duwayri, L.P. Brewster, R. Veeraswamy, A. Salam, T. 
Dodson, et al., Frailty increases risk of mortality after elective 
abdominal aortic aneurysm (AAA) repair independent of age and 
comorbidity status. Journal of Vascular Surgery, 2014. 59(6 SUPPL. 1): p. 
42S. 

223. Kotta, P.A., G.K. Ambler, A. Kalyanasundaram and P.A. Coughlin, The 
Addenbrookes Vascular Frailty Score Predicts Adverse Outcomes in 
Vascular Surgery Patients. European Journal of Vascular and Endovascular 
Surgery, 2019. 58(6 Supplement 3): p. e630. 

224. Kravchenko, T.V., M.A. Ciaramella, J. Ady, S. Rahimi and W. Beckerman, 
Frailty Index Is a Poor Predictor of Postoperative Morbidity and Mortality 
After Ruptured Abdominal Aortic Aneurysm. Journal of Vascular Surgery, 
2020. 72(1): p. e94. 

225. Kuo, P.L., M. Faateh, S. Locham, H.D. Aridi, B.J. Nejim and M.B. Malas, 
PC066. Preoperative Functional Status Predicts Risk of Within-30-Day 
Stroke/Death After Carotid Artery Stenting Better Than 5-Item Modified 
Frailty Index. Journal of Vascular Surgery, 2019. 69(6): p. e222-e223. 

226. Martin, L., S. Chapman, E. Broadbent, C. Payne and C. Beecroft, 
Recognising frailty: the scale of the problem. British Journal of Surgery, 
2021. 108(SUPPL 7): p. vii214. 

227. Martinez, J., A.Z.E. Ali, K. Chester-Paul and F. Aziz, The Impact of Frailty 
on Outcomes in Patients Undergoing Infrainguinal Arterial Bypass-Insights 
From Vascular Quality Initiative Database. Journal of Vascular Surgery, 
2021. 74(3): p. e183-e184. 

228. Mitchell, E., R. Coary, A. Crees, W. Beedham, R. Winterborn and D. 
Shipway, Geriatrician liaison is associated with reduced post-operative 
complications in older persons admitted under vascular surgery. European 
Geriatric Medicine, 2019. 10(Supplement 1): p. S205-S206. 

229. Nagae, A., K. Nishikawa, K. Fujimori, T. Katoh, T. Miura, Y. Miyashita, et 
al., The impact of diabetes on patients with frail after endovascular 
treatments: from I-PAD registry. European Heart Journal, 2019. 
40(Supplement 1): p. 539. 

230. Nemoto, N., H. Kogure, N. Kobayashi and H. Anzai, The impact of frailty 
score on early prognosis in patients with critical limb ischemia. Journal of 
the American College of Cardiology, 2017. 70(18 Supplement 1): p. B321. 

231. Omalley, K.A., J. Rozowsky, G. Shan, S. Barbey, Q. Hu, T. Huber, et al., 
Changes in systemic inflammation are associated with frailty phenotypes 
and clinical outcomes after open aortic repair. Arteriosclerosis, 
Thrombosis, and Vascular Biology, 2019. 39(Supplement 1). 

232. Pandit, V., M. Zeeshan, M.K. Hamidi, S. Jhajj, K. Goshima, C. Weinkauf, 
et al., Association of Racial and Ethnical Disparities and Frailty in 
Geriatric Patients Undergoing Revascularization for Peripheral Arterial 



327 
 

Disease. Journal of the American College of Surgeons, 2019. 229(4 
Supplement 1): p. S324. 

233. Peacock, J., T.A. Holeman, C.L. Griffin, B.K. Smith, M.R. Sarfati, L.W. 
Kraiss, et al., Functional Decline Among Frail Patients After Vascular 
Surgery. Journal of Vascular Surgery, 2020. 72(1): p. e58-e59. 

234. Sonoda, T., D. Kanda, Y. Ikeda, K. Anzaki, R. Arikawa, K. Ohmure, et al., 
The impact of malnutrition-inflammation-atherosclerosis (MIA) syndrome 
on the prognosis of elderly patients with chronic limb-threatening 
ischemia after endovascular therapy. European Heart Journal, 2021. 
42(SUPPL 1): p. 2018. 

235. Stutsrim, A., K. Callahan, N. Pajewski, T. Craven, M. Corriere, R. Davis, 
et al., Electronic Health Record-Based Frailty Screening Is Associated 
with Nonhome Discharge in Patients Undergoing Open Revascularization 
for Peripheral Vascular Disease. Journal of the American College of 
Surgeons, 2021. 233(5): p. S314-S314. 

236. Tse, W., J. Dittman, K.S. Lavingia and M.F. Amendola, Frailty Index 
Associated With Postoperative Complications and Mortality After Lower 
Extremity Amputation: A Veterans Affairs Surgical Quality Improvement 
Program Analysis. Journal of Vascular Surgery, 2020. 72(1): p. e12. 

237. Veranyan, N., N.S. Ruiz, D.G. Armstrong, G.A. Magee, L. Shin, L.C. 
Clavijo, et al., Impact of Frailty on Major Adverse Events in Patients with 
Chronic Limb Threatening Ischemia: A Prospective Analysis. Journal of 
Diabetes Science and Technology, 2020. 14(3): p. 623. 

238. Visser, L., M. El Moumni, L.B. Banning, C.J. Zeebregts and R.A. Pol, The 
Effect of Frailty on Outcome after Vascular Surgery. European Journal of 
Vascular and Endovascular Surgery, 2019. 58(6 Supplement 1): p. e32. 

239. Buckner, J., J. Cabot, A. Field, C. Quint, L. Jayakumar, R. Brahmbhatt, et 
al., Risk Analysis Index Compared With Modified Frailty Index for Lower 
Extremity Amputation. Journal of Vascular Surgery, 2021. 74(3): p. e293. 

240. Nikooie, R., K.G.E. Smolderen, M. Al-Damluji, C. Meng, F. Dai, M. Nanna, 
et al., PROGNOSTIC VALIDITY OF FRAILTY ASSESSMENT TOOLS IN 
PREDICTION OF MORTALITY AND MAJOR AMPUTATION IN PATIENTS 
UNDERGOING REVASCULARIZATION FOR LOWER EXTREMITY ARTERIAL 
DISEASE. Journal of the American College of Cardiology (JACC), 2022. 
79(9): p. 1779-1779. 

241. Scholes, D., R. Armstrong, C. Nott, S. Kandola and S. Dimitri, Comparing 
the prevalence of frailty on vascular surgery and geriatric medicine 
wards. Age and Ageing, 2019. 48(Supplement 2). 

242. Prinsen, C.A.C., L.B. Mokkink, L.M. Bouter, J. Alonso, D.L. Patrick, 
H.C.W. de Vet, et al., COSMIN guideline for systematic reviews of 
patient-reported outcome measures. Qual Life Res, 2018. 27(5): p. 1147-
1157. 

243. Mokkink LB, T.C., Patrick DL, Alonso J, Stratford PW, Knol DL, Bouter LM, 
de Vet HC, The COSMIN study reached international consensus on 
taxonomy, terminology, and definitions of measurement properties for 
health-related patient-reported outcomes. J Clin Epidemiol, 2010. 

244. Faller, J.W., D.D.N. Pereira, S. de Souza, F.K. Nampo, F.S. Orlandi and S. 
Matumoto, Instruments for the detection of frailty syndrome in older 
adults: A systematic review. PLoS One, 2019. 14(4): p. e0216166. 

245. Chimukangara, M., M.C. Helm, M.J. Frelich, M.E. Bosler, L.E. Rein, A. 
Szabo, et al., A 5-item frailty index based on NSQIP data correlates with 



328 
 

outcomes following paraesophageal hernia repair. Surgical Endoscopy, 
2017. 31(6): p. 2509-2519. 

246. Darvall, J.N., J. Loth, T. Bose, S. Braat, A. De Silva, D.A. Story, et al., 
Accuracy of the Clinical Frailty Scale for perioperative frailty screening: 
a prospective observational study. Canadian Journal of Anesthesia, 2020. 
67(6): p. 694-705. 

247. Fornaess, K.M., P.L. Nome, E.K. Aakre, T.-A. Hegvik and I. Jammer, 
Clinical frailty scale: Inter-rater reliability of retrospective scoring in 
emergency abdominal surgery. Acta anaesthesiologica Scandinavica, 2022. 
66(1): p. 25-29. 

248. He, Y., L.W. Li, Y. Hao, E.Y. Sim, K.L. Ng, R. Lee, et al., Assessment of 
predictive validity and feasibility of Edmonton Frail Scale in identifying 
postoperative complications among elderly patients: a prospective 
observational study. Scientific reports, 2020. 10(1): p. 14682. 

249. Kay, R.S., M. Hughes, T.R. Williamson, A.J. Hall, A.D. Duckworth and N.D. 
Clement, The Clinical Frailty Scale can be used retrospectively to assess 
the frailty of patients with hip fracture: a validation study. European 
Geriatric Medicine, 2022. 13(5): p. 1101-1107. 

250. Kerschbaumer, J., A. Krigers, M. Demetz, D. Pinggera, J. Klingenschmid, 
N. Pichler, et al., The Clinical Frailty Scale as useful tool in patients with 
brain metastases. Journal of Neuro-Oncology, 2022. 158(1): p. 51-57. 

251. Pierce, K.E., S. Naessig, N. Kummer, K. Larsen, W. Ahmad, L. Passfall, et 
al., The Five-item Modified Frailty Index is Predictive of 30-day 
Postoperative Complications in Patients Undergoing Spine Surgery. Spine, 
2021. 46(14): p. 939-943. 

252. Pulik, L., K. Jaskiewicz, S. Sarzynska, P. Maldyk and P. Legosz, Modified 
frailty index as a predictor of the long-term functional result in patients 
undergoing primary total hip arthroplasty. Reumatologia, 2020. 58(4): p. 
213-220. 

253. Yagi, M., T. Michikawa, N. Hosogane, N. Fujita, E. Okada, S. Suzuki, et 
al., The 5-Item Modified Frailty Index Is Predictive of Severe Adverse 
Events in Patients Undergoing Surgery for Adult Spinal Deformity. Spine, 
2019. 44(18): p. E1083-E1091. 

254. Zhao, F., B. Tang, X. Liu, Z. Zhang and L. Zhang, Validating the 
agreement between the geriatric trauma frailty index and four published 
frailty scores in the Chinese geriatric trauma population. BMC geriatrics, 
2022. 22(1): p. 183. 

255. Buigues, C., P. Juarros-Folgado, J. Fernández-Garrido, R. Navarro-
Martínez and O. Cauli, Frailty syndrome and pre-operative risk 
evaluation: A systematic review. Archives of Gerontology and Geriatrics, 
2015. 61(3): p. 309-321. 

256. Haren, A., R. Lal, D. Walker, R. Nair, J. Partridge and J. Dhesi, Frailty 
assessment in older urological patients prior to surgery: a systematic 
review and narrative synthesis. Ther Adv Urol, 2020. 12: p. 
1756287220916614. 

257. Sandini, M., E. Pinotti, I. Persico, D. Picone, G. Bellelli and L. Gianotti, 
Systematic review and meta-analysis of frailty as a predictor of morbidity 
and mortality after major abdominal surgery. BJS Open, 2017. 1(5): p. 
128-137. 



329 
 

258. SpecialisedClinicalFrailtyNetwork. CFS Training. 2018  [Date Accessed: 
06/03/2023]; Available from: https://www.scfn.org.uk/clinical-frailty-
scale-training. 

259. Lang, P.O., J.P. Michel and D. Zekry, Frailty syndrome: a transitional 
state in a dynamic process. Gerontology, 2009. 55(5): p. 539-49. 

260. Welsh SA, H.K., Brittenden J, Orr DJ, Quinn T, Frailty Assessment in 
Vascular OUtpatients Review (FAVOUR) protocol: single-centre 
prospective cohort study comparing feasibility and prognostic value of 
commonly used frailty assessment tools. BMJ Open, 2023. 13(12): p. 
e079387. 

261. Hitchman L, P.J., Lathan R, Totty J, Smith GE, Carradice D, Chetter IC, 
Frailty Assessment in UK Vascular Centres (FAVE): a survey to investigate 
data collection methods and impact on clinical practice. Journal of 
Vascular Societies Great Britain & Ireland, 2023. 2(2): p. 69-75. 

