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ABSTRACT  

Background 

The aim of this study was to investigate the illness trajectories of patients with peripheral artery 

disease (PAD) after revascularization, and estimate the independent risks of major amputation and 

death (any cause) and their interaction.  

Methods 

Data from Hospital Episode Statistics Admitted Patient Care (HES APC) were used to identify patients 

(aged 50+ years) who underwent lower limb revascularization for PAD in England from April 2013 to 

March 2020. A Markov illness-death model was developed to describe patterns of survival after the 

initial lower limb revascularization, if and when patients experienced major amputation, and survival 

after amputation. The model was also used to investigate the association between patient 

characteristics and these illness trajectories. We also analysed the relative contribution of deaths 

after amputation to overall mortality and how the risk of mortality after amputation was related to 

the time from the index revascularization to amputation. 

Results 

The study analysed 94 690 patients undergoing lower limb revascularization for PAD during 2013-

2020. The majority were men (65.6%) and the median age was 72 years (IQR 64-79). A third (34.8%) 

of patients had non-elective revascularization, whilst others had elective procedures. For non-

elective patients, the amputation rate was 15.2% (95% CI 14.4-16.0) and 19.9% (19.0-20.8) at 1 and 5 

years after revascularization, respectively. For elective patients, the corresponding amputation rate 

was 2.7% (95% CI 2.4-3.1) and 5.3% (4.9-5.8). Overall, the risk of major amputation was higher 

among patients who were younger, had tissue loss, diabetes, greater frailty, non-elective 

revascularization, and more distal procedures. The mortality rate at 5 years after revascularization 

was 64.3% (95% CI 63.2-65.5) for non-elective patients and 33.0% (32.0-34.1) for elective patients. 

After major amputation, patients were at an increased risk of mortality if they underwent major 

amputation within 6 months after the index revascularization. 
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Conclusions 

The illness-death model provides an integrated framework to understand patient outcomes after 

lower limb revascularization for PAD. Although mortality increased with age, the study highlights 

patients under 60 were at higher risk of major amputation, particularly after non-elective 

revascularization.  

   

Keywords: peripheral artery disease, revascularization, major amputation, mortality, illness 

trajectories, illness-death model  

 

Non-standard Abbreviations and Acronyms 

PAD peripheral artery disease 

HES Hospital Episode Statistics 

APC Admitted Patient Care 

NVR National Vascular Registry 

ONS Office for National Statistics 

NHS National Health Service 

ICD-10 International Classification of Diseases 10th Revision 

OPCS-4 Office of Population Censuses and Surveys Classification of Interventions and Procedures 4th 

Revision 

IMD Index of Multiple Deprivation 

RCS Royal College of Surgeons 

SCARF secondary care administrative records frailty 

CLTI chronic limb-threatening ischaemia 
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Clinical Perspective 

What Is New?  

• An illness-death model was used to explore the illness trajectories of major amputation and 

mortality in 94 690 patients who underwent lower limb revascularization for PAD during 

April 2013 to March 2020 in England. 

• Mortality increased with age, but patients under 60 were at a higher risk of major 

amputation than patients aged 80+ years, particularly after non-elective revascularization. 

• Patients had an increased risk of mortality after major amputation if they underwent a major 

amputation within 6 months of their index revascularization. 

  

What Are the Clinical Implications? 

• More than two thirds of major amputations performed in patients following 

revascularization were after non-elective revascularizations, whilst the majority of major 

amputations occurred within 6 months of the index revascularization, suggesting precise 

treatment plans could be developed to help improve patient outcomes. 

• Limb salvage following revascularization is particularly poor in patients aged under 60 years, 

focus is required on timely treatment options that improve the outcomes for this subgroup 

of patients.  

