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Abstract 

Background: Major lower limb amputation is associated with high morbidity and mortality, 

particularly among patients with diabetes. Previous studies suggest variable mortality rates, 

but none have investigated the impact of diabetes in Wales. 

Methods: A population-based cohort study was conducted using anonymised data from the 

Secure Anonymised Information Linkage Databank. Survival from all incident major 

amputations in persons ≥18 years from 2006–2013 in Wales was assessed over 5-year 

follow-up. Kaplan-Meier survival curves and Cox regression models, stratified by amputation 

level, were used to examine the time-dependent effect of diabetes on mortality while 

adjusting for confounding factors. 

Results: 2542 individuals underwent major amputation, 48.4% had diabetes. Mortality at 30 

days was 9.2% and 61.9% within 5 years. Patients with diabetes had higher 5-year mortality 

(67.0%) compared to those without diabetes (57.1%). Diabetes was associated with an 

increased risk of long-term mortality (hazard ratio 1.62, p<0.001), but a reduced risk of 

death in the first 30 days post-amputation. A history of peripheral vascular disease and 

above-knee amputation were strong predictors of mortality. 

Conclusion: Time-stratified analysis demonstrates lower short-term but higher long-term 

mortality risk for persons with diabetes following major amputation. Further research is 

required to explore interventions aimed at improving survival. 
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Introduction 

Current literature on morbidity and mortality related to major lower limb amputations 

demonstrate exceptionally poor outcomes. In hospital mortality for major amputation is 

reported to be as high as 8.3% [1] and 5-year mortality reported to be between 53% and 80% 

[2]. There is evidence that outcomes following major amputation are worse in persons with 

diabetes. In England, the median survival after amputation of any cause has been reported to 

be 20 months shorter in persons with diabetes compared to the population without [3]. 

However, the influence of diabetes on survival after major amputation in the current 

literature is contentious. Several studies examining mortality following major amputation 

report no associated increased risk of death with a history of diabetes [1,4], and some 
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demonstrate equivocal [5,6,7] or reduced risk [8,9] on mortality in the short-term but an 

increased risk of mortality in the long-term. However, methods used to analyse the effect of 

diabetes are varied and many of these studies are not stratified by time or population base. 

No recent study has investigated the effect of diabetes on mortality over time in a large 

population, with the last in a German population looking at the period until 2007. Advances 

in diabetes and arterial disease management, post operative care and rehabilitation may 

mean that mortality rates and the effect of diabetes on mortality in the literature may not 

reflect the current landscape.   

A high mortality rate is to be expected, as the population undergoing amputation are often 

frail, multi-morbid, and because a low predicted life expectancy can be used as an indication 

for major amputation by operating physicians when management is being considered [2]. 

However, even with acceptance of considerable expected mortality there is variance in 

reported mortality rates between geographic locations [10, 4, 11]. Direct comparison of 

mortality rates following amputation can be difficult due to differences in population, 

amputation definitions and reporting, and at present there has been no data published about 

amputation related mortality in the population with or without diabetes in Wales. With 

variability in mortality between populations previously reported, and as there is no recent 

literature reflective of the effect of diabetes on mortality, it is also important to investigate 

mortality within Wales. The aims of this study were to: (i) Determine the 30 day, 1-year and 

5-year mortality rates following incident major amputation in the Welsh diabetes and non-

diabetes population between 2006-2013. (ii) Explore the time dependent impact of diabetes 

on mortality rate while controlling for other risk factors for death. (iii) Describe the main 
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causes of death for the diabetes and non-diabetes population in those people who have 

undergone amputation.  

Methods 

1.1 Ethical approval 

Approval for the use of anonymised data in this study, provisioned within the Secure 

Anonymised Information Linkage (SAIL) Databank was granted by an independent 

Information Governance Review Panel (IGRP) under project 0716. The IGRP has a 

membership comprised of senior representatives from the British Medical Association (BMA), 

the National Research Ethics Service (NRES), Public Health Wales and Digital Health and Care 

Wales (DHCW). The SAIL Databank follows the General Data Protection Regulations (GDPR) 

and is UK Data Protection Act compliant. 

1.2 Study population and data assessment  

As described in previous publication from the research group, data were extracted from SAIL, 

a repository of routine medical data primarily focused on the residents of, or people receiving 

services in Wales from primary, secondary and outpatient settings [12]. Description of the 

maintenance of data within SAIL and datasets used are described in detail in a previous 

publication [12]. Patient Episode Database for Wales (PEDW) within SAIL was used to identify 

major amputations, defined as amputation above the ankle [13], using relevant classification 

of Office of Population, Census and Surveys interventions and procedures version 4 (OPCS4) 

codes (OPCS4 codes: X09:X095, X098, X099) [13].  All incident major amputations in persons 

aged over 17 years between 2006-2013 were identified. Amputations were defined as incident 
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if no record of amputation was found within the 5 years prior to the amputation of interest 

[14].  All amputations were included in the analysis, regardless of cause in line with other 

national papers and Public Health England (PHE) analysis [15, 16, 17]. The index date of entry 

into the study was the date of incident major amputation during the study period. All incident 

major amputations between 2006-2013 were assessed and subjects followed until 2018-12-

31 to give a minimum 5-year observation following amputation.  