262. Viswanath, M., D. Clinch, M. Ceresoli, J. Dhesi, M. D’Oria, B. De Simone, 
et al., Perceptions and practices surrounding the perioperative 
management of frail emergency surgery patients: a WSES-endorsed cross-
sectional qualitative survey. World Journal of Emergency Surgery, 2023. 
18(1): p. 7. 

263. Howell, S.J. and S. Nair, Measuring frailty in the older surgical patient: 
the case for evidence synthesis. British Journal of Anaesthesia, 2021. 
126(4): p. 763-767. 

264. Kraiss, L.W., Moving frailty assessment beyond knowing it when you see 
it. J Vasc Surg, 2020. 71(1): p. 307-308. 

265. Dhesi, J.K., N.P. Lees and J.S. Partridge, Frailty in the perioperative 
setting. Clin Med (Lond), 2019. 19(6): p. 485-489. 

266. von Elm, E., D.G. Altman, M. Egger, S.J. Pocock, P.C. Gøtzsche and J.P. 
Vandenbroucke, The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement: guidelines for reporting 
observational studies. Ann Intern Med, 2007. 147(8): p. 573-7. 

267. J.Vasc.Soc.G.B.Irel., 2022. 1(Supp3): p. S1-S13 
http://doi.org/10.54522/jvsgbi.2022.017. 

268. HealthcareImprovementScotland. Frailty Identification. 2023  Date 
Accessed: 27/10/2023]; Available from: https://ihub.scot/project-
toolkits/frailty-improvement-programme/frailty-resources/frailty-
identification/. 

269. HealthcareImprovementScotland. Frailty screening and assessment tools 
comparator. 2019 July 2019 [Date Accessed: 28/10/2022]; Available from: 
https://ihub.scot/media/6732/20170131-frailty-tools-table-v50.pdf. 

270. Rockwood, K. and A. Mitnitski, Frailty in relation to the accumulation of 
deficits. J Gerontol A Biol Sci Med Sci, 2007. 62(7): p. 722-7. 

271. McDermid, I., M. Barber, M. Dennis, P. Langhorne, M.J. Macleod, C.H. 
McAlpine, et al., Home-Time Is a Feasible and Valid Stroke Outcome 
Measure in National Datasets. Stroke, 2019. 50(5): p. 1282-1285. 

272. Dindo, D., N. Demartines and P.A. Clavien, Classification of surgical 
complications: a new proposal with evaluation in a cohort of 6336 
patients and results of a survey. Ann Surg, 2004. 240(2): p. 205-13. 

273. Clavien, P.A., J.R. Sanabria and S.M. Strasberg, Proposed classification of 
complications of surgery with examples of utility in cholecystectomy. 
Surgery, 1992. 111(5): p. 518-26. 



330 
 

274. ScottishGovernment. Scottish Index of Multiple Deprivation 2020. 2020  
[Date accessed: 20/05/2024]; Available from: 
https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-
2020/. 

275. de Groot, V., H. Beckerman, G.J. Lankhorst and L.M. Bouter, How to 
measure comorbidity. a critical review of available methods. J Clin 
Epidemiol, 2003. 56(3): p. 221-9. 

276. Charlson, M.E., P. Pompei, K.L. Ales and C.R. MacKenzie, A new method 
of classifying prognostic comorbidity in longitudinal studies: development 
and validation. J Chronic Dis, 1987. 40(5): p. 373-83. 

277. Billingham, S.A.M., A.L. Whitehead and S.A. Julious, An audit of sample 
sizes for pilot and feasibility trials being undertaken in the United 
Kingdom registered in the United Kingdom Clinical Research Network 
database. BMC Medical Research Methodology, 2013. 13(1): p. 104. 

278. DanishResearchEthicsCommittees. Guidelines on Informed and Substitute 
Consent in Health Science Research Projects. 2017 2024 [Date accessed: 
23/05/2024]; Available from: 
https://researchethics.dk/guidelines/guidelines-on-informed-and-
substitute-consent-in-health-science-research-projects. 

279. Landis, J.R. and G.G. Koch, The measurement of observer agreement for 
categorical data. Biometrics, 1977. 33(1): p. 159-74. 

280. Martin Bland, J. and D. Altman, STATISTICAL METHODS FOR ASSESSING 
AGREEMENT BETWEEN TWO METHODS OF CLINICAL MEASUREMENT. The 
Lancet, 1986. 327(8476): p. 307-310. 

281. Carter, J.V., J. Pan, S.N. Rai and S. Galandiuk, ROC-ing along: Evaluation 
and interpretation of receiver operating characteristic curves. Surgery, 
2016. 159(6): p. 1638-1645. 

282. DeLong, E.R., D.M. DeLong and D.L. Clarke-Pearson, Comparing the areas 
under two or more correlated receiver operating characteristic curves: a 
nonparametric approach. Biometrics, 1988. 44(3): p. 837-45. 

283. Marks, K., F.P. Glascoe, G.P. Aylward, M.I. Shevell, P.H. Lipkin and J.K. 
Squires, The Thorny Nature of Predictive Validity Studies on Screening 
Tests for Developmental-Behavioral Problems. Pediatrics, 2008. 122(4): 
p. 866-868. 

284. BH, M., Statistical Methods for Health Care Research. 3rd ed. 1997, 
Philadelphia: Lippincott. 

285. Coker, J.F., M.E. Martin, R.M. Simpson and L. Lafortune, Frailty: an in-
depth qualitative study exploring the views of community care staff. BMC 
Geriatr, 2019. 19(1): p. 47. 

286. NHSSpecialisedClinicalFrailtyNetwork. CFS Training. 2018  [Date Accessed: 
01/11/2022]; Available from: https://www.scfn.org.uk/clinical-frailty-
scale-training. 

287. NationalInstituteforHealthandCareExcellence. COVID-19 rapid guideline: 
managing COVID-19. 2 Assessment. 2021 13/03/2024 [cited [Date 
Accessed: 25/03/2024; Available from: 
https://www.nice.org.uk/guidance/ng191/chapter/2-Assessment. 

288. Flaatten, H., D.W. De Lange, A. Morandi, F.H. Andersen, A. Artigas, G. 
Bertolini, et al., The impact of frailty on ICU and 30-day mortality and 
the level of care in very elderly patients (≥ 80 years). Intensive Care Med, 
2017. 43(12): p. 1820-1828. 



331 
 

289. Pugh, R.J., C.M. Thorpe and C.P. Subbe, A critical age: can we reliably 
measure frailty in critical care? Critical Care, 2017. 21(1): p. 121. 

290. Shreffler, J. and M.R. Huecker, Diagnostic Testing Accuracy: Sensitivity, 
Specificity, Predictive Values and Likelihood Ratios, in StatPearls. 2024, 
StatPearls Publishing 

Copyright © 2024, StatPearls Publishing LLC.: Treasure Island (FL). 
291. Hopkinson, J.B., D.N.M. Wright, J.W. McDonald and J.L. Corner, The 

Prevalence of Concern About Weight Loss and Change in Eating Habits in 
People with Advanced Cancer. Journal of Pain and Symptom Management, 
2006. 32(4): p. 322-331. 

292. Alexandre, T.D.S., L.P. Corona, T.R.P. Brito, J.L.F. Santos, Y.A.O. Duarte 
and M.L. Lebrão, Gender Differences in the Incidence and Determinants 
of Components of the Frailty Phenotype Among Older Adults: Findings 
From the SABE Study. J Aging Health, 2018. 30(2): p. 190-212. 

293. Welstead, M., N.D. Jenkins, T.C. Russ, M. Luciano and G. Muniz-Terrera, A 
Systematic Review of Frailty Trajectories: Their Shape and Influencing 
Factors. Gerontologist, 2021. 61(8): p. e463-e475. 

294. Ofori-Asenso, R., K.L. Chin, M. Mazidi, E. Zomer, J. Ilomaki, A.R. Zullo, et 
al., Global Incidence of Frailty and Prefrailty Among Community-Dwelling 
Older Adults: A Systematic Review and Meta-analysis. JAMA Network 
Open, 2019. 2(8): p. e198398-e198398. 

295. Gao, Z., Z. Chen, A. Sun and X. Deng, Gender differences in 
cardiovascular disease. Medicine in Novel Technology and Devices, 2019. 
4: p. 100025. 

296. Maharani, A., D.R. Sinclair, T. Chandola, P. Bower, A. Clegg, B. Hanratty, 
et al., Household wealth, neighbourhood deprivation and frailty amongst 
middle-aged and older adults in England: a longitudinal analysis over 
15 years (2002-2017). Age Ageing, 2023. 52(3). 

297. Dee, M., L. Jennifer, R. Cathy, S. Henry Yu-Hin, P. Tamar, T.W. Sabrina, 
et al., Association between frailty, chronic conditions and socioeconomic 
status in community-dwelling older adults attending primary care: a 
cross-sectional study using practice-based research network data. BMJ 
Open, 2023. 13(2): p. e066269. 

298. Mangin, D., J. Lawson, C. Risdon, H.Y. Siu, T. Packer, S.T. Wong, et al., 
Association between frailty, chronic conditions and socioeconomic status 
in community-dwelling older adults attending primary care: a cross-
sectional study using practice-based research network data. BMJ Open, 
2023. 13(2): p. e066269. 

299. Dresden, S.M., T.F. Platts-Mills, D. Kandasamy, L. Walden and M.E. Betz, 
Patient Versus Physician Perceptions of Frailty: A Comparison of Clinical 
Frailty Scale Scores of Older Adults in the Emergency Department. Acad 
Emerg Med, 2019. 26(9): p. 1089-1092. 

300. Ringer, T., C. Thompson, S. McLeod and D. Melady, Inter-rater Agreement 
Between Self-rated and Staff-rated Clinical Frailty Scale Scores in Older 
Emergency Department Patients: A Prospective Observational Study. 
Academic Emergency Medicine, 2020. 27(5): p. 419-422. 

301. Ma, T., H. Meng, Z. Ye, C. Jia, M. Sun and D. Liu, Health Literacy 
Mediates the Association Between Socioeconomic Status and Productive 
Aging Among Elderly Chinese Adults in a Newly Urbanized Community. 
Front Public Health, 2021. 9: p. 647230. 



332 
 

302. Svendsen, M.T., C.K. Bak, K. Sørensen, J. Pelikan, S.J. Riddersholm, R.K. 
Skals, et al., Associations of health literacy with socioeconomic position, 
health risk behavior, and health status: a large national population-based 
survey among Danish adults. BMC Public Health, 2020. 20(1): p. 565. 

303. Thillainadesan, J., H. Box, L. Kearney, V. Naganathan, M. Cunich, S.J. 
Aitken, et al., The experience of hospital care for older surgical patients 
and their carers: A mixed-methods study. Australasian Journal on Ageing, 
2023. 42(3): p. 535-544. 

304. Lin, H.S., J.N. Watts, N.M. Peel and R.E. Hubbard, Frailty and post-
operative outcomes in older surgical patients: a systematic review. BMC 
Geriatr, 2016. 16(1): p. 157. 

305. Panayi, A.C., A.R. Orkaby, D. Sakthivel, Y. Endo, D. Varon, D. Roh, et al., 
Impact of frailty on outcomes in surgical patients: A systematic review 
and meta-analysis. American Journal of Surgery, 2019. 218(2): p. 393-
400. 

306. Santhirapala, R., J. Partridge and C.J. MacEwen, The older surgical 
patient – to operate or not? A state of the art review. Anaesthesia, 2020. 
75(S1): p. e46-e53. 

307. Houghton, J.S., A.T. Nickinson, J.R. Helm, J. Dimitrova, S. Dubkova, H.S. 
Rayt, et al., Associations of Clinical Frailty with Severity of Limb Threat 
and Outcomes in Chronic Limb-threatening Ischaemia. Ann Vasc Surg, 
2021. 76: p. 406-416. 

308. Kinlay, S., Management of Critical Limb Ischemia. Circ Cardiovasc Interv, 
2016. 9(2): p. e001946. 

309. Rutherford, R.B., J.D. Baker, C. Ernst, K.W. Johnston, J.M. Porter, S. 
Ahn, et al., Recommended standards for reports dealing with lower 
extremity ischemia: revised version. J Vasc Surg, 1997. 26(3): p. 517-38. 

310. Fontaine, R., M. Kim and R. Kieny, [Surgical treatment of peripheral 
circulation disorders]. Helv Chir Acta, 1954. 21(5-6): p. 499-533. 

