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SUMMARY

Background and aims: The purpose of this study was to assess the incidence
and risk factors for non-traumatic lower extremity amputation (LEA) in patients on
haemodialysis (HD).

Methods: We investigated our HD population attending our clinic between Jan
1988 and Dec 2002, who had had LEA. Uni- and multivariate analyses were used
to determine association of LEA with demographic characteristics such as diabe-
tes, hypertension, smoking, myocardial infarction, stroke, dyslipidaemia, haemato-
crit, urea, creatinine, calcium, phosphorous, parathyroid hormone (PTH) and al-
bumin levels.

Results: Of 516 patients, 20 (3.9%) underwent 32 amputations; 21 major and
11 minor. The incidence was 1.1 amputees/100 p-years. There were 11 (10.8%)
diabetics and 9 (2.2%) non-diabetics; incidence of 4.2 and 0.6 amputees/100
p-years, respectively. Non-diabetic amputees were older than non-amputees: 68.9
vs 58.2 years (p = 0.013) and had been on HD longer: 71.4 ± 44 vs 42 ± 37
months (p = 0.019). There were 60% deaths within the first year of amputation
and the causes were 60% cardiovascular. Univariate analysis indicated significant
association of LEA with ageing, diabetes, smoking, myocardial infarction, stroke,
high cholesterol, and low PTH levels. Multivariate Cox regression identified inde-
pendent associations of amputation with diabetes, previous myocardial infarction
and stroke and/or transient ischaemic attack.

Conclusions: The incidence of LEA in HD patients is very high and is associa-
ted with diabetes and previous cardiovascular events. Advanced age and longer
time on HD are factors related to LEA in non-diabetics. With increasing numbers
of diabetics and older people on HD, new strategies are needed for peripheral ar-
terial disease management so as to avoid its progression to critical ischaemia.

Key words: Lower extremity amputation. Risk factors. Peripheral arterial dise-
ase. Haemodialysis.
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INTRODUCTION

It is known that in the general population the rate
of lower limb amputation varies according to geo-
graphic localization and race1-3.

The natural course of peripheral arterial disease in
patients with intermittent arterial claudication entails
a high risk for myocardial infarction and of surgery
of the lower limbs and amputation that may reach
12% at three months of onset of resting pain of the
limb, ulceration and gangrene4. The presence of pe-
ripheral arterial disease increases the risk of death
from cardiovascular disease by 3 to 6 fold in the
asymptomatic cases and by 15 fold in severe cases5. 

In spite of the high prevalence of cardiovascular
disease in hemodialysis patients, the incidence of
lower limb amputation has remained unknown until
the recent publication of an epidemiological study
on patients with renal function replacement therapy.
This study shows a high incidence of lower limb am-
putation for non-traumatic causes in dialysis patients
of the U.S. Medicare Program6.

To date, no study has been published that analy-
zes the incidence and risk factors for amputation of
the lower limbs in the population on hemodialysis
in Southern Europe, a geographical area where there
is a low prevalence of cardiovascular disease in the
general population7-9.

INCIDENCIA Y FACTORES DE RIESGO DE AMPUTACIÓN NO TRAUMÁTICA
DE MIEMBROS INFERIORES EN LOS PACIENTES EN HEMODIÁLISIS

RESUMEN

A pesar de la alta prevalencia de enfermedad cardiovascular en los pacientes
en hemodiálisis (HD), la incidencia de amputación de miembros inferiores (MMII)
es poco conocida.

Objetivo: Analizar incidencia y factores condicionantes de amputación no trau-
mática de MMII en los pacientes en HD.

Métodos: Analizamos los pacientes incluidos en HD de 1/1/88 a 31/12/02 e
identificamos amputados y amputaciones efectuadas. Realizamos análisis uni y
multivariante de la asociación de amputación con edad, sexo, tiempo en HD, his-
toria de diabetes, hipertensión arterial, infarto de miocardio (IM), accidente cere-
brovascular (ACV), tabaquismo y niveles de colesterol, triglicéridos, hematocrito,
urea, creatinina, calcio, fósforo, PTH y albúmina.

