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Abstract
Objective: We describe the prevalence of major lower
limb amputation across England and its relationship with
revascularisation, patient demography and disease risk
factors.
Design: Retrospective cohort study.
Setting: England 1 April 2003 to 31 March 2009.
Participants: Patients aged 50–84 years.
Main outcome measures: Age standardised prevalence
rates were calculated using Hospital Episode Statistics as
the numerator with census data as the denominator. The
outcome measure ‘amputation with revascularisation’ was
created if an amputation could be linked with a revascularisation. Logistic regression determined the odds of having
an amputation with a revascularisation across England.
Regression was performed unadjusted and repeated after
controlling for demographic (age, sex, social deprivation)
and disease risk factors (diabetes, hypertension, coronary
heart disease, cerebrovascular disease, smoking).
Results: There were 25,312 amputations and 136,215
revascularisations, and 7543 cases were linked. The prevalence rate per 100,000 (95% confidence intervals) for
amputation was 26.3 (26.0–26.6) with rates significantly
higher in Northern England (North: 31.7; 31.0–32.3,
Midlands: 26.0; 25.3–26.7, South: 23.1; 22.6–23.5). The
revascularisation rate was 141.6 (140.8–142.3) with significantly higher rates again in Northern England (North:
182.1; 180.5–183.7, Midlands: 121.3; 119.8–122.9, South
124.9; 123.9–125.8). The odds of having an amputation
with a revascularisation remained significantly higher in
the North (OR 1.22; 1.13–1.33) even after controlling
demographic and disease risk factors.
Conclusions: There is a North–South divide in England for
both major lower limb amputation and revascularisation.
The higher odds of having an amputation with a revascularisation in the North were not fully explained by greater
levels of deprivation or disease risk factors.
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Introduction
Peripheral arterial disease (PAD) aﬀects the lower
limbs and is an important healthcare problem for
developed nations. It has the same underlying pathology and treatment strategy as coronary heart disease, i.e. endovascular and surgical management, and
is an indicator of widespread atherosclerosis in other
vascular territories.1,2 The world-wide prevalence has
been estimated at 3–10% increasing to 15–20% in
individuals aged over 70 years.3–6 It classically presents as intermittent claudication and can lead to
ulcers, gangrene and amputation. The ratio of symptomatic to asymptomatic disease is up to one in three
with as many as 50% never consulting a doctor.3
Over 90% of the annual 5000 major leg amputations
undertaken in England can be attributed to arterial
disease.7
Our aim was to ascertain whether regional diﬀerences in the prevalence of major lower limb amputation exist in England and whether these are associated
with reduced revascularisations, social deprivation or
diﬀerent risk factors proﬁles of regional populations.

Methods
We interrogated the Hospital Episode Statistics
(HES) database which captures every hospital patient
encounter in England with approximately 52 million
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Table 1. Summarised procedure codes for amputation and revascularisation used by Hospital Episode Statistics.
Procedure

Area

Code

Description

Amputation

Leg

X09

All leg amputation (excludes feet)

Endovascular

Aorta

L26

Percutaneous angioplasty/stent of aorta

Iliac

L54

Percutaneous angioplasty/stent of Iliac artery

Femoral

L63

Percutaneous angioplasty/stent of femoral/popliteal artery

Other

L66

Other therapeutic transluminal operations/stent on artery

Iliac

L51

Bypass of iliac artery (vein or prosthesis)

L52

Reconstruction of iliac artery (endarterectomy)

L59

Bypass of femoral artery (vein or prosthesis)

L60

Reconstruction of femoral artery (endarterectomy)