• The overall mortality at 5 years following non-elective revascularization is greater than 

previously described, suggesting better preventative strategies are warranted. 
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INTRODUCTION 

Peripheral artery disease (PAD) is the third leading cause of atherosclerotic vascular morbidity, after 

coronary heart disease and stroke1. It is an increasingly prevalent condition, and the severe forms of 

PAD can result in a high risk of lower limb amputation and death1-3. Lower limb revascularization is 

commonly undertaken to improve the blood flow in legs, using either endovascular techniques 

(angioplasty and/or stenting), open surgery (lower limb bypass procedures, endarterectomy) or a 

hybrid combination of procedures2,3. Two of the primary goals of revascularization are to prevent 

limb loss and prolong survival3. However, a substantial proportion of patients still undergo major 

lower limb amputation (above the ankle) after revascularization and are at high risk of death3-8. The 

2022 United Kingdom National Vascular Registry (UK NVR) Annual Report suggested that more than 

8% of patients underwent major amputations within 30 days after a non-elective revascularization in 

20219. 

 

Following an initial lower limb revascularization, patients with PAD may experience major 

amputation and die afterwards. They may also die without first experiencing a major lower limb 

amputation. To capture the two important outcomes (major amputation and death), studies 

evaluating lower limb revascularization procedures often report survival rates and amputation-free 

survival5,8. A limitation of this approach is the lack of information about the risk of major 

amputation, and how patient characteristics are associated with the individual risks of major 

amputation and mortality10. A competing risk analysis can be used to estimate the separate risks of 

major amputation and mortality7,11. However, this still fails to provide information about the risk of 

death after amputation and to delineate inferences about overall survival after revascularization. 

Prognostic studies of survival after major amputation can provide some information, but these 

studies are often not limited to patients who have had a revascularization12-15, and therefore 

interpreting these results and relating them to the disease progression for patients who had 

previously undergone revascularization is difficult.  
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The aim of this study was to describe the illness trajectories after revascularization for patients with 

lower limb PAD, and to investigate the subsequent patterns of major amputation and mortality. 

Specific objectives were to use a unified approach to examine how patient and clinical 

characteristics were associated with the risks of: (1) major amputation; (2) death without major 

amputation; (3) death after major amputation; and (4) overall mortality. The study also investigated 

whether the risk of death after major amputation was associated with the time from 

revascularization to amputation, in addition to patient characteristics known at the time of 

revascularization.  

 

METHODS 

Data source and study cohort 

This retrospective, population-based cohort study used a dataset extracted from the Hospital 

Episode Statistics Admitted Patient Care (HES APC) database for England16, with mortality data taken 

from the UK Office for National Statistics (ONS) Death Registry which holds the date and cause of 

death for residents of England and Wales 17. The HES APC is an administrative database which 

collects data on all admissions to National Health Service (NHS) hospitals in England, and codes 

diagnostic information using ICD-10 and operative procedures using OPCS-4. The database allows for 

longitudinal follow-up of admitted patients using pseudonymized patient identifiers. The data 

governance arrangements do not allow the authors to redistribute or provide access to the data to 

other parties. Researchers can apply for access to HES data through NHS Digital 

(enquiries@nhsdigital.nhs.uk). 

  

Patients who underwent lower limb revascularization with PAD between 1 April 2013 and 31 March 

2020 at NHS hospitals in England were identified through the HES APC database (ICD-10 codes for 

PAD and OPCS-4 codes for lower limb procedures listed in Supplementary Table S1). A patient was 
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classified as having PAD if a relevant ICD-10 diagnostic code occurred in any of the up to 20 diagnosis 

fields. The first recorded revascularization procedure over the enrolment period was defined as the 

index revascularization and the procedure date as the index date. The revascularization was labelled 

elective if performed during an elective admission, and non-elective if performed during an 

emergency admission or following a transfer from another hospital.  

 

The study cohort consisted of patients who were aged 50 years and over on admission for the index 

revascularization. We adopted this age cut-off because lower limb revascularization due to PAD is 

rare among individuals aged under 50 years and the disease may display different patterns of 

progression18. Patients were excluded if they had other lower limb revascularization procedures 

performed between 1 April 2011 and 31 March 2013 (at least 2 years’ look back) so that the index 

procedure was most likely to be the patients’ first revascularization. Patients were also excluded if 

they had a major amputation on the same day as the index revascularization or prior to the index 

revascularization from 1 April 2011. The analysis was restricted to patients resident in England at the 

time of revascularization as non-residents were considered to have a greater risk of loss to follow-

up. Patient records with missing data on covariates at the time of index revascularization were also 

excluded.  