311. Mills, J.L., Sr., M.S. Conte, D.G. Armstrong, F.B. Pomposelli, A. Schanzer, 
A.N. Sidawy, et al., The Society for Vascular Surgery Lower Extremity 
Threatened Limb Classification System: risk stratification based on 
wound, ischemia, and foot infection (WIfI). J Vasc Surg, 2014. 59(1): p. 
220-34.e1-2. 

312. Zhang, H., Y. Jie, P. Wang, Y. Sun, X. Wang and Y. Fan, Impact of frailty 
on all-cause mortality or major amputation in patients with lower 
extremity peripheral artery disease: A meta-analysis. Ageing Research 
Reviews, 2022. 79: p. 101656. 

313. Cunha, A.I.L., N. Veronese, S. de Melo Borges and N.A. Ricci, Frailty as a 
predictor of adverse outcomes in hospitalized older adults: A systematic 
review and meta-analysis. Ageing Research Reviews, 2019. 56: p. 100960. 

314. Abu Dabrh, A.M., M.W. Steffen, C. Undavalli, N. Asi, Z. Wang, M.B. 
Elamin, et al., The natural history of untreated severe or critical limb 
ischemia. J Vasc Surg, 2015. 62(6): p. 1642-51.e3. 

315. Mustapha, J.A., B.T. Katzen, R.F. Neville, R.A. Lookstein, T. Zeller, L.E. 
Miller, et al., Disease Burden and Clinical Outcomes Following Initial 
Diagnosis of Critical Limb Ischemia in the Medicare Population. JACC 
Cardiovasc Interv, 2018. 11(10): p. 1011-1012. 

316. Mustapha JA, K.B., Neville RF, Lookstein RA, Zeller T, Miller LE, Driver VR 
and Jaff MR., Critical Limb Ischemia: A Threat to Life and Limb. 
Endovascular Today, 2019. 



333 
 

317. Horváth, L., N. Németh, G. Fehér, Z. Kívés, D. Endrei and I. Boncz, 
Epidemiology of Peripheral Artery Disease: Narrative Review. Life 
(Basel), 2022. 12(7). 

318. Collaborators, G.D.a.I.I.a.P., Global, regional, and national incidence, 
prevalence, and years lived with disability for 328 diseases and injuries 
for 195 countries, 1990-2016: a systematic analysis for the Global Burden 
of Disease Study 2016. Lancet, 2017. 390(10100): p. 1211-1259. 

319. Song, P., D. Rudan, Y. Zhu, F.J.I. Fowkes, K. Rahimi, F.G.R. Fowkes, et 
al., Global, regional, and national prevalence and risk factors for 
peripheral artery disease in 2015: an updated systematic review and 
analysis. Lancet Glob Health, 2019. 7(8): p. e1020-e1030. 

320. RealisticMedicine. 2025  [Date accessed:02/04/2025]; Available from: 
https://realisticmedicine.scot/. 

321. Heidenreich, K., M. Svantesson, M. Karlsson and A. Bremer, Exploring 
what is reasonable: uncovering moral reasoning of vascular surgeons in 
daily practice. BMC Medical Ethics. 24(1): p. 1. 

322. Atkins, E., I. Kellar, P. Birmpili, J.R. Boyle, A.D. Pherwani, I. Chetter, et 
al., Hospital clinicians' perceptions and experiences of care pathways for 
chronic limb-threatening ischaemia: a qualitative study. Journal of Foot 
& Ankle Research. 16(1): p. 62. 

323. Eysenbach, G., Improving the quality of Web surveys: the Checklist for 
Reporting Results of Internet E-Surveys (CHERRIES). J Med Internet Res, 
2004. 6(3): p. e34. 

324. Tong, A., P. Sainsbury and J. Craig, Consolidated criteria for reporting 
qualitative research (COREQ): a 32-item checklist for interviews and 
focus groups. Int J Qual Health Care, 2007. 19(6): p. 349-57. 

325. Given, L., 100 Questions (and Answers) About Qualitative Research. 2016, 
Thousand Oakes: SAGE. 

326. Krueger, R.A., Focus Groups A Practical Guide for Applied Research. 
2014, Thousand Oaks, Cal: SAGE Publications Inc. 

327. Braun, V. and V. Clarke, Using thematic analysis in psychology. 
Qualitative Research in Psychology, 2006. 3(2): p. 77-101. 

328. Oken, M.M., R.H. Creech, D.C. Tormey, J. Horton, T.E. Davis, E.T. 
McFadden, et al., Toxicity and response criteria of the Eastern 
Cooperative Oncology Group. Am J Clin Oncol, 1982. 5(6): p. 649-55. 

329. Morley, J.E., T.K. Malmstrom and D.K. Miller, A simple frailty 
questionnaire (FRAIL) predicts outcomes in middle aged African 
Americans. J Nutr Health Aging, 2012. 16(7): p. 601-8. 

330. TheVascularSocietiesofGreatBritainandIreland. Provision of Vascular 
Services 2012. 2012  [Date Accessed: 15/03/2024]; Available from: 
https://www.vascularsociety.org.uk/_userfiles/pages/files/Document%20
Library/Provision-of-Services-for-Patients-with-Vascular-Disease.pdf. 

331. Kocman, D., E. Regen, K. Phelps, G. Martin, S. Parker, T. Gilbert, et al., 
Can comprehensive geriatric assessment be delivered without the need 
for geriatricians? A formative evaluation in two perioperative surgical 
settings. Age and Ageing, 2019. 48(5): p. 644-649. 

332. Thillainadesan, J., J. Jansen, J. Close, S. Hilmer and V. Naganathan, 
Geriatrician perspectives on perioperative care: a qualitative study. BMC 
Geriatrics, 2021. 21(1): p. 68. 

333. Thillainadesan, J., S. Hilmer, J. Close, L. Kearney and V. Naganathan, 
Geriatric medicine services for older surgical patients in acute hospitals: 



334 
 

Results from a binational survey. Australasian Journal on Ageing, 2019. 
38(4): p. 278-283. 

334. Partridge, J.S.L., R.M. Aitken and J.K. Dhesi, Perioperative medicine for 
older people: Learning across continents. Australasian Journal on Ageing, 
2019. 38(4): p. 228-230. 

335. Engelhardt, K.E., Q. Reuter, J. Liu, J.F. Bean, J. Barnum, M.B. Shapiro, et 
al., Frailty screening and a frailty pathway decrease length of stay, loss 
of independence, and 30-day readmission rates in frail geriatric trauma 
and emergency general surgery patients. Journal of Trauma and Acute 
Care Surgery, 2018. 85(1). 

336. Natesan, S., J.Y. Li, K.K. Kyaw, Z. Soh, E. Yong, Q. Hong, et al., 
Effectiveness of Comanagement Model: Geriatric Medicine and Vascular 
Surgery. J Am Med Dir Assoc, 2022. 23(4): p. 666-670. 

337. D’Oria, M., E. Giacomelli, A.T. Fargion, W. Dorigo, C. Calvagna, M. 
Campolmi, et al., Perceptions, awareness, and implementation 
surrounding the assessment of frailty amongst vascular surgeons in Italy: 
Results from a nationwide cross-sectional survey. Vascular, 2024: p. 
17085381241257740. 

338. Barritt, D., IEC 61131 and DSDM in real-time process control applications. 
Computing & Control Engineering Journal, 2002. 13: p. 94-100. 

339. Kukreja, N., S. Payyavula, B. Boehm and S. Padmanabhuni, Value-Based 
Requirements Prioritization: Usage Experiences. Procedia Computer 
Science, 2013. 16: p. 806–813. 

340. Tudor, D.a.W., G. A., Using an agile approach in a large, traditional 
organization. 2006. 7 pp.-373. 

341. GettingItRightFirstTime. Six steps to better care for older people in 
hospital are outlined in new guidance. 2023  [Date Accessed: 
16/03/2024]; Available from: https://gettingitrightfirsttime.co.uk/six-
steps-to-better-care-for-older-people-in-hospital-are-outlined-in-new-
guidance/. 

342. AmericanCollegeofSurgeons. Optimal Resources for Geriatric Surgery. 
2019  [Date Accessed: 16/03/2024]; Available from: 
https://www.facs.org/media/u4jf5j3k/geriatricsv_standards.pdf. 

343. Bastiaan Van, G., M. Lynn, A.M. Daniel, M.F. Susan, F. Katleen, M. Koen, 
et al., Quality indicators for in-hospital geriatric co-management 
programmes: a systematic literature review and international Delphi 
study. BMJ Open, 2018. 8(3): p. e020617. 

344. McGory, M.L., K.K. Kao, P.G. Shekelle, L.Z. Rubenstein, M.J. Leonardi, 
J.A. Parikh, et al., Developing Quality Indicators for Elderly Surgical 
Patients. Annals of Surgery, 2009. 250(2). 

345. Ambler, G.K., D.E. Brooks, N. Al Zuhir, A. Ali, M.S. Gohel, P.D. Hayes, et 
al., Effect of frailty on short- and mid-term outcomes in vascular surgical 
patients. British Journal of Surgery, 2015. 102(6): p. 638-645. 

346. Spiers, G.F., T.P. Kunonga, A. Hall, F. Beyer, E. Boulton, S. Parker, et al., 
Measuring frailty in younger populations: a rapid review of evidence. BMJ 
Open, 2021. 11(3): p. e047051. 

347. NHSSpecialisedClinicalFrailtyNetwork. Clinical Frailty Scale. 2023  [Date 
accessed: 15/05/2024]; Available from: https://www.scfn.org.uk/clinical-
frailty-scale. 



335 
 

348. Scotland'sCensus. Ethnicity. 2023  [Date Accessed: 04/06/2023]; Available 
from: https://www.scotlandscensus.gov.uk/census-results/at-a-
glance/ethnicity/. 

349. OfficeForNationalStatistics. Ethnic Group, England and Wales: Census 
2021. 2021  [cited [Date Accessed: 04/06/2024; Available from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity
/ethnicity/bulletins/ethnicgroupenglandandwales/census2021. 

350. Gordon, E.H. and R.E. Hubbard, Frailty: understanding the difference 
between age and ageing. Age and Ageing, 2022. 51(8): p. afac185. 

351. Aguayo, G.A., A.F. Donneau, M.T. Vaillant, A. Schritz, O.H. Franco, S. 
Stranges, et al., Agreement Between 35 Published Frailty Scores in the 
General Population. Am J Epidemiol, 2017. 186(4): p. 420-434. 

352. Cigolle, C.T., M.B. Ofstedal, Z. Tian and C.S. Blaum, Comparing models of 
frailty: the Health and Retirement Study. J Am Geriatr Soc, 2009. 57(5): 
p. 830-9. 

353. Morley, J.E., B. Vellas, G.A. van Kan, S.D. Anker, J.M. Bauer, R. Bernabei, 
et al., Frailty consensus: a call to action. J Am Med Dir Assoc, 2013. 
14(6): p. 392-7. 

354. Howlett, S.E., A.D. Rutenberg and K. Rockwood, The degree of frailty as 
a translational measure of health in aging. Nature Aging, 2021. 1(8): p. 
651-665. 

355. Panza, F., A. D'Introno, A.M. Colacicco, C. Capurso, A.D. Parigi, S.A. 
Capurso, et al., Cognitive frailty: Predementia syndrome and vascular 
risk factors. Neurobiol Aging, 2006. 27(7): p. 933-40. 

356. Bunt, S., N. Steverink, J. Olthof, C.P. van der Schans and J.S.M. 
Hobbelen, Social frailty in older adults: a scoping review. Eur J Ageing, 
2017. 14(3): p. 323-334. 

357. Kukla, M., L. Skladany, T. Menżyk, A. Derra, D. Stygar, M. Skonieczna, et 
al., Irisin in Liver Cirrhosis. J Clin Med, 2020. 9(10). 

358. Theou, O., J. Walston and K. Rockwood, Operationalizing Frailty Using 
the Frailty Phenotype and Deficit Accumulation Approaches. Interdiscip 
Top Gerontol Geriatr, 2015. 41: p. 66-73. 

359. Xue, Q.L., J. Tian, J.D. Walston, P.H.M. Chaves, A.B. Newman and K. 
Bandeen-Roche, Discrepancy in Frailty Identification: Move Beyond 
Predictive Validity. J Gerontol A Biol Sci Med Sci, 2020. 75(2): p. 387-393. 

360. Bai, G., Y. Wang, J.K.L. Mak, M. Ericsson, S. Hägg and J. Jylhävä, Is 
Frailty Different in Younger Adults Compared to Old? Prevalence, 
Characteristics, and Risk Factors of Early-Life and Late-Life Frailty in 
Samples from Sweden and UK. Gerontology, 2023. 69(12): p. 1385-1393. 