Surgery

Femoral

in and outpatient episodes added each year.8
Information regarding patient demography, risk factors, diagnosis and intervention is collected. A subset
of this main database covering inpatient admissions
between 1 April 2003 and 31 March 2009 was created.
From HES, we obtained information on patients
aged 50–84 years who underwent major lower limb
amputation and revascularisation (both endovascular
and surgical and including diagnostic angiograms),
as deﬁned by the Oﬃce of Population, Census and
Surveys (OPCS) 4.5 classiﬁcation9 (Table 1). All 10
operative ﬁeld codes were searched. We chose these
age groups as people aged under 50 years are less
likely to have major amputations related to PAD,
and people aged over 85 years are more likely to
have primary amputations. We included angiographic codes as these inpatient procedures are usually done with a view to revascularisation.
Demographic (age, sex, deprivation) and risk
factor data were then extracted from any of the 20
co-morbidity ﬁelds based on the ICD-10 classiﬁcation.10 The risk factors extracted were diabetes
(E10–E14), hypertension (I10–I13), hypercholesterolaemia (E78), coronary heart disease (I20–I25), cerebrovascular disease and transient ischaemic attack
(I63–I67 and G45), and smoking (F17, Z72).
Prevalence rates for both amputation and revascularisation procedures used HES data as the numerator with the denominator population derived from
the Oﬃce National Statistics (ONS) mid-year population estimates.11 Crude rates were calculated using
the combined number of procedures over the six-year
period as the numerator with the denominator
derived by combining the mid-year population estimates between 2003 and 2008. 95% conﬁdence

intervals were based on ﬁve-year age bands with the
overall rate age standardised to the England and
Wales 2001 population using standard techniques.12
Proportional rates were derived by determining the
ratio of the age adjusted rate in each region as a proportion of the national rate. The nine governmental
regions were split into North (North West, North
East, Yorkshire and Humber), Midlands (East and
West Midlands) and South (East of England,
London, South East, South West) for statistical
purposes.
Social deprivation was measured using Indices of
Multiple Deprivation 2010 (IMD) score.13 This was
chosen as it is the British government standard for
health and social policy. The IMD scoring system is
based on 38 separate indicators organised across
seven distinct domains, which are combined using
appropriate weights. The domains are income
(22.5%), employment (22.5%), health deprivation
and disability (13.5%), education skills and training
(13.5%), barriers to housing and services (9.3%),
crime (9.3%) and living environment (9.3%). IMD
scores are calculated for every Lower layer Super
Output Area (LSOA). These are homogenous areas
of relatively equal size containing approximately 1500
people. Since their introduction in 2000, IMD scores
have been used increasingly by the UK Government
to plan public service provision in a variety of sectors,
including healthcare.
Leg amputation and revascularisation procedures
were linked to create the outcome measure ‘amputation with revascularisation’, and if linkage was not
possible ‘amputation without revascularisation’ was
assigned. The variables were linked if both procedures occurred within the same six-year time frame,
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had the same unique HES identiﬁer and both procedures occurred within the same region. They were not
linked based on a temporal relationship or side of
intervention. This was because clinically amputations
in this age group are rarely done without imaging and
we had no data on accuracy of laterality codes, i.e.
left/right especially as some interventions, e.g.
femoro-femoro cross-over could not have laterality
assigned. Only one revascularisation episode was
required to make a link with an amputation, and to
improve linkage, we used two rather than three digit
intervention codes. We only linked procedures that
occurred in the same region to investigate accurately
regional diﬀerences. The two outcome measures are
not, therefore, necessarily a measure of service
quality.
Logistic regression was then used to identify predictors of these dichotomous outcomes using SPSS.14
The odds were performed unadjusted and then

controlled for demographic (age, sex, social class)
and disease risk factors entered sequentially as two
blocks. The variables were entered in this way to
ascertain the relative eﬀect of patient demography
and risk factor proﬁle. The Midlands was chosen as
the standard as its rates matched most closely the
national average for amputation.

Results
There were approximately 90 million inpatient hospital episodes between 1 April 2003 and 31 March
2009. From this sampling frame, we extracted
25,312 major lower limb amputations and 136,215
revascularisations. The mean age of amputees was
70.6 years, 68.5% were men and 28.6% were from
the most deprived areas. The commonest disease
risk factors were diabetes (44%), hypertension
(39%) and coronary heart disease (23%) (Table 2).