Resultados: Se incluyeron 516 pacientes (59,5 ± 17 años, 102 diabéticos), tiem-
po en HD 40,15 ± 37 meses, seguimiento de 1.726 pacientes-año. Veinte (3,9%)
sufrieron una o varias amputaciones, con incidencia de 1,1 paciente amputa-
dos/100 p-año. Once (10,8%) eran diabéticos, incidencia 4,2 amputados/100
p-año. Nueve (2,2%) no diabéticos, con 0,6 amputados/100 p-año. Las amputa-
ciones fueron 32: 21 mayores (supra e infracondíleas) y 11 menores (pies y dedos).
El 60% falleció al año de su primera amputación y las causas de muerte fueron
cardiovasculares en el 60% de los casos. En el análisis univariante los amputados
tenian mayor edad, presencia de diabetes, tabaquismo, antecedentes de IM y ACV,
colesterol y menor PTH. En el multivariante, diabetes: OR: 5,9 (IC 95%: 2,4-16,
p = 0,000), IM: OR: 7,2 (IC 95%: 2,1-24,7, p = 0,002) y ACV: OR: 4,8 (IC 95%:
1,3-17, p = 0,015), se asociaron de forma independiente con el riesgo de ampu-
tación.

Conclusiones: La incidencia de amputación de MMII en los pacientes en HD
es elevada. Factores de riesgo conocidos como diabetes y patología cardiovascu-
lar aterosclerótica establecida son condicionantes de amputación. La creciente in-
clusión en HD de pacientes diabéticos y de edades avanzadas hace previsible el
aumento de arteriopatia periférica lo que hace necesario planificar estrategias que
prevengan su aparición y progresión a isquemia crítica.

Palabras clave: Amputación de miembros inferiores. Hemodiálisis. Factores de
riesgo.



The aim of our study was to analyze the inci-
dence and conditioning factors for non-traumatic
amputation of the lower limbs in hemodialysis pa-
tients.

METHODS

We considered patients with chronic renal failu-
re that started hemodialysis replacement therapy in
our Center (including a hospital unit and two pe-
ripheral centers), from 01/01/1988 to 12/31/2002,
and that remained with this technique for at least
one month. Patients that had initiate therapy in
another center, those whose usual treatment had
been CAPD, those had had received previous renal
transplantation, or those that had recovered enough
renal function to withdraw from dialysis were ex-
cluded. The observation period was that comprised
between the onset of replacement therapy to end
of it for transplantation, CAPD, death or end of
study at 01/31/2003. 

We identified amputated patients and lower limb
amputations performed excluding those for trauma-
tic, neoplasic or vasculitic causes. We considered
major amputation the one performed at an infra-
condylar, below the knee joint, or supracondylar,
more proximal, and minor amputation the one per-
formed at the foot or more distally. 

We examined those variables that could be re-
lated to the risk of having peripheral arterial dise-
ase. We included demographic factors such as age
at onset of dialysis, gender, and time on replace-
ment therapy. Also included were the presence of
diabetes, arterial hypertension, ischemic heart di-
sease, cerebrovascular stroke, and cigarette smo-
king, together with analytical parameters such as
total cholesterol, triglycerides, hematocrit, urea,
creatinine, calcium, phosphorus, intact PTH, and
albumin.

We considered as diabetic patient the one that
at some point of his/her clinical course would have
been diagnosed with diabetes with indication of
pharmacological treatment to control his/her gly-
cemia. Arterial hypertension diagnosis prior to or
after onset of replacement therapy was considered
when the patient had had antihypertensive medi-
cation. As ischemic heart disease diagnosis, we
considered it when performed through coronario-
graphy or by presentation of myocardial infarct
diagnosed by means of the clinical picture, and
enzymes and electrocardiogram changes. Diagno-
sis of cerebrovascular stroke or transient ischemic
attack was considered when it was already esta-
blished in the patient’s history or during the follow-

up period by checking it by imaging tests or by a
neurologist’s report.

According to cigarette smoking use, patients were
categorized as never smokers and smokers, the lat-
ter comprising both on active smoking and those
withdrawing from smoking within the last ten years
prior to the study beginning.

The analytical parameters were the ones corres-
ponding to the check-up performed within weeks 5
and 10 after starting of hemodialysis. The hematocrit
and biochemistry data were determined with an
auto-analyzer and PTH by immunochemolumines-
cence, Ciba-Corning, Medfield, MA (NV: < 65
pg/mL).