People with diabetes were identified using an established algorithm [18,19] utilising linked 

data from several clinical sources. People were considered to have diabetes from first 

registration of diabetes and those with gestational diabetes were excluded unless subsequent 

development of another diabetes type occurred. 

1.3 Data collection and analysis  

The primary variable of interest was time to death from date of incident amputation. This 

date was classified as the index date. The date of death was taken from Office of national 

statistics (ONS) Annual district death extract (ADDE). The ONS ADDE provides the date of 

death as recorded on the death certificate for all registered deaths in Wales, along with the 

recorded cause of death including underlying cause of death. Time to death, in months, was 

calculated from index date to date of death. Records were censored at date of death or at the 

end of the follow-up period (31-12-2018) whichever occurred first.  

Different socio-demographic factors and comorbidities that could reliably be sampled from 

hospital records were investigated as potential confounding factors. The factors included 

have been demonstrated to be associated with mortality in people with diabetes or 

associated with amputation within the diabetes and non-diabetes populations [20,21]. 
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Independent characteristic variables included;- age at amputation, gender, Welsh Index of 

multiple deprivation (WIMD) quintile and health board at admission. Age was categorised 

into the age groups <65years, 65-75 years, 75-85 years and 85+ years as previous studies have 

demonstrated that mortality risk begins to increase in the population above the age of 65 

years [22,23]. Primary medical risk factors were selected as they were previously identified 

to be associated with the most frequent causes of death in the diabetes and peripheral 

vascular disease (PVD) populations. Medical comorbidities included were:- Charlson 

comorbidity index, a history of limb salvage procedures, hypertension (HTN), end stage renal 

disease (ESRD), myocardial infarction (MI), cerebrovascular accident (CVA), congestive 

cardiac failure (CCF) and PVD. Surgical history included amputation level; determined as 

above knee amputation (AKA) or below knee amputation (BKA), and previous limb salvage 

attempt. The updated Royal College of Surgeons (RCS) Charlson score [24] is a marker of 

general frailty. Codes pertaining to diabetes were not used in the score in this study as this 

was the variable defining the population not a co-morbidity. HIV/AIDS status is considered 

sensitive information and therefore diagnosis codes were not available within the data set 

and were not included in the analysis. IDC10 codes for comorbidities within the index were 

identified from PEDW data up to one year prior to the index date and from the index 

admission (Appendix 1).  Information about the rational, International Classification of 

Diseases, Tenth Revision (ICD-10) codes and the look back period for each variable can be 

found in appendix 1. 

A person’s health board at entry into the study was derived from their registered home 

address at time of admission using 2011 lower super output areas (LSOA) unitary authorities. 

WIMD was derived from LSOA information derived from the patient’s home address. [25]. 
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The WIMD score was split into quintiles from the most to the least deprived groups. Cause of 

death is presented from codes in the ADDE of the underlying cause of death in each case.  

1.4 Statistical Analysis  

All analysis was undertaken in R (R version 3.6.1 2019) and figures were produced using the 

package ggplot2 [26]. For comparison of baseline variables between groups chi- squared and 

rank biserial correlation were used for categorical variables and the student t-test and Mann-

Whitney U test for normally and non-normally distributed continuous variables respectively. 

For all analyses, a p ≤0.05 was considered statistically significant. Characteristics of patients 

that died at 30 days, 1 year and 5 years were compared to those that survived at 5 years using 

chi-squared tests for categorical variables and t-test for continuous variables. Missing data 

was not imputed, the numbers included in analysis are noted throughout.  

Survival was assessed with Kaplan-Meier curves and stratified log-rank tests were used to 

analyse differences in survival associated with independent variables. Crude differences 

between the diabetes and non-diabetes population for major amputation violated the 

proportional hazard assumption as the survival curves crossed, therefore, proportional 

hazards could not be assumed [27]. This was confirmed using the Schoenfeld test for 

proportional hazards. To allow for this, Cox regression with a step function was performed 

using discrete time intervals to model the time dependency of diabetes whilst assessing for 

other predictors of death in the population.  

In all models, death was the primary outcome and diabetes was the primary exposure 

variable. Hazard ratios are presented individually for all variables with respect to mortality 

and then adjusted within each model. The first model included diabetes interaction with 
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discrete time intervals (30 and 60 days, 6 months, and 1-, 2-, 3-, and 5 years), age and gender. 

The second model included Charlson index and surgical history, the third included medical 

risk factors for death and the fourth included geographical variance and socioeconomic 

deprivation.  

Results 

Of the 2542 individuals who underwent incident major amputation between 2006-2013, 

67.7% were men (n=1720), the mean age at amputation was 69 ±14.2 years and there was an 

even split of amputation level between AKA and BKA (AKA:BKA 49.3:50.7%) (Table 1). 

Marginally, more amputations were performed in patients without diabetes (51.6%). A 

greater proportion of the population with diabetes were men and were more likely to have 

undergone a BKA, have a history of HTN, ESRD, MI, CCF and PVD compared to the population 

without diabetes. Despite a higher rate of PVD they did not have a significantly greater history 

of a prior limb salvage procedure (diabetes 433 (35.2%): non-diabetes 432 (33.0%), p=0.24). 