  

Follow-up and outcomes 

Follow-up time was defined as the time elapsed from the index date until the date of death, or the 

end of study date (31 March 2021) for those who survived throughout the study period. This gave a 

minimum and maximum follow-up period of 1 and 8 years, respectively. The study measured the 

occurrence of two events during follow-up: major amputation and death. These events were 

combined to give four primary outcomes (Figure 1): the cumulative incidence of major amputation, 

the cumulative incidence of death without major amputation, the cumulative incidence of death 

after major amputation, and the cumulative incidence of overall death.  
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Patient characteristics at revascularization 

Baseline patient and clinical characteristics were taken from the records describing the index 

revascularization admission. Patient demographics included age, sex and neighborhood 

socioeconomic deprivation. Deprivation was measured using the English Index of Multiple 

Deprivation (IMD) related to the patient’s area of residence and was converted to quintiles based on 

the national rank of the area19. The PAD indication for revascularization was defined based on 

whether or not patients presented with tissue loss (ulceration, gangrene, and osteomyelitis) at the 

time of index revascularization. 

 

Patient comorbidities were captured using the Royal College of Surgeons (RCS) Charlson score20, 

which was derived using the diagnostic codes from admission for the index revascularization as well 

as admissions during the preceding 12 months. Acute conditions (such as myocardial infarction) 

were only counted when present in the historical admissions. The diagnostic codes for diabetes and 

PAD were excluded from the formation of RCS Charlson score because diabetes status was examined 

as a separate variable and PAD formed part of the inclusion criteria. The secondary care 

administrative records frailty (SCARF) Index21, which is based on the cumulative deficit model of 

frailty and comprises 32 deficits that cover medical comorbidities and functional impairment, was 

used to describe patients’ level of frailty (not frail, mild, moderate or severe). Owing to only a small 

proportion of patients (<6%) categorised as “not frail”, those patients were grouped with the “mild” 

category for the analyses. 

 

The study distinguished between three types of procedure: endovascular (angioplasty/stent), open 

(bypass/endarterectomy), and hybrid procedures where both endovascular and open surgical 

operations were performed on the same day. Procedures were defined as bilateral if the lower limb 
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procedures during the admission of index revascularization involved both legs. The arterial location 

of revascularization procedures was defined as iliac, femoral, popliteal or crural.  

 

Statistical analysis 

Descriptive statistics were used to describe patient and clinical characteristics at the index 

revascularization. Differences between patient groups were analysed using the Chi-square test. 

Patients’ follow-up times were summarized using the reverse Kaplan-Meier estimator22,23. The 

analyses used a simple, Markov multistate model known as illness-death model24,25 to describe the 

disease process and account for the competing risks of amputation and death, and estimate the risks 

of major amputation and death, with or without major amputation24. The model provided an 

integrated framework to describe the illness trajectories (Figure 1) and to estimate the risks of: (1) 

major amputation; (2) death without major amputation; (3) death after major amputation; and (4) 

overall mortality. The model estimates three transition intensities:  

(1) transition hazard h1(t), from revascularization to major amputation;  

(2) transition hazard h2(t), from revascularization to death without major amputation;  

(3) transition hazard h3(t), from major amputation to death.  

 

The relationships between patient characteristics and transition hazards from one state to another 

were modelled using the flexible parametric proportional hazards model26-28 (more details on the 

hazards model can be found in Supplementary Appendix A). The disease trajectories were described 

using the adjusted cumulative risks of major amputation, death without major amputation, death 

after having major amputation, and overall death. The trajectories are presented for patients of 

different ages by admission type recorded at the time of index revascularization. All statistical tests 

were two-sided and a p-value<0.05 was considered statistically significant. All analyses were done 

using Stata® MP 17 (StataCorp, College Station, Texas, USA). Results are presented in accordance 

with the STROBE cohort reporting guidelines29. The checklist is provided in the Supplemental 
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Material. The study involved the secondary analysis of existing pseudonymised data and was 

therefore exempt from institutional review board approval.  

 

RESULTS 

The initial data extract contained records of 98 156 patients with PAD who underwent their first 

(since 1 April 2011) lower limb revascularization procedures between 1 April 2013 and 31 March 

2020. Of these, 3459 (3.5%) were younger than 50 years old at the time of index revascularization 

and were excluded. Another seven patients were excluded owing to missing data on covariates of 

age, sex or deprivation index, which left 94 690 patients for analysis.  