361. Smart, R., B. Carter, J. McGovern, S. Luckman, A. Connelly, J. Hewitt, et 
al., Frailty Exists in Younger Adults Admitted as Surgical Emergency 
Leading to Adverse Outcomes. J Frailty Aging, 2017. 6(4): p. 219-223. 

362. Hewitt, J., B. Carter, K. McCarthy, L. Pearce, J. Law, F.V. Wilson, et al., 
Frailty predicts mortality in all emergency surgical admissions regardless 
of age. An observational study. Age and Ageing, 2019. 48(3): p. 388-394. 

363. Society, B.G., Fit for frailty part 2: Developing, commissioning and 
managing services for people living with frailty in community settings. 
2015. 

364. HealthcareImprovementScotland. Focus on frailty: About focus on frailty. 
2023  [Date accessed: 15/05/2024]; Available from: 



336 
 

https://ihub.scot/improvement-programmes/community-care/focus-on-
frailty/about-focus-on-frailty/. 

365. Morley, R.L., A. Sharma, A.D. Horsch and R.J. Hinchliffe, Peripheral 
artery disease. Bmj, 2018. 360: p. j5842. 

366. McInnes, A.D., Diabetic foot disease in the United Kingdom: about time 
to put feet first. J Foot Ankle Res, 2012. 5(1): p. 26. 

367. García-Esquinas, E., A. Graciani, P. Guallar-Castillón, E. López-García, L. 
Rodríguez-Mañas and F. Rodríguez-Artalejo, Diabetes and risk of frailty 
and its potential mechanisms: a prospective cohort study of older adults. 
J Am Med Dir Assoc, 2015. 16(9): p. 748-54. 

368. Sinclair, A.J. and L. Rodriguez-Mañas, Diabetes and Frailty: Two 
Converging Conditions? Can J Diabetes, 2016. 40(1): p. 77-83. 

369. Tuttle, L.J., D.C. Bittel, A.J. Bittel and D.R. Sinacore, Early-Onset 
Physical Frailty in Adults With Diabesity and Peripheral Neuropathy. Can 
J Diabetes, 2018. 42(5): p. 478-483. 

370. Abellan Van Kan, G., Y. Rolland, S. Andrieu, J. Bauer, O. Beauchet, M. 
Bonnefoy, et al., Gait speed at usual pace as a predictor of adverse 
outcomes in community-dwelling older people an International Academy 
on Nutrition and Aging (IANA) Task Force. The Journal of nutrition, health 
and aging, 2009. 13(10): p. 881-889. 

371. Podsiadlo, D. and S. Richardson, The Timed “Up & Go”: A Test of Basic 
Functional Mobility for Frail Elderly Persons. Journal of the American 
Geriatrics Society, 1991. 39(2): p. 142-148. 

372. Hoffmann, S., A. Wiben, M. Kruse, K.K. Jacobsen, M.A. Lembeck and E.A. 
Holm, Predictive validity of PRISMA-7 as a screening instrument for 
frailty in a hospital setting. BMJ Open, 2020. 10(10): p. e038768. 

373. Society, B.G., Joining the dots: A blueprint for preventing and managing 
frailty in older people 2023. 

374. Larsen, P.D., Geroscience: The Intersection of Basic Aging Biology, 
Chronic Disease, and Health. Rehabil Nurs, 2019. 44(4): p. 187-188. 

375. Lindström, B. and M. Eriksson, Salutogenesis. J Epidemiol Community 
Health, 2005. 59(6): p. 440-2. 

376. Hornby-Turner, Y.C., N.M. Peel and R.E. Hubbard, Health assets in older 
age: a systematic review. BMJ Open, 2017. 7(5): p. e013226. 

377. Bentley, J., Older people as health service consumers: background to a 
study. Br J Community Nurs, 2003. 8(1): p. 36-43. 

378. Altman, A.D., L. Helpman, J. McGee, V. Samouëlian, M.H. Auclair, H. 
Brar, et al., Enhanced recovery after surgery: implementing a new 
standard of surgical care. Cmaj, 2019. 191(17): p. E469-e475. 

379. POPSNetwork. Guidelines and Case Studies. 2023  [Date Accessed: 
02/02/2025]; Available from: 
https://www.popsolderpeople.org/guidelines-and-case-studies. 

380. CentreforPerioperativeCare. Perioperative Care for Older People 
undergoing Surgery Network (POPS).  [Date Accessed: 02/02/2025]; 
Available from: https://cpoc.org.uk/perioperative-care-older-people-
undergoing-surgery-network-pops. 

381. Rubenstein, L.Z., A.E. Stuck, A.L. Siu and D. Wieland, Impacts of 
Geriatric Evaluation and Management Programs on Defined Outcomes: 
Overview of the Evidence. Journal of the American Geriatrics Society, 
1991. 39(S1): p. 8S-16S. 



337 
 

382. BritishGeriatricSociety. Comprehensive Geriatric Assessment Toolkit for 
Primary Care Practitioners. 2019  [Date Accessed: 12/04/2024]; Available 
from: 
https://www.bgs.org.uk/sites/default/files/content/resources/files/2019
-02-08/BGS%20Toolkit%20-%20FINAL%20FOR%20WEB_0.pdf. 

383. Joughin, A.L., J.S.L. Partridge, T. O'Halloran and J.K. Dhesi, Where are 
we now in perioperative medicine? Results from a repeated UK survey of 
geriatric medicine delivered services for older people. Age Ageing, 2019. 
48(3): p. 458-462. 

384. Eamer, G., J.A. Gibson, C. Gillis, A.T. Hsu, M. Krawczyk, E. MacDonald, et 
al., Surgical frailty assessment: a missed opportunity. BMC 
Anesthesiology, 2017. 17(1): p. 99. 

385. POPSNetwork. POPS Toolkit. 2023  [Date Accessed: 02/02/2025]; 
Available from: https://www.popsolderpeople.org/pops-toolkit. 



338 
 

Supplementary materials 

Appendix 1: Supplementary material for Chapter 2 and 3: Search 

syntaxes for literature and systematic review. 

 
PubMed syntax, performed 11/08/22   
Search 
number   

Query   Filters   Results   

1   (frail*) OR (pre-frail) OR (prefrail) OR (sarcopenia) OR 
(Rockwood) OR (geriatric syndrome) OR (Fried) OR 
(geriatric assessment) OR (Clinical frailty scale)   

   109,549   

2   (Vascular Surgical procedures) OR (axillofemoral 
bypass grafting) OR (embolectomy) OR 
(thrombectomy) OR (vascular surg*) OR (bypass graft*) 
OR (Vascular graft*) OR (stent*) OR (atherectomy*) OR 
(lower limb amputation*) OR (lower extremity 
amputation*) OR (leg amputation*) OR 
(embolectomy*) OR (thrombectomy*) OR 
(revasculariz*) OR (revascularis*) OR (peripheral 
vascular intervention*) OR (aorto-femoral bypass*) OR 
(aortofemoral bypass*) OR (aorto-iliac bypass*) OR 
(aortoiliac bypass*) OR (axillo-femoral bypass*) OR 
(axillofemoral bypass*) OR (femoro-femoral bypass*) 
OR (femorofemoral bypass*) OR (femoral bypass*) OR 
(femoro-popliteal bypass*) OR (femoropopliteal 
bypass*) OR (femoro-popliteal-tibial bypass*) OR 
(femoro-tibial bypass*) OR (crural bypass*)   

   814,587   

3   femorotibial bypass* or distal bypass* or infrainguinal 
bypass* or profundoplast* or obturator bypass* or 
percutaneous transluminal angioplasty or PTA or 
angioplast* or percutaneous vascular intervention* or 
endovasc*   

   185,587   

4   carotid endarterectomy or carotid artery 
endarterectomy or carotid artery stent* or 
transcarotid*   

   23,283   

5   abdominal aortic aneurysm* or aorto-bifemoral bypass 
graft or aortobifemoral bypass graft or aorto-
bifemoral bypass or aortobifemoral bypass or EVAR or 
tEVAR or fEVAR or endovascular aneurysm repair* or 
thoracic endovascular aneursym repair or fenestrated 
endovascular aneurysm repair   

      

6   Mesenteric or SMA or mesenteric isch*      43,248   
7   #2 OR #3 OR #4 OR #5 OR #6      934,186   
8   #1 AND #7      2,626   
9   #1 AND #7 Filters: English, Humans      2,085   
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Embase syntax <1996 to 2022 Week 31>   
#   Query   Results   
1   frail elderly/ or Edmonton Frail Scale/ or frail*.mp   52435   
2   prefrail.mp. or frailty/   20946   
3   pre-frail.mp   1702   
4   sarcopenia/   16687   
5   geriatric disorder/   5264   
6   geriatric assessment/   18823   
7   geriatric syndrome.mp   1310   
8   rockwood.mp   1137   
9   Clinical Frailty Scale/   837   
10   (frail* adj3 (index* or phenotype* or assess* or instrument* or 

measure* or scale* indice* or score*)).mp. [mp=title, abstract, 
heading word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, keyword 
heading word, floating subheading word, candidate term word]   

12289   

11   (fried* adj4 (frail* or index* or phenotype*)).mp. [mp=title, 
abstract, heading word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, keyword 
heading word, floating subheading word, candidate term word]
    

2188   

12   (Vascular Surgical procedures or axillofemoral bypass grafting or 
embolectomy or thrombectomy or vascular surg* or bypass graft* 
or vascular graft* or stent* or atherectomy* or lower limb 
amputation* or lower extremity amputation* or leg amputation* 
or embolectomy* or thrombectomy* or revasculariz* or 
revascularis* or peripheral vascular intervention* or aorto-
femoral bypass* or aortofemoral bypass* or aorto-iliac bypass* or 
aortoiliac bypass* or axillo-femoral bypass* or axillofemoral 
bypass* or femoro-femoral bypass* or femorofemoral bypass* or 
femoral bypass* or femoro-popliteal bypass* or femoropopliteal 
bypass* or femoro-popliteal-tibial bypass* or femoro-tibial 
bypass* or crural bypass*).mp. [mp=title, abstract, heading word, 
drug trade name, original title, device manufacturer, drug 
manufacturer, device trade name, keyword heading word, 
floating subheading word, candidate term word]    

453067   

13   (femorotibial bypass* or distal bypass* or infrainguinal bypass* or 
profundoplast* or obturator bypass* or percutaneous transluminal 
angioplasty or PTA or angioplast* or percutaneous vascular 
intervention* or endovasc*).mp. [mp=title, abstract, heading 
word, drug trade name, original title, device manufacturer, drug 
manufacturer, device trade name, keyword heading word, 
floating subheading word, candidate term word]   

190260   

14   (carotid endarterectomy or carotid artery endarterectomy or 
carotid artery stent* or transcarotid*).mp. [mp=title, abstract, 
heading word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, keyword 

25311   
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heading word, floating subheading word, candidate term word]
    

15   (abdominal aortic aneurysm* or aorto-bifemoral bypass graft or 
aortobifemoral bypass graft or aorto-bifemoral bypass or 
aortobifemoral bypass or EVAR or tEVAR or fEVAR or 
endovascular aneurysm repair* or thoracic endovascular 
aneursym repair or fenestrated endovascular aneurysm 
repair).mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device 
trade name, keyword heading word, floating subheading word, 
candidate term word]   

40854   

16   (mesenteric or SMA or mesenteric isch*).mp   100619   
17   1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11   85224   
18   12 or 13 or 14 or 15 or 16   651924   
19   17 and 18   2157   
20   limit 18 to (human and english language)   2046   
  
  
CINAHL syntax - Monday, August 15, 2022  
#   Query   Limiters/Expanders   Last Run Via   Results   
S9   S1 AND S7   Expanders - Apply 

equivalent subjects   
Narrow by Language: - 
english   
Search modes - 
Boolean/Phrase   

Interface - 
EBSCOhost 
Research 
Databases   
Search Screen - 
Advanced 
Search   
Database - 
CINAHL   

379   

S8   S1 AND S7   Expanders - Apply 
equivalent subjects   
Search modes - 
Boolean/Phrase   

Interface - 
EBSCOhost 
Research 
Databases   
Search Screen - 
Advanced 
Search   
Database - 
CINAHL   