When examining the population with PVD in isolation, a higher percentage of persons in the 

non-diabetes population underwent a revascularisation procedure (diabetes 41.1%: non 

diabetes 44.0%) but this difference was not statistically significant. Persons with diabetes 

were also significantly more likely to have undergone more than 1 major amputation within 

the study period.  

Overall, 1934 (76.1%) people died over the follow-up period, 235 (9.2%) within 30 days, 817 

(32.1%) within 1 year and 1573 (61.9%) within 5 years. Of those who died, 52.5% (n=1015) 

had a diagnosis of diabetes. The median survival time was 36.5 [IQR 35.9-39.0] months (Table 

2). People undergoing AKA had a significantly shorter survival time of 23.2 [19.6-27.8] months 
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compared to those undergoing BKA (52.2 [47.4-58.4] months, p<0.001) (Figure 1). Significant 

differences in survival time were seen by gender, age, and when amputation level was 

stratified by age. The greatest difference in survival time between AKA and BKA was seen in 

those under 65 years of age at time of amputation. Persons in the under 65 years age group 

who required an AKA had a 31.5 months shorter average survival time compared to those 

that underwent a BKA (BKA 101.1 [84.2-121] months: AKA 69.9 [46.2-87.4] months).  

Figure 2 shows the Kaplan-Meier curves demonstrating the difference in survival following 

amputation stratified by diabetes diagnosis. The population without diabetes had a median 

survival of 43.8 [37.3-48.0] months, over 10 months longer than those with diabetes (31.3 

months [29.0-35.7]). In the first 30 days a smaller percentage of people with diabetes died 

(7.9%). This trend then reversed just prior to 1-year following amputation where the survival 

curves for the two populations crossed. At five years a greater proportion of the population 

with diabetes had died. The relative mortality risk associated with diabetes in univariate 

analysis was time dependent with greater survival for those with diabetes for the first year 

after major amputation. There was no difference in mortality at 365 days, with a mortality of 

32% in both populations.  

The results of all unadjusted and final Cox regression analysis models are shown in Table 3. In 

the unadjusted model there was a significant relative mortality risk associated with diabetes 

in all time periods except for between 31 days and 6 months. The risk of mortality associated 

with diabetes was highest at 3-5 years following amputation with a hazard ratio of 1.62 [95% 

Confidence interval 1.29-2.02] after having a reduced risk with a hazard ratio of 0.72 [0.58-

0.97] in the initial 0-30 days. The most parsimonious model for incident major amputation 

was model 3 which included diabetes status, gender, Charlson index, surgical history, and the 
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other medical risk factors. In the fully adjusted model the hazard ratios associated with 

diabetes were as in the univariate analysis; an increased risk of mortality seen after the first 

6 month following amputation. The reduction of risk of mortality associated with diabetes in 

the time period between 0 and 30 days remained statistically significant; HR 0-30 days: 0.74 

[0.57-0.96]. There was no association between diabetes and mortality in the time period 

between 30 days and 6 months after amputation. Increasing age remained significantly 

associated with an increase in the risk of mortality (HR 1.04 [1.03-1.04] per year), as did 

increasing Charlson index score (score 1, 1.39 [1.25- 1.55]; 2, 1.76 [1.50-2.07]; 3+, 2.30[1.66-

3.18]), a history of ESRD (2.35[1.92-2.87]), MI (1.21[1.07-1.37]), CCF (1.17[1.03-1.32]) and 

PVD (1.42[1.24-1.63]) and requiring an AKA versus a BKA (1.24[1.13-1.37]). The only variable 

associated with a reduced risk of mortality was a history of a limb salvage procedure within 

the 2 years prior to LEA admission; associated with a reduction in risk of mortality with a 

hazard ratio of 0.83 [0.76- 0.92].  

When the analysis was stratified by level of amputation, diabetes was not shown to be 

significantly associated with an increased risk of mortality after AKA in any time period. There 

was a trend towards an increased risk of mortality over time but this was not statistically 

significant. All other independent variables that had associations with mortality in the 

unstratified analysis remained significant apart from history of MI. Again, a history of limb 

salvage procedure was the only variable associated with a reduction in the risk of mortality 

(HR 0.85 [0.74-0.97]). For BKA there was an association between diabetes and mortality. 

There was a statistically significant reduction in the risk of mortality for the population with 

diabetes in the time period between 0 and 30 days (HR 0.61 [0.38-0.99]). There was an 

increased risk of mortality seen for the time periods over 1 year, with the greatest risk of 
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mortality associated with diabetes seen between 3 to 5 years (HR 1.73 [1.24-2.43]). All other 

independent variables that had associations with mortality in the unstratified analysis 

remained significant apart from history of CCF. A history of a prior limb salvage procedure 

again was the only variable associated with a reduction in risk of mortality (HR of 0.81 [0.70-

0.93]). Increasing WIMD quintile was associated a decreasing risk of mortality when 

controlling for other variables. Compared to the most deprived quintile, patients in the least 

deprived quintile (WIMD quintile 5) were 21% less likely to die at any time point within the 

follow up period (HR 0.79 [0.63-0.99]). 