 

Baseline patient characteristics  

Patient characteristics at the time of index revascularization are summarized in Table 1, stratified by 

whether the index revascularization was elective or non-elective. The majority were male (65.6%), 

and the median age was 72 years [interquartile range (IQR) 64-79]. Overall, 39.2% of patients had 

diabetes and more than half (55.5%) of the cohort had at least one Charlson co-morbidity. A third 

(37.7%) of patients were severely frail. Non-elective patients comprised a third (34.8%) of the study 

cohort. Compared with those undergoing elective procedures, patients who had non-elective 

revascularizations tended to be older (% ≥80 years: 33.0% vs 20.1%, p<0.001), were more likely to 

have diabetes (51.8% vs 32.5%, p<0.001) and tissue loss (60.5% vs 18.7%, p<0.001), and were likely 

to be frailer (% moderate/severe: 89.4% vs 61.9%, p<0.001). The proportions of patients with non-

elective and elective revascularization procedures that involved popliteal or crural arteries were 

40.0% and 19.8%, respectively (p<0.001).    

 

Outcome events after revascularization   

The median follow-up time was 4.9 years (IQR 3.0-6.5). At the end of follow-up, 51 658 (54.6%) 

patients were alive without a major amputation, 4119 (4.3%) were alive with major amputation, 
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5345 (5.6%) were dead after major amputation, and 33 568 (35.5%) were dead without a major 

amputation (Figure 1). In total, 9464 (10.0%) patients underwent major amputation during the 

follow-up interval. Of these, two thirds (66.8%) were non-elective patients at the index admission 

and more than half (56.5%) had died by the end of study. Supplementary Table S2 summarises how 

patients moved through different states at specific times after revascularization.  

 

Relationship between patient factors and transition hazards between states  

The regression coefficients of patient factors for each transition process are presented in Figure 2 

and Supplementary Table S3. The side of procedure was not associated with any transition hazard 

and was not included in the regression models. The figure highlights a greater transition hazard 

associated with non-elective revascularizations compared to elective revascularizations with respect 

to major amputation after revascularization (transition 1), and death without major amputation 

(transition 2), after adjusting for other covariates. However, the type of index admission for 

revascularization was no longer associated with the hazard of death from amputation (transition 3). 

Whether a patient had tissue loss at the time of their index revascularization exhibited a similar 

pattern, and was only associated with the transition hazards of major amputation after 

revascularization and death without major amputation. Diabetes was statistically significantly 

associated with an increased hazard in all three transition processes. The location of the 

revascularization was most strongly associated with the hazard of amputation after revascularization 

(transition 1). 

 

There was a negative association between increasing age and the transition hazard from 

revascularization to amputation, with younger patients having a higher hazard than those aged 80 

years and over. Nonetheless, older age was strongly associated with a higher hazard of death after 

both revascularization (transition 2) and major amputation (transition 3). Frailty was more strongly 

associated with the hazard of amputation after revascularization than the RCS Charlson comorbidity 
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score, whereas both factors were associated with a higher hazard of death without amputation 

(transition 2). The RCS Charlson comorbidity calculated at the time of index revascularization was 

more strongly associated with death after major amputation (transition 3) than frailty. 

 

Competing risks of major amputation and death  

Figure 3 presents the trajectories for specific patient subgroups and illustrates how the relationships 

described in the previous section convert into the cumulative probabilities of major amputation and 

death without amputation after the index revascularization. Trajectories are shown for elective and 

non-elective revascularization for patients of different age bands. The other patient characteristics 

were fixed and describe a man with diabetes who was moderately frail but had no other co-

morbidities, and had tissue loss when undergoing endovascular revascularization.  