Table 2. Number, prevalence and proportional distribution of risk factors in amputees by region.
Risk factor
Amputations (n)
Prevalence rate/100,000
(95% confidence interval)
Revascularisations (n)
Prevalence rate/100,000
(95% confidence interval)

England

North

25,312

8981

26.3
(26.0–26.6)
136,215
141.6
(140.8–142.3)

31.7
(31.0–32.3)
51,784
182.1
(180.5–183.7)

Midlands

South

4969

11,358

26.0
(25.3–26.7)
23,163
121.3
(119.8–122.9)

23.1
(22.6–23.5)
61,268
124.9
(123.9–125.8)

Mean age (years)

70.6

70.4

70.4

70.8

Male %

68.5

69.9

69.4

67.1

Most deprived

28.6

42.2

30.8

17.6

Second most deprived

22.7

22.7

22.2

23.9

Third most deprived

19.7

15.6

19.4

23.2

Fourth most deprived

16.3

12.0

16.4

19.3

Least deprived

12.8

7.5

11.2

16.0

Diabetes (%)

43.7

40.8

44.0

45.8

Hypertension (%)

39.1

39.9

36.1

40.2

High cholesterol (%)

8.6

9.1

6.3

9.5

History of CHD (%)

22.9

26.8

20.0

21.0

History of stroke (%)

3.3

3.2

3.6

3.3

Smoker (%)

8.9

12.2

5.0

8.2
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The overall age standardised prevalence rate of
amputations and revascularisations in England for
those aged 50–84 years was 26.3/100,000 and 141.6/
100,000, respectively. Rates were double in men than
women for both amputations (37.0 vs. 15.9/100,000)
and revascularisations (197.4 vs. 90.7/100,000).
Regionally, the rates, per 100,000, of amputations
and revascularisation were higher in Northern
England: North 31.7 and 182.1; Midlands 26.0 and
121.3; South 23.1 and 124.9 (Table 2). The proportional rate of amputations and revascularisations
across all English regions in relation to the national
rate is illustrated in Figure 1.
We were able to match 7543 amputations (29.8%)
to a revascularisation. Table 3 demonstrates
increased odds of having an amputation associated
with a revascularisation with increasing age, male
sex and all risk factors except diabetes. Diabetics,
however, were more likely to have an amputation
with no revascularisation. Social deprivation had
no eﬀect on amputation with or without
revascularisation.
Table 4 demonstrates that the demographic factors
have a minimal eﬀect in explaining the higher risk of
amputation both with and without a revascularisation in the North compared with the South.
However, disease risk factors attenuated the risk
by half.

Journal of the Royal Society of Medicine 107(12)

Discussion
Principle findings
We have demonstrated the prevalence of major lower
limb amputation and revascularisation in England to
be double in men than women and signiﬁcantly higher
in Northern England compared with the South.
Amputees from Northern England had higher levels
of social deprivation, coronary heart disease and
smoking but lower levels of diabetes, hypertension
and hypercholesterolaemia. The odds of having an
amputation with a revascularisation were not signiﬁcantly diﬀerent between the Midlands and Southern
England but were higher in the North even after controlling for demographic and disease risk factors.

Strengths and weaknesses in relation to
other studies
The number of amputations across England that we
observed were broadly similar to those already published.7,15 Our strategy of including only people aged
50–84 years to capture amputees with PAD was
validated as we returned a similar number of amputees
to Moxey et al.15 who only looked at amputees
admitted to hospital with a diagnosis of ‘peripheral
vascular disease’ irrespective of age. The apparent difference in prevalence reported by Moxey et al. can be

Figure 1. Proportional rate of amputation (upper value) and revascularisation (lower value) (95% confidence intervals) by
English region (England rate ¼ 100).
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Table 3. Odds ratio for an amputation with and without revascularisation by risk factor.
Amputation alone
(n ¼ 17 765)

Amputation with revascularisation (n ¼ 7 543)

OR (95% CI)

OR (95% CI)

Sig.

55–59

0.79 (0.67–0.92)

1.27 (1.09–1.49)

<0.001

60–64

0.67 (0.58–0.78)

1.49 (1.29–1.73)

<0.001

65–69

0.66 (0.57–0.76)

1.52 (1.32–1.76)

<0.001

70–74

0.65 (0.56–0.74)

1.55 (1.34–1.79)

<0.001

75–79

0.71 (0.62–0.81)

1.42 (1.23–1.64)

<0.005

80–84

0.81 (0.70–0.94)

1.24 (1.07–1.43)

<0.001

Gender

Male sex

0.94 (0.88–1.00)

1.07 (1.00–1.14)

0.051

Deprivation

Most deprived (standard)
Second most deprived

1.02 (0.95–1.11)

0.98 (0.90–1.06)

0.562

Third most deprived

1.05 (0.97–1.14)

0.95 (0.87–1.04)