For the population with diabetes the leading cause of death as reported following major 

amputation was coronary heart disease (n=269, 26.5%). The second leading cause of death 

for the population was recorded as ‘diabetes mellitus’ (n=189, 18.6%) and the third cause was 

‘other circulatory causes’, recorded for 10% (n=102) of patients. For this population the main 

disease within the ‘other circulatory causes’ category was PVD (n=33) recorded for 32.4% of 

the deaths. For the population without diabetes the leading cause of death following major 

amputation was other circulatory causes (n=236, 25.7%). The majority of deaths were 

attributed to PVD, recorded as the underlying cause in 175 cases, 74.2% of the deaths in the 

other circulatory cause category and 19% of all deaths. PVD was recorded for more deaths 

than the secondary leading cause of death, coronary heart disease, resulting in 131 deaths 

(14.3%).  

Discussion  

This population-based study examined mortality following incident amputation in the Welsh 

population between 2006-2013 with a minimum 5-year follow-up period. The analysis was 
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stratified by amputation level with the main focus to examine the effect of diabetes as a 

predictor of mortality. This is the first study investigating mortality following incident 

amputation secondary to diabetes within the Welsh population.  

As expected, the mortality following major amputation was high. The mortality rate was 

61.9% at 5 years in the total population and 67% in the population with diabetes. Direct 

comparison of mortality rates following amputation can be difficult due to differences in 

population, amputations definition and reporting. However, the findings were congruent with 

a global systematic review of mortality following amputation [2] where an estimated 5-year 

mortality rate post major amputation of between 52% and 80% was reported. 

A mortality rate of 9.2% at 30 days highlights the frailty of the study population. This finding 

was comparable with an estimated mortality rate of 10% presented in studies from other 

western populations [8, 28, 29] and lower than that seen in Scandinavian studies with a 

reported rate of between 19-30% [4, 30, 31]. Differences in health service provision and 

clinical decision making may explain some of this variation. It is suggested that in Scandinavian 

populations major amputation is utilised more frequently within a palliative setting for pain 

relief in critical limb ischaemia than within the UK [2].  

The main dependant variable of interest within the study was the effect of diabetes status on 

mortality risk over time. When controlling for other variables in the first time period after 

incident major amputation, mortality was lower in the population with diabetes compared to 

those without. Subsequently, this risk reversed and at 1 year the mortality risk for persons 

with diabetes was significantly increased compared to those without. The influence of 

diabetes on survival after major amputation has previously been described as time 
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dependent, with diabetes showing a similar [5,6,7] or reduced risk [8,9] of mortality in the 

short-term but an increased risk of mortality in the long-term. It has been postulated that the 

initial decrease in mortality risk is due to a greater frequency of monitoring by multiple 

specialists over the initial period. As demonstrated in this study, the population with diabetes 

often have a greater number of co- morbid conditions [8]. However, it would be expected 

that as the population with diabetes have a greater number of co-morbidities, they would be 

frailer at the time of procedure and the burden of the operation would be greater, increasing 

the risk of post- operative mortality [32]. This is suggestive that the decreased risk of mortality 

in the initial time period is in relation to care provision rather than due to patient 

characteristics. People with diabetes are more likely to undergo BKA due to the pattern of 

vascular involvement in PVD in diabetes [33]. This was demonstrated in this population with 

BKA occurring as the incident major amputation in 61.7% of the population with diabetes and 

only 40.4% in the population without. Patients who undergo BKA are often younger, as was 

found in this study, and have been shown to have a longer survival than those undergoing 

AKA [7] which could explain some of the short term variance in survival for the population 

with diabetes in the unadjusted model. However, this variance held true after adjusting for 

amputation level. It is also possible that death was a competing risk factor and more patients 

with diabetes and disease severe enough to require major amputation may have been 

palliated or died prior to procedure. This is an area that requires further research.  

There is some disagreement within the literature regarding mortality within the population 

with diabetes. Several studies examining mortality following major amputation reported no 

associated increased risk of death with a history of diabetes [2]. The majority of these studies 

were not stratified by time and were not population based. Icks et al, reported similar findings 
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of an intial decreased risk of mortality and subsequent increase [8] in their time-stratified 

study of the German population between 2004-2007. The trend was again reflected in the 

findings of Subaramaniam et al [7] in an American population. Other authors found no 

association with diabetes and mortality in time-stratified analysis, but the methods used for 

assessing time-trend varied. Fortington et al [4] used logistic regression to compare the 

characteristics of those who died with those who did not at different time points rather than 

utilising a time dependent analysis which may explain some of the variance in findings, along 

with variance in study populations and definitions of amputation. 

When the analysis was stratified for level, the effect of diabetes on the risk of death was only 

significant for BKA. For those patients undergoing AKA there was no significant difference in 

mortality risk associated with diabetes during any follow-up period. There is no other 

stratified analysis in the literature to compare with, but these findings suggest that these 

procedures occur in the most morbid patients in both populations, mitigating the effect of 

diabetes. The highest level of amputation is chosen as the priority for the procedure is post-

operative wound healing reducing the risk of further procedure [34]. When the results were 

stratified by age and amputation level, survival time was considerably shorter for all age 

categories in both populations with and without diabetes undergoing AKA, again suggesting 

that these individuals are frailer at the time of procedure.  