385   

S7   
S2 OR S3 OR S4 OR S5 OR 
S6   

Expanders - Apply 
equivalent subjects   
Search modes - 
Boolean/Phrase   

Interface - 
EBSCOhost 
Research 
Databases   
Search Screen - 
Advanced 
Search   
Database - 
CINAHL   

111,443  

S6   
Mesenteric or SMA or 
mesenteric isch*   

Expanders - Apply 
equivalent subjects   

Interface - 
EBSCOhost 

8,612   
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Search modes - 
Boolean/Phrase   

Research 
Databases   
Search Screen - 
Advanced 
Search   
Database - 
CINAHL   

S5   

abdominal aortic aneurysm* 
or aorto-bifemoral bypass 
graft or aortobifemoral 
bypass graft or aorto-
bifemoral bypass or 
aortobifemoral bypass or 
EVAR or tEVAR or fEVAR or 
endovascular aneurysm 
repair* or thoracic 
endovascular aneursym 
repair or fenestrated 
endovascular aneurysm 
repair   

Expanders - Apply 
equivalent subjects   
Search modes - 
Boolean/Phrase   

Interface - 
EBSCOhost 
Research 
Databases   
Search Screen - 
Advanced 
Search   
Database - 
CINAHL   

6,303   

S4   

carotid endarterectomy or 
carotid artery 
endarterectomy or carotid 
artery stent* or 
transcarotid*   

Expanders - Apply 
equivalent subjects   
Search modes - 
Boolean/Phrase   

Interface - 
EBSCOhost 
Research 
Databases   
Search Screen - 
Advanced 
Search   
Database - 
CINAHL   

3,877   

S3   

femorotibial bypass* or 
distal bypass* or 
infrainguinal bypass* or 
profundoplast* or obturator 
bypass* or percutaneous 
transluminal angioplasty or 
PTA or angioplast* or 
percutaneous vascular 
intervention* or endovasc*   

Expanders - Apply 
equivalent subjects   
Search modes - 
Boolean/Phrase   

Interface - 
EBSCOhost 
Research 
Databases   
Search Screen - 
Advanced 
Search   
Database - 
CINAHL   

34,702   

S2   

(Vascular Surgical 
procedures) OR 
(axillofemoral bypass 
grafting) OR (embolectomy) 
OR (thrombectomy) OR 
(vascular surg*) OR (bypass 
graft*) OR (Vascular graft*) 
OR (stent*) OR 
(atherectomy*) OR (lower 
limb amputation*) OR 
(lower extremity 
amputation*) OR (leg 

Expanders - Apply 
equivalent subjects   
Search modes - 
Boolean/Phrase   

Interface - 
EBSCOhost 
Research 
Databases   
Search Screen - 
Advanced 
Search   
Database - 
CINAHL   

81,757   
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amputation*) OR 
(embolectomy*) OR 
(thrombectomy*) OR 
(revasculariz*) OR 
(revascularis*) OR 
(peripheral vascular 
intervention*) OR (aorto-
femoral bypass*) OR 
(aortofemoral bypass*) OR 
(aorto-iliac bypass*) OR 
(aortoiliac bypass*) OR 
(axillo-femoral bypass*) OR 
(axillofemoral bypass*) OR 
(femoro-femoral bypass*) 
OR (femorofemoral bypass*) 
OR (femoral bypass*) OR 
(femoro-popliteal bypass*) 
OR (femoropopliteal 
bypass*) OR (femoro-
popliteal-tibial bypass*) OR 
(femoro-tibial bypass*) OR 
(crural bypass*)   

S1   

(frail*) OR (pre-frail) OR 
(prefrail) OR (sarcopenia) 
OR (Rockwood) OR 
(geriatric syndrome) OR 
(Fried) OR (geriatric 
assessment) OR (Clinical 
frailty scale)   

Expanders - Apply 
equivalent subjects   
Search modes - 
Boolean/Phrase   

Interface - 
EBSCOhost 
Research 
Databases   
Search Screen - 
Advanced 
Search   
Database - 
CINAHL   

45,117   

  
 
Ovid MEDLINE(R) <1946 to August Week 1 2022>  
1  Frail Elderly/ or Frailty/ or Geriatric Assessment/ or frail*.mp  56333  
2  prefrail.mp  562  
3  pre-frail.mp  829  
4  Sarcopenia/  7821  
5  geriatric syndrome.mp  673  
6  rockwood.mp  515  
7  (frail* adj3 (index* or phenotype* or assess* or instrument* or 

measure* or scale* indice* or score*)).mp. [mp=title, book title, 
abstract, original title, name of substance word, subject heading 
word, floating sub-heading word, keyword heading word, organism 
supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, 
synonyms]  

6024  

8  (fried* adj4 (frail* or index* or phenotype*)).mp. [mp=title, book title, 
abstract, original title, name of substance word, subject heading 

1050  
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word, floating sub-heading word, keyword heading word, organism 
supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, 
synonyms]  

9  (Vascular Surgical procedures or axillofemoral bypass grafting or 
embolectomy or thrombectomy or vascular surg* or bypass graft* or 
vascular graft* or stent* or atherectomy* or lower limb amputation* or 
lower extremity amputation* or leg amputation* or embolectomy* or 
thrombectomy* or revasculariz* or revascularis* or peripheral vascular 
intervention* or aorto-femoral bypass* or aortofemoral bypass* or 
aorto-iliac bypass* or aortoiliac bypass* or axillo-femoral bypass* or 
axillofemoral bypass* or femoro-femoral bypass* or femorofemoral 
bypass* or femoral bypass* or femoro-popliteal bypass* or 
femoropopliteal bypass* or femoro-popliteal-tibial bypass* or femoro-
tibial bypass* or crural bypass*).mp. [mp=title, book title, abstract, 
original title, name of substance word, subject heading word, floating 
sub-heading word, keyword heading word, organism supplementary 
concept word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms]  

258186 

10  (femorotibial bypass* or distal bypass* or infrainguinal bypass* or 
profundoplast* or obturator bypass* or percutaneous transluminal 
angioplasty or PTA or angioplast* or percutaneous vascular 
intervention* or endovasc*).mp. [mp=title, book title, abstract, 
original title, name of substance word, subject heading word, floating 
sub-heading word, keyword heading word, organism supplementary 
concept word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms]  

134536 

11  (carotid endarterectomy or carotid artery endarterectomy or carotid 
artery stent* or transcarotid*).mp. [mp=title, book title, abstract, 
original title, name of substance word, subject heading word, floating 
sub-heading word, keyword heading word, organism supplementary 
concept word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms]  

12552  

12  (abdominal aortic aneurysm* or aorto-bifemoral bypass graft or 
aortobifemoral bypass graft or aorto-bifemoral bypass or 
aortobifemoral bypass or EVAR or tEVAR or fEVAR or endovascular 
aneurysm repair* or thoracic endovascular aneursym repair or 
fenestrated endovascular aneurysm repair).mp. [mp=title, book title, 
abstract, original title, name of substance word, subject heading 
word, floating sub-heading word, keyword heading word, organism 
supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, 
synonyms]  

23284  

13  (mesenteric or SMA or mesenteric isch*).mp. [mp=title, book title, 
abstract, original title, name of substance word, subject heading 
word, floating sub-heading word, keyword heading word, organism 
supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, 
synonyms]  

77276  
  

14  1 or 2 or 3 or 4 or 5 or 6 or 7 or 8  63089  
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15  9 or 10 or 11 or 12 or 13  413349 
16  14 and 15  898  
17  limit 16 to (english language and humans)  847  
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Appendix 2: Supplementary material for Chapter 3: Systematic review 

protocol registration (OSF Registries | Frailty in vascular disease: reviewing 

frailty assessment tools - PROTOCOL). 

 

 

Evidence of pre-registered protocol with time-stamped amendment. Please 

follow URL to view the entire document. 
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Appendix 3: Supplementary material for Chapter 3: Comprehensive 

taxonomy of COnsensus-based Standards for the selection of health 

Measurement Instruments (COSMIN) definitions. Table as presented in 

www.cosmin.nl, date accessed: 14/03/2035. 

 



347 
 

Appendix 4: Supplementary material for Chapter 3: Search syntax for 

second (COSMIN) systematic review. Search performed on 21/02/2023 on 

OVID (medline + embase). 

 

 

 

1  
(psychometric* or "validation studies" or clinimetric* or "internal 
consistency" or "predictive value" or sensitivity or questionnaire or 
assessment or evaluation or "self-reported" or "self-report" or 
validity).mp. [mp=title, book title, abstract, original title, name 
of substance word, subject heading word, floating sub-heading 
word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms, 
population supplementary concept word, anatomy supplementary 
concept word]  

12121226 

2  
(frail* adj3 (index or scale or score or questionnaire)).m_titl. 

2769 

3 “Risk analysis index”.m_titl. 56 
4 2 or 3 

 

2796 

5 1 and 4 2124 

6 Limit 5 to (English language and humans and year=”2019-
Current”) 

1307 

7 Deduplicate 870 
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Appendix 5: Supplementary material for Chapter 3: Complete list of all 

Risk Analysis Index tools (RAI) identified in the first systematic review 

 

.

 
Tool used to assess frailty 

Number of 
assessments 

Number using 
standard tool 

Modified 
version 

Not 
described 

RAI Risk Analysis Index (RAI-C)* 1 1   

RAI Risk Analysis Index (RAI-A)$ 5 5   
RAI Revised Risk Analysis Index (RAI-
Rev) (includes RAI-P/RAI-PC)£ 6 2 4  

RAI VQI-derived Risk Analysis Index 
(VQI-RAI)# 3 3   

RAI Risk Analysis Index (unspecified) 2 0  2 

TOTAL RAI 17 11 4 2 

*RAI-C: 14 point prospective patient-completed questionnaire. 11 variables and 2 statistical interactions, 
scoring from 0 - 81. Set up on a veteran population database (92% male). Predicts 30-, 180- and 365- day 
mortality. $RAI-A: 11-point variable retrospective collection of data in Veterans Affairs Surgical Quality 
Improvement Program (VASQIP) designed in a way to mirror the RAI-C, scored 0 - 81. £RAI-Rev: 
Recalibrated RAI-A to American College of Surgeons National Surgical Quality Improvement Program (ACS 
NSQIP) database which includes females with improved predictive values, scored 0 – 81. #VQI-RAI: Adjusted 
RAI-A to suit the Society of Vascular Surgery Patient Safety Organization Vascular Quality Initiative (SVS-
PSO VQI), by amending some defined variables, including changing ‘shortness of breath’ to ‘chronic 
obstructive pulmonary disease’ and excluding cancer status as the VQI database was reported not to 
record this.  
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Appendix 6: Supplementary material for Chapter 4: Frailty Assessment in 

Vascular Outpatient Review (FAVOUR) study registration. 

 

 

Evidence of FAVOUR study registration on ClinicTrials.gov. For full document, 

please refer to URL: 

https://clinicaltrials.gov/study/NCT06040658?cond=NCT06040658&rank=1 
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London - Riverside Research Ethics Committee  
Ground Floor  

Temple Quay House  
2 The Square  

Bristol  
BS1 6PN  

  
Telephone: 020 7104 8150  

23 February 2023  
  
Dr Terry Quinn  
2nd Floor, Lister Building  
Glasgow Royal Infirmary  
84 Castle Street  
G4 0SF  
  
  
Dear Dr Quinn  
  

 

Study title:  Frailty Assessment in Vascular OUtpatients 
Review (FAVOUR Trial) – comparing feasibility 
and prognostic value of commonly used 
assessments.  

REC reference:  23/PR/0062  
Protocol number:  n/a  
IRAS project ID:  322086  
  
Thank you for your letter of 22 February 2023, responding to the 
Proportionate Review  Sub-Committee’s request for changes to the 
documentation for the above study.  
  
The revised documentation has been reviewed and approved on behalf of 
the PR sub-committee.  
  
Confirmation of ethical opinion  
On behalf of the Research Ethics Committee (REC), I am pleased to confirm a 
favourable ethical opinion for the above research on the basis described in the 
application form, protocol and supporting documentation as revised.  
  
Good practice principles and responsibilities  
The UK Policy Framework for Health and Social Care Research sets out 
principles of good practice in the management and conduct of health and 
social care research. It also outlines the responsibilities of individuals and 
organisations, including those related to the four elements of research 
transparency:   
  

1. registering research studies  
2. reporting results  
3. informing participants  
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4. sharing study data and tissue  
Conditions of the favourable opinion  
The REC favourable opinion is subject to the following conditions being met prior 
to the start of the study.  
  