 

Figure 3 highlights the high risk of major amputation in years after revascularization for non-elective 

admissions among patients aged between 50 and 54, being 18.0% (95% CI 16.0-20.0) and 28.8% 

(95% CI 26.0-31.7) at 1 and 5 years, respectively (Supplementary Table S4). This risk decreased 

among older patients, being 11.9% (95% CI 10.6-13.2) and 17.0% (95% CI 15.4-18.7) for patients 

aged between 80 and 84 at 1 and 5 years. Among patients who underwent an elective 

revascularization, the risk of major amputation remained comparatively low whatever the patients’ 

age. Specifically, the cumulative risk of major amputation at 5 years after revascularization was 

10.8% (95% CI 9.4-12.2) for patients aged 50-54 years, and 6.5% (95% CI 5.7-7.4) for those aged 80-

84 years. However, the risk of death without a major amputation increased substantially among 

older patients after both elective and non-elective revascularizations.  

 

Supplementary Figures S1(a) - (e) illustrate how other patient factors influence the cumulative 

probabilities of major amputation and death without major amputation after revascularization for 

elective and non-elective patients.  
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Risk of death after major amputation 

The illness-death model enabled the association between the risk of death after major amputation 

and the time from revascularization to major amputation to be explored, in addition to the impact of 

patient characteristics. The estimated relationship is illustrated in Figure 4 and Supplementary Figure 

S2. Specifically, Figure 4 shows how the 1-year mortality rate after major amputation changes with 

the time from revascularization to major amputation across different age groups. Patients who 

underwent major amputation within a year of revascularization had a significantly increased 1-year 

mortality rate, particularly for those who underwent major amputation within the first 6 months. For 

patients aged 80-84 years at revascularization, the adjusted 1-year mortality rates after major 

amputation were 39.2% (95% CI 35.1-43.2) and 29.8% (95% CI 26.5-33.1) for those who underwent 

major amputation at 3 months and 1 year after revascularization, respectively. For patients aged 50-

54 years, the corresponding 1-year mortality rates were 20.3% (95% CI 17.3-23.2) and 14.9% (95% CI 

12.6-17.2), respectively. The cumulative probabilities of death after major amputation in relation to 

some specific times to major amputation is presented in Supplementary Figure S2 for a selection of 

patient subgroups. 

 

Cumulative incidence of overall mortality 

The adjusted risks of overall mortality after elective and non-elective revascularization for patients 

of different ages are summarised in Figure 5. It also shows the relative contributions of death after 

amputation and death without amputation. For both elective and non-elective revascularizations, 

deaths following amputation contribute a small proportion to overall mortality. Its relative 

contribution was largest in patients aged 50-54 years who had a non-elective revascularization. For 

this age-group, the adjusted overall mortality rate at 5 years after the index revascularization was 

27.4% (95% CI 25.0-29.8), of which 38.7% was contributed from the mortality after having a major 
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amputation.  In contrast, the adjusted overall 5-year mortality rate was 69.9% (95% CI 67.9-71.9) for 

those aged 80-84 years, of which 15.7% was contributed by mortality after amputation.  

 

Mortality after major amputation contributed only marginally to the overall mortality for patients 

who had elective revascularization. This was because these patients had a lower risk of major 

amputation. Nonetheless, the risks of death after amputation were similar between patients who 

had non-elective and elective revascularizations. Supplementary Figure S3 depicts the 

comprehensive trajectories of state occupation probabilities after revascularization. Supplementary 

Figures S4 (a) – (e) illustrate how other patient factors influenced the adjusted overall mortality after 

the index revascularization for elective and non-elective patients. 

 

DISCUSSION 

Improving outcomes for patients with PAD requires a better understanding of how the disease 

progresses, and how this is associated with patient characteristics. This study used an integrated 

approach (applied in other diseases 30-33) to investigate the illness trajectories after revascularization 

and describe rates of progression to major amputation and death, appropriately accounting for 

competing risks. Benefits of this approach include being able to estimate how the rate of mortality 

after major amputation contributed to overall mortality for patients with different characteristics, 

and explore the relationship between the time from revascularization to amputation and the risk of 

death after amputation.  