A history of PVD increased the risk of post-operative mortality. For those undergoing incident 

major amputation, 80% of patients had a history of PVD. Despite this, only 34% had 

undergone a limb salvage procedure in the two years prior to amputation and the percentage 

of patients undergoing a limb salvage procedure in the diabetes population compared to the 

number of patients with PVD in the non-diabetes population was even lower. This is 
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concerning as a history of limb salvage procedure was the only factor associated with a 

reduced the risk of mortality in this analysis. Patients undergoing limb revascularization will 

have had access to secondary care services prior to the requirement for amputation and are 

often more often optimized regarding medical therapy, which partly may explain this finding. 

NICE guidance [35] recommends attempting limb salvage procedures prior to amputation for 

PVD when possible, therefore the number of procedures performed within this population 

seems low. This may reflect that many patients were admitted with critical limb ischaemia 

without revascularisation option. People with diabetes are more likely to have asymptomatic 

PVD [36] and thresholds for limb salvage procedures may not be met as readily as the 

diagnosis is often dependent on rest pain [35] which may explain the lower number of 

procedures performed.  This was not evaluated within this study.  

The main strength of the study was that it was a population analysis; not only had this 

population not been investigated before, it is one of the few studies of amputation mortality 

that has examined an entire population. The long study period, with a minimum of 5-year 

follow-up for all persons allowed a large sample size to be maintained to the end analysis 

point of 5-year mortality. As the data were analysed in SAIL, it was also possible to assess 

cause of death from the national ADDE, which had not previously been reviewed in other 

studies.  

Several limitations must be considered. As with any analysis using hospital data, the findings 

are only as reliable as the coding. Although smoking status was available for some patients 

through PEDW data this coding has been shown to be unreliable. For a subset of patients, it 

was possible to assess smoking status more reliably using GP records but as there is not full 

GP coverage for the entire Welsh population within SAIL, these data could not be used in the 
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entire population analysis. This was also true of other clinical variables such as HbA1c, 

cholesterol or a history of ulceration prior to amputation. These variables would have helped 

to further assess disease severity and may have increased the predictive value of the Cox 

regression models.  

As discussed in the methodology a decision was made to include all amputation types. This is 

in line with other national studies and PHE analysis [15, 16, 17] as diabetes is associated with 

an increase in the incidence of [37, 38] and association with poorer outcomes of traumatic 

lower limb injuries [39]. As well as an increase in the incidence of [40] and association with 

poorer outcomes such as mortality of soft tissue and bone cancers such as sarcoma [41]. 

However, despite the incidence of these amputations contributing a small percentage to the 

overall burden of amputation in similar populations [34, 38,42], as there is variance in the 

pathogenesis and prognosis of these amputations this will affect the generalisability of the 

study. 

Diabetes was associated with an increased risk of mortality in the five years following major 

amputation. This finding is concerning as diabetes is the leading cause of non-traumatic 

amputation within the UK and within Wales [12].  With limb salvage procedures the only 

modifiable risk factor within the analysis to infer a survival benefit, this could be an area for 

further research within this population along with other aspects of preoperative and 

preventative care.  

Declaration of Competing Interest - The authors declare that they have no known competing 

financial interests or personal relationships that could have appeared to influence the work 

reported in this paper. 



 17 

Funding – None to declare 

  



 18 

References 

1. Ambler, G. K., Thomas-Jones, E., Edwards, A. G. K., & Twine, C. P. (2019). Risk Factors for 

In- hospital Mortality Following Major Lower Limb Amputation: Analysis of 10,000 Patients' 

Data from the UK National Vascular Registry. European Journal of Vascular and 

Endovascular Surgery, 58(6), e317-e318. doi: 10.1016/j.ejvs.2019.06.929  

2. Thorud, J. C., Plemmons, B., Buckley, C. J., Shibuya, N., & Jupiter, D. C. (2016). Mortality 

After Nontraumatic Major Amputation Among Patients With Diabetes and Peripheral 

Vascular Disease: A Systematic Review. The Journal of Foot and Ankle Surgery, 55(3), 591-

599. doi: https://doi.org/10.1053/j.jfas.2016.01.012  

3. Scott, S. W. M., Bowrey, S., Clarke, D., Choke, E., Bown, M. J., & Thompson, J. P. (2014). 

Factors influencing short- and long-term mortality after lower limb amputation. 

Anaesthesia, 69(3), 249-258. doi: doi:10.1111/anae.12532  

4. Fortington, L., Geertzen, J., van Netten, J., Postema, K., Rommers, G., & Dijkstra, P. (2013). 

Short and Long Term Mortality Rates after a Lower Limb Amputation. European Journal of 

Vascular and Endovascular Surgery, 46(1), 124-131. doi: 10.1016/j.ejvs.2013.03.024  

5. Aulivola, B., Hile, C. N., Hamdan, A. D., Sheahan, M. G., Veraldi, J. R., Skillman, J. J., . . . 

Pomposelli, J., Frank B. (2004). Major Lower Extremity Amputation: Outcome of a Modern 

Series. Archives of Surgery, 139(4), 395-399. doi: 10.1001/archsurg.139.4.395  

6. Mayfield, J. A., Reiber, G. E., Maynard, C., Czerniecki, J. M., Caps, M. T., & Sangeorzan, B. 

J. (2001). Survival following lower-limb amputation in a veteran population. J Rehabil Res 

Dev, 38(3), 341-345.  