  
Confirmation of Capacity and Capability (in England, Northern Ireland and 
Wales) or NHS management permission (in Scotland) should be sought from 
all NHS organisations involved in the study in accordance with NHS research 
governance arrangements. Each NHS organisation must confirm through the 
signing of agreements and/or other documents that it has given permission 
for the research to proceed (except where explicitly specified otherwise).   
  
Guidance on applying for HRA and HCRW Approval (England and Wales)/ 
NHS permission for research is available in the Integrated Research 
Application System.   
  
For non-NHS sites, site management permission should be obtained in 
accordance with the procedures of the relevant host organisation.  
  
Sponsors are not required to notify the Committee of management 
permissions from host organisations.   
  
Registration of Clinical Trials  
  
All research should be registered in a publicly accessible database and we 
expect all researchers, research sponsors and others to meet this 
fundamental best practice standard.   
  
It is a condition of the REC favourable opinion that all clinical trials are 
registered on a publicly accessible database within six weeks of recruiting 
the first research participant. For this purpose, ‘clinical trials’ are defined 
as:  
  

• clinical trial of an investigational medicinal product  
• clinical investigation or other study of a medical device  
• combined trial of an investigational medicinal product and an 

investigational medical device  
• other clinical trial to study a novel intervention or randomised 

clinical trial to compare interventions in clinical practice.  
  
Failure to register a clinical trial is a breach of these approval conditions, 
unless a deferral has been agreed by the HRA (for more information on 
registration and requesting a deferral see: Research registration and 
research project identifiers).  
  
If you have not already included registration details in your IRAS 
application form you should notify the REC of the registration details as 
soon as possible.  
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Publication of Your Research Summary  
  
We will publish your research summary for the above study on the research 
summaries section of our website, together with your contact details, no 
earlier than three months from the date of this favourable opinion letter.    
  
Should you wish to provide a substitute contact point, make a request to 
defer, or require further information, please visit:  
https://www.hra.nhs.uk/planning-and-improving-research/application-
summaries/research-sum maries/  
  
N.B. If your study is related to COVID-19 we will aim to publish your 
research summary within 3 days rather than three months.   
  
During this public health emergency, it is vital that everyone can promptly 
identify all relevant research related to COVID-19 that is taking place 
globally. If you haven’t already done so, please register your study on a 
public registry as soon as possible and provide the REC with the 
registration detail, which will be posted alongside other information 
relating to your project. We are also asking sponsors not to request 
deferral of publication of research summary for any projects relating to 
COVID-19. In addition, to facilitate finding and extracting studies related 
to COVID-19 from public databases, please enter the WHO official acronym 
for the coronavirus disease (COVID-19) in the full title of your study. 
Approved COVID-19 studies can be found at:  
https://www.hra.nhs.uk/covid-19-research/approved-covid-19-research/   
  
It is the responsibility of the sponsor to ensure that all the conditions are 
complied with before the start of the study or its initiation at a particular 
site (as applicable).  
  
After ethical review: Reporting requirements   
The attached document “After ethical review – guidance for researchers” 
gives detailed guidance on reporting requirements for studies with a 
favourable opinion, including:  
  
• Notifying substantial amendments  
• Adding new sites and investigators  
• Notification of serious breaches of the protocol  
• Progress and safety reports  
• Notifying the end of the study, including early termination of the 

study  
• Final report  
• Reporting results  
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The latest guidance on these topics can be found at 
https://www.hra.nhs.uk/approvals-amendments/managing-your-approval/.   
  
  
  
  
Ethical review of research sites  
The favourable opinion applies to all NHS/HSC sites taking part in the 
study, subject to management permission being obtained from the 
NHS/HSC R&D office prior to the start of the study (see “Conditions of the 
favourable opinion” above).  
  
Approved documents  
The documents reviewed and approved by the Committee are:  
  
Document    Version    Date    
Covering letter on headed paper [REC cover letter]   1   13 February 2023   
Evidence of Sponsor insurance or indemnity (non NHS 
Sponsors only) [Insurance]   

1   20 July 2022   

IRAS Application Form [IRAS_Form_22022023]      22 February 2023   
IRAS Application Form XML file [IRAS_Form_22022023]      22 February 2023   
IRAS Checklist XML [Checklist_22022023]      22 February 2023   
Non-validated questionnaire [Patient CRF]   1.1   16 December 2022  
Non-validated questionnaire [Proxy CRF]   1.1   16 December 2022  
Non-validated questionnaire [Clinician CRF]   1.1   21 December 2022  
Non-validated questionnaire [Researcher CRF]   1.1   21 December 2022  
Other [REC response letter]   1   13 February 2023   
Participant consent form [Patient consent form]   1.2   10 January 2023   
Participant consent form [Proxy consent form]   1.2   10 January 2023   
Participant consent form [Clinician consent form]   1.2   10 January 2023   
Participant information sheet (PIS) [Patient PIS clean]   1.3   13 February 2023   
Participant information sheet (PIS) [Patient PIS tracked]  1.3   13 February 2023   
Participant information sheet (PIS) [Proxy PIS Clean]   1.3   13 February 2023   
Participant information sheet (PIS) [Proxy PIS Tracked]   1.3   13 February 2023   
Participant information sheet (PIS) [Clinician PIS clean]   1.3   13 February 2023   
Participant information sheet (PIS) [Clinician PIS 
tracked]   

1.3   13 February 2023   

Research protocol or project proposal [Protocol]   1.3   16 February 2023   
Summary CV for Chief Investigator (CI) [CV template TJ 
Quinn2022]   

1   04 January 2023   

Summary CV for student [Student CV]   1.0   25 October 2022   
Summary CV for supervisor (student research) 
[Supervisor CV]   

1   04 January 2023   

Summary, synopsis or diagram (flowchart) of protocol in 
non technical language [Gantt Chart]   

1.1   21 December 2022  
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Validated questionnaire [Clavien-Dindo Classification]   1.0   21 December 2022  
Validated questionnaire [11-mFI]   1.0   21 December 2022  
Validated questionnaire [HIS Frailty questionnaire]   1.0   21 December 2022  
Validated questionnaire [Rockwood's CFS Questionnaire]  1.0   21 December 2022  
Validated questionnaire [FiND questionnaire]   1.0   21 December 2022  

  
  
  
Statement of compliance  
  
The Committee is constituted in accordance with the Governance 
Arrangements for Research Ethics Committees and complies fully with the 
Standard Operating Procedures for Research Ethics Committees in the UK.  
  
User Feedback  
  
The Health Research Authority is continually striving to provide a high 
quality service to all applicants and sponsors. You are invited to give your 
view of the service you have received and the application procedure. If 
you wish to make your views known please use the feedback form available 
on the HRA website:  
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/     
  
HRA Learning  
  
We are pleased to welcome researchers and research staff to our HRA 
Learning Events and online learning opportunities– see details at:  
https://www.hra.nhs.uk/planning-and-improving-research/learning/   
  
IRAS project ID: 322086     Please quote this number on all 

correspondence  
  
  
With the Committee’s best wishes for the success of this project.  
  
Yours sincerely  
  
Dr Matthew Hyde Chair  
  
  
PP Dan Pygall Approvals Specialist  
  
Email: riverside.rec@hra.nhs.uk  
  
Enclosures:    After ethical review guidance for sponsors and investigators –   
      Non CTIMP Standard Conditions of Approval]  
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Copy to:  Dr Colette Montgomery Sardar  
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Appendix 7: Supplementary material for Chapter 4: Example of FAVOUR 

consent form. 

 

 
 

 

Participant Identification Number for 
this trial: 

 

 
_______________________________ 

Title of Project:  
  

Frailty Assessment in Vascular OUtpatients Review (FAVOUR Trial) – 
comparing feasibility and prognostic value of commonly used 
assessments.  

 

Name of Researcher(s): 
 
Miss Silje Welsh 

 

CONSENT FORM (Patient) Please 
initial 
box 

1. I confirm that I have read and understood the Participant Information 
Sheet (patient) version 1.3 dated 13/02/2023.  

2. I have had the opportunity to think about the information and ask 
questions and understand the answers I have been given.   

3. I understand that my participation is voluntary and that I am free to 
withdraw at any time during data collection, without giving any reason, 
without my legal rights being affected. Data collection is expected to 
conclude 13 months after my recruitment to this study. 

 

4. I confirm that I agree to the way my data will be collected and processed 
and that data will be stored for up to 10 years in University archiving 
facilities in accordance with relevant Data Protection policies and 
regulations.  

 

5. I understand that all data and information I provide will be kept 
confidential and will be seen only by study researchers and regulators 
whose job it is to check the work of researchers.   

6. I agree that my name, contact details and data described in the 
information sheet will be kept for the purposes of this research project 
only and securely destroyed within 3 months of the end of this study.  

7. I understand that if I withdraw from the study, I will be asked to clarify 
how I would like the data collected from me up to that point to be  
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handled. There will be the option to retain it for the remainder of the 
study, or for it to be securely destroyed.  

8. If relevant, I agree to a proxy (friend/relative/care-giver) contributing 
towards my participation in this study. Their participation will require 
them to complete a separate consent form. I also understand that a 
proxy’s decision to participate, or not, will in no way affect my 
participation in this study. 

 

9. I agree that the study team can access my electronic health record for 
the purposes of the study.  

10. I understand that electronic follow-up will occur at 30-days and 1-year 
after my recruitment to this study. Further, I understand that if I undergo 
surgical treatment, an additional follow-up will occur at 30-days and 1-
year after the first treatment/surgery. 

 

 

11. I agree to the dissemination of study results through publication in 
scientific journals and presentation at relevant conferences. For the 
purposes of dissemination, I understand that my data will be 
anonymised. 
 

 

12. I understand that the results from this study will not be communicated 
directly to me. However, I have received the contact details for lead 
researcher (in the Participant Information Sheet), whom I can contact 
should I want to enquire about progress of the study/study results. 

 

13. I agree to take part in the study. 
  

 
 
           
Name of participant   Date   Signature 

 

Researcher     Date   Signature 

(1 copy for participant; 1 copy for researcher; 1 copy for case notes) 

 

To be completed if participant wishes to withdraw, initial relevant boxes: 

14. I confirm that the patient expresses a wish to withdraw from the study.  

15. On withdrawal, the patient wishes the following regarding their personal and research data: 
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(a) All data collected up until the point of withdrawal is to be deleted and not used in 
the study results.  No further data (i.e. at any remaining follow-up points) may be 
collected. 

OR 

(b) All data collected up until the point of withdrawal can be kept by the researchers 
and used in the study results.  No further data (i.e. at any remaining follow-up 
points) may be collected. 

Signed by Principal Investigator on behalf of the patient 

 
 
 
 
 
Principle Investigator   Date   Signature 
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Appendix 8: Supplementary material for Chapter 4: List of case report 

forms (CRFs) completed by clinicians, patients/proxies and researcher in 

FAVOUR study. 
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Appendix 9: Supplementary material for Chapter 4: Short term outcome results - subgroup analysis of patients diagnosed and 

treated for critical limb threatening ischaemia (CLTI), presented in tabular form. 