 

Our findings highlight various factors related to illness trajectories. An important theme was the 

poor prognosis of patients with PAD admitted non-electively for revascularization. The majority of 

patients who have a non-elective revascularization are believed to be admitted with chronic limb-

threatening ischaemia (CLTI)34,35. Various studies have highlighted the poor outcomes experienced 

by these patients3-5. For example, a population-based study in the UK by Howard et al.36 reported an 
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amputation-free survival rate at 5 years of 27.1% for patients with CLTI. Although this study could 

not explicitly label patients with CLTI (due to the limitations of ICD-10 diagnostic codes used in 

HES37), we note the estimated rate of amputation-free survival at 5 years was similar and at 28.3% 

for non-elective patients (Supplementary Table S2). Indeed, at 5 years after the index 

revascularization the overall mortality rate was 64.3%, where 51.8% was contributed to by the 

mortality without major amputation and 12.5% was by the mortality after major amputation. A 

Dutch national registry study38 reported an all-cause mortality rate of 57% at 5 years in patients with 

CLTI. Birmpili et al.39 estimated a mortality of 49.4% (without major amputation) at 5 years after 

minor amputation. A greater mortality rate was reported for patients who underwent non-elective 

revascularization. It could suggest room to improve patient selection for revascularization and some 

patients might be better managed with primary amputation or conservative treatment40.        

 

The study highlights how the association between the illness trajectories and patient characteristics 

is not straightforward, as illustrated by the estimated transition hazards. While older patient age at 

revascularization was associated with a marked increased risk of all-cause mortality, the risk of 

major amputation after revascularization was lower for older patients than younger patients. Such 

findings were also reported by Kim et al.18,41. Using HES data, McCaslin et al.42 noted a marked 

decline of amputations in England among patients aged over 75 years from the mid-1990s. Birmpili 

et al.39 also suggested an increased risk of major amputation among younger patients than older 

patients after undergoing a minor amputation with diabetics and/or PAD. However, some studies 

found the opposite relationship6,43. The reasons for this are unclear but it might reflect the use of the 

standard Kaplan-Meier approach which fails to account for the competing risk of death. Older 

patients had a high risk of all-cause mortality after revascularization, and this could distort the 

estimated association between age and the risk of major amputation. Our study has appropriately 

accounted for the competing risk of death when evaluating patients’ risk of major amputation. The 

results may also reflect that a greater proportion of younger patients have insulin-dependent 
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diabetes, are current smokers or may have renal impairment, factors which are associated with 

accelerated atherosclerosis leading to early presentations of severe forms of PAD and progression to 

limb loss18,41. Additionally, older patients with PAD could be more likely to be managed 

conservatively than younger patients, owing to a higher risk of all-cause mortality and the likelihood 

of being too frail to undergo a major amputation after revascularization.   

 

As with other studies44,45, the current study demonstrated a strong association between 

neighborhood deprivation and the rate of major amputation, whereas its association with mortality 

was more moderate. Further work is warranted to explore whether this association reflects an 

inequality of access to vascular services in patients with PAD, and whether reducing the rate of 

major amputation in the most deprived areas could subsequently improve overall survival. A 

diagnosis of diabetes was associated with increased risks of major amputation and death after 

revascularization. However, after adjusting for other patient characteristics, its effect was moderate 

compared with the effect sizes for patient comorbidities and frailty. Patients’ comorbidities were 

strongly associated with both death without amputation and death after amputation, but had only a 

small effect on the risk of major amputation after revascularization. In contrast, patient frailty was 

strongly associated with each transition hazard between the health states.   

 

A feature of this study was an exploration of the relationship between the time to major amputation 

and the risk of mortality thereafter. Patients had a significantly increased risk of mortality in the next 

few years if they underwent a major amputation within six months after the index revascularization, 

compared to those who had a major amputation after six months. Further research is required to 

explore whether these patients could be better served with a primary amputation or non-operative 

management in the first place40.  
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The main strength of this study is the novel use of the illness-death model to make inferences for the 

illness trajectories of major amputation and death after revascularization in patients with PAD. This 

approach appropriately accounted for competing risks for making inferences on both major 

amputation and death after revascularization. Inferences on mortality after amputation were 

provided as well. Additionally, recent nation-wide, long-term follow-up data were used in this study 

to provide real world evidence with current revascularization techniques on the outcomes of 

patients with PAD.  