 19 

7. Subramaniam, B., Pomposelli, F., Talmor, D., & Park, K. W. (2005). Perioperative and 

Long- Term Morbidity and Mortality After Above-Knee and Below-Knee Amputations in 

Diabetics and Nondiabetics. Anesthesia & Analgesia, 100(5)  

8. Icks, A., Scheer, M., Morbach, S., Genz, J., Haastert, B., Giani, G., . . . Hoffmann, F. (2011). 

Time-dependent impact of diabetes on mortality in patients after major lower extremity 

amputation: survival in a population-based 5-year cohort in Germany. Diabetes care, 34(6), 

1350-1354. doi: 10.2337/dc10-2341  

9. Pohjolainen, T., & Alaranta, H. (1998). Ten-year survival of Finnish lower limb amputees. 

Prosthetics and Orthotics International, 22(1), 10-16. doi: 10.3109/03093649809164452  

10. Behrendt, C. A., Sigvant, B., Szeberin, Z., Beiles, B., Eldrup, N., Thomson, I. A., Venermo, 

M, Altreuther, M., Menyhei, G., Nordanstig, J., Clarke, M., Rieß, H. C., Björck, M., Debus, E. S. 

(2018). International Variations in Amputation Practice: A VASCUNET Report. Eur J Vasc 

Endovasc Surg, 56(3), 391-399. doi: 10.1016/j.ejvs.2018.04.017  

11. Sargen, M. R., Hoffstad, O., & Margolis, D. J. (2013). Geographic variation in Medicare 

spending and mortality for diabetic patients with foot ulcers and amputations. Journal of 

Diabetes and its Complications, 27(2), 128-133. doi: 

https://doi.org/10.1016/j.jdiacomp.2012.09.003  

12. J Hayes, JM Rafferty, WY Cheung, A Akbari, R Thomas, S Bain, C Topliss, JW Stephens 

(2023). Quantifying the incidence of lower limb amputation in people with and without 

diabetes in Wales between 2008–2018.  Diabetes Epidemiology and Management, 11.  

doi:10.1016/j.deman.2023.100144. 



 20 

13. National Vascular Registry.(2018). 2018 Annual Report. Retrieved from 

https://www.vsqip.org.uk/reports-publications/2018-annual-report/ (accessed 01/01/2020) 

14. Rosenlund, M., Ekström, N., Törnblom, M., Wintzell, V., Stark, J. H., &amp; Titievsky, L. 

(2020). Impact of variable look-back periods on the incidence rates of chronic diseases using 

real world data. Pharmacoepidemiol Drug Saf, 29(9), 1086-1092. doi: 10.1002/pds.5066 

15. Ahmad, N., Thomas, G. N., Gill, P., Chan, C., & Torella, F. (2014). Lower limb amputation 

in England: prevalence, regional variation and relationship with revascularisation, 

deprivation and risk factors. A retrospective review of hospital data. Journal of the Royal 

Society of Medicine, 107(12), 483-489. doi: 10.1177/0141076814557301  

16. Claessen, H., Narres, M., Haastert, B., Arend, W., Hoffmann, F., Morbach, S., . . . Icks, A. 

(2018). Lower-extremity amputations in people with and without diabetes in Germany, 

2008-2012 - an analysis of more than 30 million inhabitants. Clinical epidemiology, 10, 475-

488. doi: 10.2147/CLEP.S146484  

17. PHE. (2019). Diabetes Foot Care Profile April 2019. 

https://fingertips.phe.org.uk/profile/diabetes-footcare: Public Health England.  

18. Rafferty, J., Akbari, A., Atkinson, M. D., Bain, S., Luzio, S., Stephens, J., Thomas, R. (2018). 

Identifying all persons in Wales with type 1 diabetes mellitus using routinely collected linked 

data (Vol. 3). International Journal of Population Data Science.  

19. Rafferty, J., Stephens, J. W., Atkinson, M. D., Luzio, S. D., Akbari, A., Gregory, J. W., . . . 

Thomas, R. L. (2021). A retrospective epidemiological study of type 1 diabetes mellitus in 



 21 

wales, UK between 2008 and 2018. Int J Popul Data Sci, 6(1), 1387. doi: 

10.23889/ijpds.v6i1.1387  

20. Hoffstad, O., Mitra, N., Walsh, J., & Margolis, D. J. (2015). Diabetes, Lower-Extremity 

Amputation, and Death. Diabetes Care, 38(10), 1852. doi: 10.2337/dc15-0536  

21. HSCIC.(2019). Report 2: Complications and Mortality. Retrieved from Hu, F. B. (2011). 

Globalization of Diabetes. Diabetes Care, 34(6), 1249. doi: 10.2337/dc11-0442  

22. Cascini, S., Agabiti, N., Davoli, M., Uccioli, L., Meloni, M., Giurato, L., . . . Bargagli, A. M. 

(2020). Survival and factors predicting mortality after major and minor lower- extremity 

amputations among patients with diabetes: a population-based study using health 

information systems. BMJ Open Diabetes Research &amp; Care, 8(1), e001355. doi: 