The following 30-day outcomes were analysed: 

1. 30-day mortality 

2. 30-day morbidity 

3. Post-operative length of hospital stay 

4. Post-operative readmission rates (to any speciality) 

5. Post-operative non-home discharge 

6. Post-operative discharge with greater social care requirements 
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Subgroup analysis – Postoperative 30-day mortality for CLTI patients only 

Frailty instrument 
(n=frailty positive) 

Frail + mortality, n (%) Robust + mortality, n (%) Statistics 

cCFS (n=27) 2 (7) 0 χ2 (1, n=45) = 1.395, p=0.238 
ICE (n=32) 2 (6) 0 χ2 (1, n=45) = 0.850, p=0.356 
HIS FRAIL (n=25) 1 (4) 1 (5) χ2 (1, n=45) = 0.026, p=0.872 
pCFS (n=21) 2 (10) 0 χ2 (1, n=45) = 2.392, p=0.122 
mFI-11 (n=34) 2 (6) 0 χ2 (1, n=45) = 0.677, p=0.411 
FiND (n=41) 2 (5) 0 χ2 (1, n=45) = 0.204, p=0.651 
cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. This patient cohort consists of 44 patients diagnosed with CLTI and 1 patient diagnosed 
with CLTI and mesenteric angina who underwent treatment for CLTI. 
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Subgroup analysis – Postoperative 30-day morbidity for CLTI patients only 

Frailty instrument 
(n=frailty positive) 

Frail + mortality, n (%) Robust + mortality, n (%) Statistics 

cCFS (n=27) 14 (52) 6 (33) χ2 (1, n=45) = 1.500, p=0.221 
ICE (n=32) 16 (50) 4 (31) χ2 (1, n=45) = 1.385, p=0.239 
HIS FRAIL (n=25) 12 (48) 8 (40) χ2 (1, n=45) = 0.288, p=0.592 
pCFS (n=21) 9 (43) 11 (46) χ2 (1, n=45) = 0.040, p=0.841 
mFI-11 (n=34) 13 (38) 7 (6) χ2 (1, n=45) = 2.172, p=0.141 
FiND (n=41) 19 (46) 1 (25) χ2 (1, n=45) = 0.672, p=0.412 
cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. This patient cohort consists of 44 patients diagnosed with CLTI and 1 patient diagnosed 
with CLTI and mesenteric angina who underwent treatment for CLTI. 
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Postoperative 30-day morbidity for CLTI only patients AUC analysis 
 

 
 
  

Area Under the Curve  

Test Result 
Variable(s)  Area  

Std. 
Errora  

Asymptotic 
Sig.b  

Asymptotic 95% Confidence 
Interval  
Lower 
Bound  Upper Bound

PtCFSScore  .600  .078  .214  .447  .753  
PtFiNDFrail  .559  .079  .463  .405  .713  
CICEScore  .574  .079  .358  .419  .728  
CCFSScore  .550  .079  .535  .395  .705  
CHISFRAILPositive  .557  .080  .479  .401  .713  
RmFI11Score  .364  .076  .090  .215  .513  
The test result variable(s): PtCFSScore, PtFiNDFrail, CICEScore, CCFSScore, 
CHISFRAILPositive, RmFI11Score has at least one tie between the positive actual 
state group and the negative actual state group. Statistics may be biased.  
a. Under the nonparametric assumption  
b. Null hypothesis: true area = 0.5  
 



366 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Subgroup analysis - postoperative length of hospital stay for CLTI patients only 

Frailty instrument Length of hospital admission in 
days, median(IQR) / mean (±SD) 

Statistics 

cCFS 
Robust (n = 17) 

 
3 (4.5) / 11 (±31.5) 

Z = -1.300, p=0.194 

Frail (n = 27) 6 (17) / 15 (±21.0)  

ICE 
Robust (n = 13) 

 
2 (5) / 4 (±3.3) 

Z = -1.880, p=0.060 

Frail (n = 31) 6 (17) / 18 (±29.2)  

HIS FRAIL 
Robust (n = 19) 

 
2 (9) / 5 (±5.6) 

Z = -1.696, p=0.090 

Frail (n = 25) 6 (22) / 20 (±32.0)  

pCFS 
Robust (n = 24) 

 
3 (6) / 12 (±28.4) 

Z = -1.402, p=0.161 

Frail (n = 20) 7 (17) / 15 (±21.6)  

mFI-11 
Robust (n = 11) 

 
7 (12) / 14 (±16.2) 

Z = -1.352, p=0.176 

Frail (n = 33) 3 (12) / 13 (±27.9)  

FiND 
Robust (n = 4) 

 
6 (23) / 10 (±12.7) 

Z = -0.309, p=0.758 

Frail (n = 40) 4 (11) / 14 (±26.3)  

cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS 
FRAIL – Healthcare Improvement Scotland FRAIL tool, pCFS – patient-assessed Clinical 
Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail NonDisabled 
Questionnaire. * p<0.05. This patient cohort consists of 44 patients diagnosed with 
CLTI and 1 patient diagnosed with CLTI and mesenteric angina who underwent 
treatment for CLTI. 
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Subgroup analysis – Postoperative 30-day readmission for CLTI patients only 

Frailty instrument 
(n=frailty positive) 

Frail + mortality, n (%) Robust + mortality, n (%) Statistics 

cCFS (n=25) 8 (32) 4 (22) χ2 (1, n=43) = 0.497, p=0.481 
ICE (n=30) 9 (30) 3 (23) χ2 (1, n=43) = 0.216, p=0.642 
HIS FRAIL (n=24) 7 (29) 5 (26) χ2 (1, n=43) = 0.043, p=0.836 
pCFS (n=19) 5 (26) 7 (29) χ2 (1, n=43) = 0.043, p=0.836 
mFI-11 (n=32) 9 (28) 3 (27) χ2 (1, n=43) = 0.003, p=0.957 
FiND (n=39) 12 (31) 0  χ2 (1, n=43) = 1.707, p=0.191 
cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. This patient cohort consists of 44 patients diagnosed with CLTI and 1 patient diagnosed 
with CLTI and mesenteric angina who underwent treatment for CLTI. 
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Postoperative 30-day readmission for CLTI patients only AUC analysis 

 
 
 
  

Area Under the Curve  

Test Result 
Variable(s)  Area  

Std. 
Errora  

Asymptotic 
Sig.b  

Asymptotic 95% 
Confidence Interval

Lower 
Bound  Bound

PtCFSScore  .492  .084  .933  .328  
PtFiNDFrail  .577  .086  .410  .408  
CICEScore  .564  .091  .492  .386  
CCFSScore  .557  .090  .540  .381  
CHISFRAILPositive .526  .093  .784  .343  
RmFI11Score  .500  .098  1.000  .308  
The test result variable(s): PtCFSScore, PtFiNDFrail, CICEScore, CCFSScore, 

CHISFRAILPositive, RmFI11Score has at least one tie between the positive actual state group 
and the negative actual state group. Statistics may be biased.  

a. Under the nonparametric assumption  
b. Null hypothesis: true area = 0.5  
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Subgroup analysis – Postoperative nonhome discharge for CLTI patients only 

Frailty instrument 
(n=frailty positive) 

Frail + mortality, n (%) Robust + mortality, n (%) Statistics 

cCFS (n=27) 0 1 (6) χ2 (1, n=44) = 1.625, p=0.202 
ICE (n=31) 1 (3) 0 χ2 (1, n=44) = 0.429, p=0.512 
HIS FRAIL (n=25) 1 (4) 0 χ2 (1, n=44) = 0.778, p=0.378 
pCFS (n=20) 0 1 (4) χ2 (1, n=44) = 0.853, p=0.356 
mFI-11 (n=33) 1 (3) 0 χ2 (1, n=44) = 0.341, p=0.559 
FiND (n=40) 1 (3) 0 χ2 (1, n=44) = 0.102, p=0.749 
cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. This patient cohort consists of 44 patients diagnosed with CLTI and 1 patient diagnosed 
with CLTI and mesenteric angina who underwent treatment for CLTI. 
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Subgroup analysis – Postoperative discharge with greater social care requirements for CLTI patients only 

Frailty instrument 
(n=frailty positive) 

Frail + mortality, n (%) Robust + mortality, n (%) Statistics 

cCFS (n=27) 1 (4) 1 (6) χ2 (1, n=44) = 0.114, p=0.736 
ICE (n=31) 2 (6) 0 χ2 (1, n=44) = 0.879, p=0.349 
HIS FRAIL (n=25) 1 (4) 1 (5) χ2 (1, n=44) = 0.040, p=0.842 
pCFS (n=20) 0 2 (8) χ2 (1, n=44) = 1.746, p=0.186 
mFI-11 (n=33) 1 (3) 1 (9) χ2 (1, n=44) = 0.698, p=0.403 
FiND (n=40) 2 (5) 0 χ2 (1, n=44) = 0.210, p=0.647 
cCFS – clinician-assessed Clinical Frailty Scale, ICE – Initial Clinical Evaluation, HIS FRAIL – Healthcare Improvement 
Scotland FRAIL tool, pCFS – patient-assessed Clinical Frailty Scale, mFI-11 – 11-item modified frailty index. FiND – Frail 
NonDisabled Questionnaire. This patient cohort consists of 44 patients diagnosed with CLTI and 1 patient diagnosed 
with CLTI and mesenteric angina who underwent treatment for CLTI. 
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Appendix 10: Supplementary material for Chapter 5: Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) checklist.  

Table from STROBE (2025) STROBE Checklists, STROBE. Available at: 

https://www.strobe-statement.org/checklists/ (Accessed: 07 April 2025).  

 
Item 
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 

Background/rationale 2 Explain the scientific background and rationale for the 
investigation being reported 

Objectives 3 State specific objectives, including any prespecified 
hypotheses 

Study design 4 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/ 
measurement 

8*  For each variable of interest, give sources of data and 
details of methods of 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 eligible, examined for 
eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed 
(b) Give reasons for non-participation at each stage 
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(c) Consider use of a flow diagram 
Descriptive data 14* (a) Give characteristics of study participants (eg 

demographic, clinical, social) and information on 
exposures and potential confounders 
(b) Indicate number of participants with missing data 
for each variable of interest 
(c) Summarise follow-up time (eg, average and total 
amount) 

Outcome data 15* Report numbers of outcome events or summary 
measures over time 

 
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-

adjusted estimates and 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 
(c) If relevant, consider translating estimates of relative risk into 
absolute risk for a meaningful time period 

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 

 

*Give information separately for exposed and unexposed groups. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 

background and published examples of transparent reporting. The STROBE checklist is best used in 

conjunction with this article (freely available on the Web sites of PLoS Medicine at 

http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at 

http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-

statement.org. 
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Appendix 11: Supplementary material for Chapter 7: Checklist for Reporting 

Results of Internet E-Surveys (CHERRIES) checklist.  

Table from Eysenbach G. Improving the quality of Web surveys: the Checklist for 

Reporting Results of Internet E-Surveys (CHERRIES). J Med Internet Res. 2004 Sep 

29;6(3):e34. doi: 10.2196/jmir.6.3.e34. Erratum in: doi:10.2196/jmir.2042. 

PMID: 15471760; PMCID: PMC1550605. 

 
Checklist for Reporting Results of Internet E-Surveys 
(CHERRIES) 

Item Category Checklist Item Explanation 

Design 
  

 
Describe survey design Describe target population, 

sample frame. Is the sample a 
convenience sample? (In “open” 
surveys this is most likely.) 

IRB (Institutional 
Review Board) 
approval and 
informed consent 
process 

  

 
IRB approval Mention whether the study has 

been approved by an IRB. 
 

Informed consent Describe the informed consent 
process. Where were the 
participants told the length of 
time of the survey, which data 
were stored and where and for 
how long, who the investigator 
was, and the purpose of the 
study? 

 
Data protection If any personal information was 

collected or stored, describe 
what mechanisms were used to 
protect unauthorized access. 

Development and 
pre-testing 

  

 
Development and testing State how the survey was 

developed, including whether 
the usability and technical 
functionality of the electronic 
questionnaire had been tested 
before fielding the 
questionnaire. 
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Checklist for Reporting Results of Internet E-Surveys 
(CHERRIES) 

Item Category Checklist Item Explanation 

Recruitment 
process and 
description of the 
sample having 
access to the 
questionnaire 

  

 
Open survey versus closed 
survey 

An “open survey” is a survey 
open for each visitor of a site, 
while a closed survey is only 
open to a sample which the 
investigator knows (password-
protected survey). 

 
Contact mode Indicate whether or not the initial 

contact with the potential 
participants was made on the 
Internet. (Investigators may also 
send out questionnaires by mail 
and allow for Web-based data 
entry.) 

 
Advertising the survey How/where was the survey 

announced or advertised? Some 
examples are offline media 
(newspapers), or online (mailing 
lists – If yes, which ones?) or 
banner ads (Where were these 
banner ads posted and what did 
they look like?). It is important to 
know the wording of the 
announcement as it will heavily 
influence who chooses to 
participate. Ideally the survey 
announcement should be 
published as an appendix. 

Survey 
administration 

  

 
Web/E-mail State the type of e-survey (eg, 

one posted on a Web site, or 
one sent out through e-mail). If it 
is an e-mail survey, were the 
responses entered manually into 
a database, or was there an 
automatic method for capturing 
responses? 

 
Context Describe the Web site (for 

mailing list/newsgroup) in which 
the survey was posted. What is 
the Web site about, who is 
visiting it, what are visitors 
normally looking for? Discuss to 
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Checklist for Reporting Results of Internet E-Surveys 
(CHERRIES) 

Item Category Checklist Item Explanation 

what degree the content of the 
Web site could pre-select the 
sample or influence the results. 
For example, a survey about 
vaccination on a anti-
immunization Web site will have 
different results from a Web 
survey conducted on a 
government Web site 

 
Mandatory/voluntary Was it a mandatory survey to be 

filled in by every visitor who 
wanted to enter the Web site, or 
was it a voluntary survey? 