 

The study has several potential limitations. Firstly, repeated revascularizations after the index 

procedure might indicate a worse disease trajectory in patients with PAD. However, for simplicity, it 

did not form part of the multistate model. Secondly, the limitations of ICD-10 diagnostic codes used 

in HES meant that the severity of PAD was not classified using a standard scale such as the Fontaine 

score. Severity of disease was categorised simply based on presentation with / without tissue loss, 

and whether or not a patient had a non-elective or elective revascularization. Also, the ICD-10 

diagnostic codes used in HES could not properly identify revascularizations because of acute limb 

ischaemia37. Such patients could constitute a small proportion of the study cohort. Thirdly, the 

laterality of disease was not taken into account, therefore a subsequent major amputation may have 

occurred on either limb. Fourthly, the study indicated that the location of PAD might be associated 

with an increased risk of major amputation. However, the HES APC database only captures the 

location of revascularization procedures which gives an approximate location of PAD. Finally, there is 

a risk of residual confounding due to unmeasured confounding variables, for example, patients’ 

medication usage and smoking status, which are not available in HES. Ethnicity was not accounted 

for in this study due to the uncertain reliability of ethnicity data collected in HES. These may partly 

explain why the admission mode for revascularization remained a strongly significant factor after 

adjusting for patient and clinical characteristics.   
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CONCLUSIONS 

The illness-death model provides an integrated framework to understand patient outcomes after 

lower limb revascularization for PAD, appropriately accounting for competing risks, and highlights 

the range of trajectories experienced by different patient subgroups. Although mortality increases 

with age, the risk of major amputation decreases. Younger patients aged 60 under had a significantly 

increased risk of major amputation after non-elective revascularizations. More than two thirds of 

major amputations performed in patients who previously had revascularization were after non-

elective revascularizations, and mainly occurred within 6 months after the index revascularization. 

The cumulative incidence of major amputation was generally high at 5 years among those with 

severe forms of PAD and undergoing non-elective revascularization. However, more than half of 

these patients could have died within 5 years after the major amputation. The relative contribution 

of death with major amputation to overall mortality varied with the age at index revascularization, 

owing to the varying risks of major amputation for patients at different age bands. This study 

provides important evidence with clinical and policy implications. Precise treatment plans could be 

developed based on the findings of this study to help improve patient outcomes.  
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Table 1. Baseline patient characteristics on admission for the index revascularization 

Participants, n (%) 
Elective 

(61 783, 65.2%) 
Non-elective 

(32 907, 34.8%) 
Total 

(94 690) 

Male 41 094 (66.5) 21 036 (63.9) 62 130 (65.6) 
Age (years)    
    50-59 9852 (15.9) 3857 (11.7) 13 709 (14.5) 
    60-69 18 882 (30.6) 7684 (23.4) 26 566 (28.1) 
    70-79 20 654 (33.4) 10 510 (31.9) 31 164 (32.9) 
    80-89 10 852 (17.6) 9033 (27.5) 19 885 (21.0) 
    90+ 1543 (2.5) 1823 (5.5) 3366 (3.6) 
Deprivation quintile    

    Q1 (least deprived) 10 323 (16.7) 4864 (14.8) 15 187 (16.0) 
    Q2 11 551 (18.7) 5922 (18.0) 17 473 (18.5) 
    Q3 12 532 (20.3) 6576 (20.0) 19 108 (20.2) 
    Q4 12 947 (21.0) 7135 (21.7) 20 082 (21.2) 
    Q5 (most deprived) 14 430 (23.4) 8410 (25.6) 22 840 (24.1) 
Diabetes mellitus 20 099 (32.5) 17 058 (51.8) 37 157 (39.2) 
RCS Charlson score (diabetes not included)   

    0 31 732 (51.4) 10 422 (31.7) 42 154 (44.5) 
    1 18 651 (30.2) 10 028 (30.5) 28 679 (30.3) 
    2 7441 (12.0) 6589 (20.0) 14 030 (14.8) 
    3+ 3959 (6.4) 5868 (17.8) 9827 (10.4) 
Scarf frailty index    

    Mild 23 572 (38.2) 3474 (10.6) 27 046 (28.6) 
    Moderate 22 410 (36.3) 9582 (29.1) 31 992 (33.8) 
    Severe 15 801 (25.6) 19 851 (60.3) 35 652 (37.7) 
PAD with record of tissue loss 11 543 (18.7) 19 920 (60.5) 31 463 (33.2) 
Procedure localization (most distal) 
    Illiac 16 740 (27.1) 3566 (10.8) 20 305 (21.4) 
    Femoral 32 819 (53.1) 16 190 (49.2) 49 009 (51.8) 
    Popliteal 7321 (11.8) 6200 (18.8) 13 521 (14.3) 
    Crural 4903 (7.9) 6952 (21.1) 11 855 (12.5) 
Procedure type    