10.1136/bmjdrc-2020-001355  

23. Gurney, J. K., Stanley, J., York, S., Rosenbaum, D., & Sarfati, D. (2018). Risk of lower limb 

amputation in a national prevalent cohort of patients with diabetes. Diabetologia, 61(3), 

626-635. doi: 10.1007/s00125-017-4488-8  

24. Armitage, J. N., & van der Meulen, J. H. (2010). Identifying co-morbidity in surgical 

patients using administrative data with the Royal College of Surgeons Charlson Score. BJS 

(British Journal of Surgery), 97(5), 772-781. doi: 10.1002/bjs.6930  

25. StatsWales. (2014). Welsh Index of Multiple Deprivation. Retrieved 01/10/2017, 2017, 

from https://statswales.gov.wales/Catalogue/Community-Safety-and-Social-  



 22 

26. Wickham, H. (2016). ggplot2: Elegant Graphics for Data Analysis. New York: Springer-

Verlag.  

27. Johnson, L. L., & Shih, J. H. (2007). CHAPTER 20 - An Introduction to Survival Analysis. In 

J. I. Gallin & F. P. Ognibene (Eds.), Principles and Practice of Clinical Research (Second 

Edition) (pp. 273-282). Burlington: Academic Press.  

28. Davenport, D. L., Ritchie, J. D., & Xenos, E. S. (2012). Incidence and Risk Factors for 30-

Day Postdischarge Mortality in Patients With Vascular Disease Undergoing Major Lower 

Extremity Amputation. Annals of Vascular Surgery, 26(2), 219-224. doi: 

10.1016/j.avsg.2011.05.012  

29. Vamos, E. P., Bottle, A., Majeed, A., & Millett, C. (2010b). Trends in lower extremity 

amputations in people with and without diabetes in England, 1996–2005. Diabetes Research 

and Clinical Practice, 87(2), 275-282. doi: 10.1016/j.diabres.2009.11.016 
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Appendix 1 

All primary medical risk factors listed above, excluding ESRD, were identified from a 5 year 

look back period from the index date using ICD 10 codes (Table 2). ESRD was identified from 

inpatient admission codes using the standards described by the UK BIOBANK(UK Biobank, 

2017a). Again, a 5 year look back period from index date was applied.  

A previous limb salvage attempt by arterial bypass, angioplasty or a combination of both 

procedures was identified for each patient using coding methods described in previous 

papers examining PVD outcomes (P. W. Moxey et al., 2011b). A history of limb salvage was 

recorded if the procedures had occurred within a 2-year look-back period from the index date. 

The length of the look back period was adopted as the risk of amputation following attempted 

limb salvage and mortality associated with limb salvage has been shown to plateau at two 

years (Darling et al., 2018). Progression to amputation or any effect on mortality associated 

with the procedure would less likely be related to the limb salvage attempt after that point.  

 

Table 1. RCS Charlson morbidity index disease categories and ICD 10 codes (Armitage & 
van der Meulen, 2010)  

Disease category  ICD-10 codes 

AIDS/HIV infection    B20–B24 
Any malignancy    C00–C26, C30–C34, C37–C41, C43, C45–C58, C60–C76, 

C80–C85, C88, C90–C97 
Cerebrovascular disease    G45, G46, I60–I69 
Chronic pulmonary disease  I26, I27, J40–J45, J46*, J47, J60–J67, J684, J701, J703 
Congestive cardiac failure    I11, I13, I255, I42, I43, I50, I517 
Dementia    A810, F00–F03, F051, G30, G31 
Diabetes mellitus    E10–E14 
Hemiplegia or paraplegia    G114, G81–G83 
Liver disease    B18, I85, I864, I982, K70, K71, K721, K729, K76, R162, Z944 
Metastatic solid tumour    C77–C79 
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Myocardial infarction  I21*, I22*, I23*, I252 
Peripheral vascular disease    I70–I73, I770, I771, K551, K558, K559, R02, Z958, Z959 
Renal disease    I12, I13, N01, N03, N05, N07, N08, N171*, N172*, N18, 

N19*, N25, Z49, Z940, Z992 
Rheumatological disease    M05, M06, M09, M120, M315, M32–M36 

*Indicates acute condition included only if present within hospital admission record within preceding year 

 
Table 2. ICD 10 codes  
history of limb salvage procedures, HTN, ESRD, MI, CVA, congestive cardiac failure (CCF), PVD 
(i) History of limb salvage procedures 

Anatomical subgroup OPCS-4 codes 

Extra-anatomical bypass L16 
Iliac bypass L20.6, L21.6, L50, L51, L52, L65.2 
Iliac angioplasty L54 
Femoroproximal bypass L58.1, L58.2, L58.3, L59.1, L59.2, L59.3, L60 
Femorodistal bypass L58.4, L58.5, L58.6, L58.7, L59.4, L59.5, L59.6, L59.7 
Femoral angioplasty L63.1, L63.5, L63.8, L63.9 
Unspecified lower limb angioplasty L66.2, L66.5, L66.7, L66.8, L66.9, L71.1, L71.5, L97.2 