 
Incentives Were any incentives offered (eg, 

monetary, prizes, or non-
monetary incentives such as an 
offer to provide the survey 
results)? 

 
Time/Date In what timeframe were the data 

collected? 
 

Randomization of items or 
questionnaires 

To prevent biases items can be 
randomized or alternated. 

 
Adaptive questioning Use adaptive questioning 

(certain items, or only 
conditionally displayed based on 
responses to other items) to 
reduce number and complexity 
of the questions. 

 
Number of Items What was the number of 

questionnaire items per page? 
The number of items is an 
important factor for the 
completion rate. 

 
Number of screens (pages) Over how many pages was the 

questionnaire distributed? The 
number of items is an important 
factor for the completion rate. 

 
Completeness check It is technically possible to do 

consistency or completeness 
checks before the questionnaire 
is submitted. Was this done, and 
if “yes”, how (usually 
JAVAScript)? An alternative is to 
check for completeness after the 
questionnaire has been 
submitted (and highlight 
mandatory items). If this has 
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Checklist for Reporting Results of Internet E-Surveys 
(CHERRIES) 

Item Category Checklist Item Explanation 

been done, it should be 
reported. All items should 
provide a non-response option 
such as “not applicable” or 
“rather not say”, and selection of 
one response option should be 
enforced. 

 
Review step State whether respondents were 

able to review and change their 
answers (eg, through a Back 
button or a Review step which 
displays a summary of the 
responses and asks the 
respondents if they are correct). 

Response rates 
  

 
Unique site visitor If you provide view rates or 

participation rates, you need to 
define how you determined a 
unique visitor. There are 
different techniques available, 
based on IP addresses or 
cookies or both. 

 
View rate (Ratio of unique 
survey visitors/unique site 
visitors) 

Requires counting unique 
visitors to the first page of the 
survey, divided by the number of 
unique site visitors (not page 
views!). It is not unusual to have 
view rates of less than 0.1 % if 
the survey is voluntary. 

 
Participation rate (Ratio of 
unique visitors who agreed 
to participate/unique first 
survey page visitors) 

Count the unique number of 
people who filled in the first 
survey page (or agreed to 
participate, for example by 
checking a checkbox), divided 
by visitors who visit the first 
page of the survey (or the 
informed consents page, if 
present). This can also be called 
“recruitment” rate. 

 
Completion rate (Ratio of 
users who finished the 
survey/users who agreed 
to participate) 

The number of people 
submitting the last questionnaire 
page, divided by the number of 
people who agreed to 
participate (or submitted the first 
survey page). This is only 
relevant if there is a separate 
“informed consent” page or if the 
survey goes over several pages. 
This is a measure for attrition. 
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Checklist for Reporting Results of Internet E-Surveys 
(CHERRIES) 

Item Category Checklist Item Explanation 

Note that “completion” can 
involve leaving questionnaire 
items blank. This is not a 
measure for how completely 
questionnaires were filled in. (If 
you need a measure for this, 
use the word “completeness 
rate”.) 

Preventing multiple 
entries from the 
same individual 

  

 
Cookies used Indicate whether cookies were 

used to assign a unique user 
identifier to each client 
computer. If so, mention the 
page on which the cookie was 
set and read, and how long the 
cookie was valid. Were 
duplicate entries avoided by 
preventing users access to the 
survey twice; or were duplicate 
database entries having the 
same user ID eliminated before 
analysis? In the latter case, 
which entries were kept for 
analysis (eg, the first entry or 
the most recent)? 

 
IP check 
  
  
  
  
  

Indicate whether the IP address 
of the client computer was used 
to identify potential duplicate 
entries from the same user. If 
so, mention the period of time 
for which no two entries from the 
same IP address were allowed 
(eg, 24 hours). Were duplicate 
entries avoided by preventing 
users with the same IP address 
access to the survey twice; or 
were duplicate database entries 
having the same IP address 
within a given period of time 
eliminated before analysis? If 
the latter, which entries were 
kept for analysis (eg, the first 
entry or the most recent)? 

 
Log file analysis Indicate whether other 

techniques to analyze the log 
file for identification of multiple 
entries were used. If so, please 
describe. 
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Checklist for Reporting Results of Internet E-Surveys 
(CHERRIES) 

Item Category Checklist Item Explanation 
 

Registration In “closed” (non-open) surveys, 
users need to login first and it is 
easier to prevent duplicate 
entries from the same user. 
Describe how this was done. 
For example, was the survey 
never displayed a second time 
once the user had filled it in, or 
was the username stored 
together with the survey results 
and later eliminated? If the 
latter, which entries were kept 
for analysis (eg, the first entry or 
the most recent)? 

Analysis 
  

 
Handling of incomplete 
questionnaires 

Were only completed 
questionnaires analyzed? Were 
questionnaires which terminated 
early (where, for example, users 
did not go through all 
questionnaire pages) also 
analyzed? 

 
Questionnaires submitted 
with an atypical timestamp 

Some investigators may 
measure the time people 
needed to fill in a questionnaire 
and exclude questionnaires that 
were submitted too soon. 
Specify the timeframe that was 
used as a cut-off point, and 
describe how this point was 
determined. 

 
Statistical correction Indicate whether any methods 

such as weighting of items or 
propensity scores have been 
used to adjust for the non-
representative sample; if so, 
please describe the methods. 
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Appendix 12: Supplementary material for Chapter 7: the Consolidated 

criteria for Reporting Qualitative studies (COREQ): 32-item checklist.  

Table form Allison Tong, Peter Sainsbury, Jonathan Craig, Consolidated criteria 

for reporting qualitative research (COREQ): a 32-item checklist for interviews 

and focus groups, International Journal for Quality in Health Care, Volume 19, 

Issue 6, December 2007, Pages 349–357, https://doi-

org.knowledge.idm.oclc.org/10.1093/intqhc/mzm042 

No Item Guide questions/description 
Domain 1: 
Research team 
and reflexivity  

    

Personal 
Characteristics  

    

1.  Interviewer/facilitator  Which author/s conducted the 
interview or focus group?  

2.  Credentials  What were the researcher's 
credentials? E.g. PhD, MD  

3.  Occupation  What was their occupation at the 
time of the study?  

4.  Gender  Was the researcher male or 
female?  

5.  Experience and 
training  

What experience or training did 
the researcher have?  

Relationship with 
participants  

    

6.  Relationship 
established  

Was a relationship established 
prior to study commencement?  

7.  Participant knowledge 
of the interviewer  

What did the participants know 
about the researcher? e.g. 
personal goals, reasons for doing 
the research  

8.  Interviewer 
characteristics  

What characteristics were 
reported about the 
interviewer/facilitator? e.g. Bias, 
assumptions, reasons and 
interests in the research topic  

Domain 2: study 
design  
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Theoretical 
framework  

    

9.  Methodological 
orientation and 
Theory  

What methodological orientation 
was stated to underpin the 
study? e.g. grounded theory, 
discourse analysis, ethnography, 
phenomenology, content analysis  

Participant 
selection  

    

10.  Sampling  How were participants 
selected? e.g. purposive, 
convenience, consecutive, 
snowball  

11.  Method of approach  How were participants 
approached? e.g. face-to-face, 
telephone, mail, email  

12.  Sample size  How many participants were in 
the study?  

13.  Non-participation  How many people refused to 
participate or dropped out? 
Reasons?  

Setting      
14.  Setting of data 

collection  
Where was the data collected? 
e.g. home, clinic, workplace  

15.  Presence of non-
participants  

Was anyone else present besides 
the participants and researchers?  

16.  Description of sample  What are the important 
characteristics of the sample? e.g. 
demographic data, date  

Data collection      
17.  Interview guide  Were questions, prompts, guides 

provided by the authors? Was it 
pilot tested?  

18.  Repeat interviews  Were repeat interviews carried 
out? If yes, how many?  

19.  Audio/visual recording  Did the research use audio or 
visual recording to collect the 
data?  

20.  Field notes  Were field notes made during 
and/or after the interview or 
focus group?  

21.  Duration  What was the duration of the 
interviews or focus group?  

22.  Data saturation  Was data saturation discussed?  
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23.  Transcripts returned  Were transcripts returned to 
participants for comment and/or 
correction?  

Domain 3: 
analysis and 
findings 

    

Data analysis      
24.  Number of data 

coders  
How many data coders coded the 
data?  

25.  Description of the 
coding tree  

Did authors provide a description 
of the coding tree?  

26.  Derivation of themes  Were themes identified in 
advance or derived from the 
data?  

27.  Software  What software, if applicable, was 
used to manage the data?  

28.  Participant checking  Did participants provide feedback 
on the findings?  

Reporting      
29.  Quotations presented  Were participant quotations 

presented to illustrate the themes 
/ findings? Was each quotation 
identified? e.g. participant 
number  

30.  Data and findings 
consistent  

Was there consistency between 
the data presented and the 
findings?  

31.  Clarity of major 
themes  

Were major themes clearly 
presented in the findings?  

32.  Clarity of minor 
themes  

Is there a description of diverse 
cases or discussion of minor 
themes?  

 
ADDITIONAL CONSIDERATIONS 
Domain 1: research team and reflexivity 

1) Personal characteristics 

2) Relationship with participants 

 
Domain 2: Study design 

1) Theoretical framework – ethnography (to understand the culture of groups 
with shared characteristics) 

2) Participant selection – Purposive sampling by contacting vascular surgeons 
through professional memberships. Snowball effect permitted to 
encourage the wider healthcare team to join  
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3) Setting – Teams/Hospital/university facilities. Include presence of 
nonparticipants and basic demographics 

4) Data collection – Audio recording and transcription. ?? Participants not 
invited to perform transcript checking for authenticity. Field notes – 
maintain contextual detail and document nonverbal communication. 
Participants were not re-interviewed by focus group, instead they will be 
invited to leave contact details for re-contact through repeat survey at a 
later date. Duration anticipated 30-45 minutes for groups of up to six 
participants. Mention that data saturation was not considered as the 
greater the sample size, the greater the results would reflect population 
opinion and also, the greater the chance of recruiting participants from 
non-surgical (but relevant) specialities. I.e., nursing, physio, anaesthetics) 

 
Domain 3: Analysis and findings 

1) Data analysis – The credibility of the findings can be assessed if the process 
of coding (selecting significant sections from participant statements), and 
the derivation and identification of themes are made explicit.  

2) Reporting - If supporting quotations are provided, researchers should 
include quotations from different participants to add transparency and 
trustworthiness to their findings and interpretations of the data. Summary 
findings, interpretations and theories generated should be clearly 
presented in qualitative research publications. 
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Appendix 13 : Supplementary material for Chapter 7: 18-item 

questionnaire used in the study. 
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Appendix 14: Supplementary material for Chapter 7: The semi structured 

interview guide used during interview and focus group sessions. 

 



388 
 



389 
 

 
 
 
  



390 

16th September 2022  

MVLS College Ethics Committee 

Project Title:  Assessing the familiarity and utilisation of frailty assessment 
tools within a vascular surgery service  
Project No: 200220006  

Dear Dr Quinn, 

The College Ethics Committee has reviewed your application and has agreed that 
there is no objection on ethical grounds to the proposed study. It is happy 
therefore to approve the project.  

• Project end date: As stated in application.

• The data should be held securely for a period of ten years after the completion
of the research project, or for longer if specified by the research funder or
sponsor, in accordance with the University’s Code of Good Practice in
Research:

• https://www.gla.ac.uk/media/media_490311_en.pdf

• The research should be carried out only on the sites, and/or with the groups
defined in the application.

• Any proposed changes in the protocol should be submitted for reassessment,
except when it is necessary to change the protocol to eliminate hazard to the
subjects or where the change involves only the administrative aspects of the
project. The Ethics Committee should be informed of any such changes.

• You should submit a short end of study report to the Ethics Committee within
3 months of completion.

• For projects requiring the use of an online questionnaire, the University has an
Online Surveys account for research. To request access, see the University’s
application procedure at
https://www.gla.ac.uk/research/strategy/ourpolicies/useofonlinesurveystool
forresearch/.

Yours sincerely, 

Jesse Dawson 
MD, BSc (Hons), FRCP, FESO 
Professor of Stroke Medicine 

Consultant Physician 
Clinical Lead Scottish Stroke Research Network / NRS Stroke Research Champion 

Chair MVLS Research Ethics Committee 
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