    Endovascular 47 170 (76.3) 22 817 (69.3) 69 987 (73.9) 
    Open 10 992 (17.8) 8055 (24.5) 19 047 (20.1) 
    Hybrid 3621 (5.9) 2035 (6.2) 5656 (6.0) 
Procedure sideⱡ  
    Bilateral 9872 (16.4) 3214 (10.3) 13 086 (14.3) 
    Right 24 666 (41.1) 13 995 (44.7) 38 661 (42.3) 
    Left  25 498 (42.5) 14 129 (45.1) 39 627 (43.4) 
Financial year    

   2013-2014 11 147 (18.0) 5139 (15.6) 16 286 (17.2) 
   2014-2015 9834 (15.9) 4752 (14.4) 14 586 (15.4) 
   2015-2016 9205 (14.9) 4719 (14.3) 13 924 (14.7) 
    2016-2017 8681 (14.1) 4570 (13.9) 13 251 (14.0) 
    2017-2018 8198 (13.3) 4649 (14.1) 12 847 (13.6) 
    2018-2019 7801 (12.6) 4556 (13.8) 12 357 (13.0) 
    2019-2020 6917 (11.2) 4522 (13.7) 11 439 (12.1) 

Financial year runs from 1 April to 31 March the following year. RCS, Royal College of Surgeons; PAD, 
peripheral artery disease. ⱡThere were 3316 (3.5%) patients with side information missing. 
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Figure 1: Graphical representation of the illness-death model in relation to the disease progression 

for peripheral artery disease after the first revascularization procedure. A total of 94 690 patients 

who had undergone revascularization between 1 April 2013 and31 March 2020 entered the model. 

A total of four states are included: 1) alive without major amputation, 2) alive with major 

amputation, 3) dead after major amputation, and 4) dead without major amputation. Patients 

entered study right after revascularization and were all at state 1 initially. The number within each 

state box indicates the number of patients in that state at the end of follow-up, followed by 

percentage over total number of patients. Arrows indicate transitions from one state to another, h(t) 

next to the arrows indicates the corresponding transition process. The number next to the arrow 

from state 1 to state 2 indicates the number of patients undergoing major amputation, followed by 

percentage over the total number of patients. 
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Figure 2. Adjusted hazard ratios for outcomes with respect to three transition processes: Transit 1, 
from revascularization to major amputation; Transit 2, from revascularization to death (with major 
amputation); Transit 3, from major amputation to death. The patient factors were covariates 
included in the multivariable regression models of transition intensities. Revasc, revascularization; 
Amp, major amputation; RCS, Royal College of Surgeons; PAD, peripheral artery disease.  
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Figure 3. Competing risks of major amputation and mortality (without major amputation) after the 
index revascularization for elective and non-elective patients. The light grey area represents 
cumulative incidence of death without major amputation; the dark grey area represents cumulative 
incidence of major amputation; the white area in the middle represents the probability of a patient 
remaining alive and without a major amputation. Values of other adjusted covariates are: male, Q3 
deprivation index, with diabetes, with a record of tissue loss, RCS Charlson score 0, moderate frailty, 
femoral procedure distal localization, and endovascular procedure. 
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Figure 4. Dynamic risks of mortality at 1 year after major amputation, varying with the time at which 
patients underwent major amputation after revascularization. Values of other adjusted covariates 
are: male, Q3 deprivation index, with diabetes, RCS Charlson score 2, moderate frailty, with a 
records of tissue loss, femoral procedure distal localization, and endovascular procedure.   
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Figure 5. Probability of all-cause death for patients admitted electively and non-electively for the 
index revascularization. The light grey area represents cumulative probability of death without a 
major amputation; the dark grey area represents cumulative probability of death with major 
amputations. Values of other adjusted covariates are: male, Q3 deprivation index, with diabetes, 
with a record of tissue loss, RCS Charlson score 0, moderate frailty, femoral procedure distal 
localization, and endovascular procedure.  

 

 