 
(ii) Comorbidities other than ESRD  

Comorbidity  ICD-10 codes 

Cerebrovascular accident    G45, G46, I60–I69 
Congestive cardiac failure    I11, I13, I255, I42, I43, I50, I517 
Hypertension I10, I11, I12,I13,I15 
Myocardial infarction  I21*, I22*, I23*, I252 
Peripheral vascular disease    I70–I73, I770, I771, K551, K558, K559, R02, Z958, Z959 

 
(iii) ESRD - End Stage Renal Disease Detected in Hospital Admission as per UK Biobank protocol 
(UK Biobank, 2017b) 

Step 1:  

ICD 10 and OPCS 4 codes from hospital admissions are used to create variable categories that 
identify participants who received any RRT (and within this category those who received a kidney 
transplant or peritoneal dialysis which was assumed to be for maintenance RRT), and those with 
indicators of CKD stage 5:  

Indicator ICD-10/OPCS-4 codes 

Renal replacement therapy E85.3, N16.5, T82.4, T86.1, Y60.2, Y61.2, Y62.2, 
Y84.1 , Z49.0, Z49.1 ,Z49.2, Z94.0, Z99.2, M01.2, 
M01.3, M01.4, M01.5, M01.8, M01.9, M08.4, 
M17.4, M17.8, M17.9, X40.1, X40.2, X40.3, X40.4, 
X40.5, X40.6, X40.7, X40.8, X40.9, X41.1,X41.2, 
X41.8, X41.9, X42.1, X42.8, X42.9, X43.1 

Renal replacement therapy maintenance N16.5, T86.1, Z49.2, Z94.0, M01.2, M01.3, M01.4, 
M01.5, M01.8, M01.9, M08.4, M17.4, M17.8, 
M17.9, X40.2, X40.5, X40.6, X41.1,X41.2 

CKD 5 indicator E85.3, N16.5, N18.0, N18.5, T86.1, Z94.0, L74.1, 
L74.2, L74.3, L74.4, L74.5, L74.6, L74.8, M01.2, 
M01.3, M01.4, M01.5, M01.8, M01.9, M02.3, 
M08.4, M17.2, M17.4, M17.8, M17.9, X40.2, X40.5, 
X40.6, X41.1,X41.2 
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Step 2:  ICD 10 and OPCS 4 codes are combined to create the following Derived Phenotypic 
Variables (DPVs).  

DPV Category  Description  Rules  

DPV_COMPOSITE_ANY_RRT  Any renal replacement 
therapy (RRT: dialysis or 
transplantation), i.e. 
includes both acute or 
maintenance RRT  

Any participant with RRT =1 should be 
considered DPV_COMPOSITE_ANY_RRT=1. 
For this outcome, first and any subsequent 
records need to be recorded with all the 
relevant dates.  

DPV_COMPOSITE_ESRD_TX_OR_PD  CKD stage 5 treated by 
transplantation or 
peritoneal dialysis  

Any participant with MAINTENANCE_RRT=1 
should be considered 
DPV_COMPOSITE_ESRD_TX_OR_PD=1. Use the 
earliest date of these records as the date.  

DPV_COMPOSITE_CKD5_INDICATOR  Any CKD stage 5 
indicator  

Any participant with CKD5_INDICATOR=1; 
should be considered DPV_COMPOSITE_ 
CKD5_INDICATOR = 1. 
For this outcome, first and any subsequent 
records need to be recorded with all the 
relevant dates.  

Step 3:  Participants without evidence of a CKD stage indicator are excluded (i.e. those with 
acute kidney injury are excluded).  

DPV Category  Description  Rules  

DPV_COMPOSITE_ESRD_ONRRT  CKD stage 5 
treated with 
renal 
replacement 
therapy 
identified using 
CKD stage 5 
indicators  

A record of DPV_COMPOSITE_ANY_RRT = 1 with (a) 
a record in DPV_COMPOSITE_CKD5_INDICATOR = 1 
before the record in DPV_COMPOSITE_ANY_RRT=1, 
OR (b) a record in 
DPV_COMPOSITE_CKD5_INDICATOR = 1 on or 
within 365 days of the record in 
DPV_COMPOSITE_ANY_RRT = 1.  

- Use the earliest date of a record in 
DPV_COMPOSITE_ANY_RRT = 1 that fulfills one of 
these criteria as the date.  

DPV_COMPOSITE_ESRD_ONRRT_COMB 
INED  

Combined CKD 
stage 5 treated 
with RRT  

Any participant with 
DPV_COMPOSITE_ESRD_TX_OR_PD = 1 or 
DPV_COMPOSITE_ESRD_ONRRT = 1. 
Use the earliest date of these records as the 
assigned case date.  

Step 4: Any participant with DPV_COMPOSITE_ESRD_ONRRT_COMBINED=1 after 
implementation of the above algorithm steps is deemed to be an ESRD case detected by 
hospital admission EHRs.  

 