0.245

Fourth most deprived

1.07 (0.97–1.16)

0.94 (0.86–1.03)

0.171

Least deprived

0.93 (0.85–1.03)

1.07 (0.97–1.18)

0.153

Diabetes

1.34 (1.26–1.42)

0.75 (0.70–0.79)

<0.001

Hypertension

0.68 (0.64–0.72)

1.48 (1.39–1.57)

<0.001

High cholesterol

0.50 (0.46–0.52)

1.98 (1.81–2.17)

<0.001

Coronary heart disease

0.70 (0.66–0.75)

1.43 (1.34–1.52)

<0.001

Stroke

0.93 (0.80–1.08)

1.08 (0.93–1.25)

0.340

Smoker

0.49 (0.49–0.53)

2.05 (1.88–2.23)

<0.001

Age group (years)

Risk factors

50–54 (standard)

Table 4. Unadjusted and adjusted odds of location predicting amputation with revascularisation.
Unadjusted

Adjusted for demography*

Adjusted for demographic
and disease risk factorsy

OR (95% CI)

Sig.

OR (95% CI)

Sig.

OR (95%CI)

Sig.

Northern England

1.40 (1.29–1.51)

<0.001

1.39 (1.28–1.50)

<0.001

1.22 (1.13–1.33)

<0.001

Southern England

1.14 (1.05–1.23)

<0.001

1.16 (1.07–1.25)

<0.001

1.05 (0.97–1.14)

0.218

Relative to Midlands

*Age, sex, social class (defined by IMD quintile).
y
Diabetes, hypertension, hypercholesterolaemia, coronary and cerebral vascular disease and smoking.
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explained by diﬀerent reporting (prevalence  10,000
by Moxey et al.,  100,000 in our study), lack of age
standardisation
and
diﬀerent
denominator
populations.
Both Moxey et al.15 and Holman et al.16 described
variations in amputation rates in diabetics by English
region and primary care trust, respectively. Neither,
however, commented on gender diﬀerences nor the
North–South divide. In agreement with our results,
Holman et al.16 found no association between amputation rates and social deprivation.

This ﬁnding may be related to the high prevalence
of PAD in the region, leading to increased disease
awareness among primary and secondary care staﬀ
and consequent early referral for revascularisation.
It is not possible, however, to fully ascertain the
impact of revascularisation on amputation prevention on the basis of our analysis, because we do not
know how many revascularisations were performed
for limb salvage in the three regions. Such information will only be gained from prospective cohort
study of individual patients.

What this study adds

Conclusions

Holman et al.16 suggested that wide geographical
variation within an equitable healthcare system
point to key diﬀerences in the organisation or delivery of healthcare for amputees, particularly diabetics.
We believe our study informs this debate in three
ways. First, we provide accurate epidemiological
data on amputation and revascularisation rates
across England. Second, we suggest access to inpatient revascularisation services does not vary between
the Midlands and the South. Finally, we suggest the
higher prevalence of amputations in the North despite higher revascularisation rates is not fully
explained by diﬀerences in the demographic or risk
factor proﬁle of that population.

We believe the challenge for PAD management is to
reduce the inequality in major lower limb amputation
rates across England. This should involve organising
and delivering healthcare in a targeted manner and
include the community as well as hospital care with
particular focus on Northern England.

Data limitations
There are limitations to our study. First, our results
are only as good as the coding in HES, whose data
cannot be directly validated at patient level. In particular, the use of multiple co-morbidity codes may
not be reliable. It is particularly concerning that, very
much in contrast with published evidence, only 9% of
amputees were smokers and only 3% had a stroke.
Selby and Zhang17 found that of diabetics who had
lower limb amputations approximately 33% were
current smokers and both coronary heart disease
and stroke had a prevalence of 20%. Preliminary validation results of our own suggest accurate coding of
diabetes, hypertension and coronary heart disease
but poor coding of smoking status and
hypercholesterolaemia.18
Second, our temporal linkage between amputation
and revascularisation may have incorrectly included
patients requiring treatment of both legs. Lastly, we
may have included patients undergoing amputations
for diseases other than PAD, although we believe
their numbers to be small.
It is beyond the scope of our study to investigate
the reasons behind the increased prevalence of amputation with revascularisation in Northern England.
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