Statistical analysis

A univariate analysis was done by the Student’s t
test for non-paired quantitative variables, and χ2 for
qualitative variables, obtaining the relative risk and
95% confidence intervals. For multivariate analysis
Cox’s logistic regression analysis was done, and odds
ratios and 95% confidence intervals were obtained.
Kaplan-Meier curves were used for survival analysis
and the log-rank test to compare the curves betwe-
en amputated and non-amputated patients. A p value
< 0.05 was considered statistically significant. All the
analyses were performed with the statistical packa-
ge SPSS 11.0.

RESULTS

Characteristics of the population included

Between 01/01/1988 and 12/31/2002, 702 pa-
tients on replacement therapy were included. After
exclusions, included patients totaled 516. The con-
sidered population had the following characteristics:
age 59.5 ± 17 years (range: 14.6-89.3 y.); gender,
288 (55.8%) men; time on dialysis 40.15 ± 37
months (range: 1.07-183.4 m.). Follow-up: 1726 pa-
tients-year. Causes for nephropathy were: diabetes,
13.8%; nephroangiosclerosis, 8.5%; glomeruloneph-
ritis, 16.7%; interstitial, 20.3%; polycystic renal di-
sease, 6.6%; systemic diseases, 8.1%; familial neph-
ropathy, 3.7%; unknown, 19.4%; miscellaneous,
2.9%. According to previous mentioned criteria, 102
(19.7%) patients had been diagnosed with diabetes,
of which 51 (50%) had started on dialysis since
01/01/1999. Seventeen patients transiently treated
with peritoneal dialysis, generally because of vascu-
lar access difficulties, were also included in the
study. 
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Incidence of amputated patients

Twenty (3.9%) patients were submitted to one or
more lower limb amputations. They were 14 (4.9%)
men and 6 (2.6%) women. The incidence was 1.1
amputated patients per 1000 patients and follow-up
year, 1.4/100 men-year and 0.8/100 women-year.
Eleven patients were diabetic (10.8% of diabetics),
incidence of 4.2 amputated diabetics/100 p-year and
nine (2.2%) were not diabetic, incidence 0.6/100 p-
year. The chance of being amputated for diabetics
was five fold higher than for non-diabetics (RR: 5.14).
Nephropathy cause in non-diabetic amputated pa-
tients was: unknown 5, nephroangiosclerosis 2, sys-
temic disease 1, and interstitial nephropathy due to
calculi 1.

The first amputation in diabetic patients was done
early. Thirty three percent of amputated diabetics had
their first amputation within the first months on dialy-
sis, and 66% within the first year. At 30 months of
permanence on dialysis therapy, all amputated dia-
betic patients had already received their first ampu-
tation, After 30 months on dialysis, there were re-
amputations in these patients but no other diabetic
patient was amputated. Two non-diabetic patients
suffered their first amputation within the first two
years and the remaining did so from the forth year
on dialysis and on. In the Kaplan-Meier survival
analysis, the chance of being free from amputation
at 30 months of being on dialysis was 85.6% in dia-
betics and 98.6% in non-diabetics (log-rank test: p
< 0.00001).

Amputations

Indication for amputation was gangrene in 16 pa-
tients, and non-abating resting ischemic pain in four.
Four patients were treated with chemical sympat-
hectomy, three with posterior cords neurostimula-
tion, and three with intradialysis prostaglandins for
4 weeks. Eight revascularization procedures were

performed in six patients, two diabetics and four
non-diabetics.

Thirty-two amputations were done, 21 (64%)
major amputations, 15 supra- and 6 infracondylar.
Diabetic patients were submitted to 18 amputations,
10 major amputations, and non-diabetic patients re-
ceived 14 amputations, of which 11 were major am-
putations. Minor amputations in diabetics were eight
(44.4%) and in non-diabetics were three (21.4%) (P
< 0.05). The number of re-amputated patients was
similar in both groups (5 diabetics, and 5 non-dia-
betics). Three patients received a major bilateral am-
putation (1 diabetic, 2 non-diabetics). 

Factors related with amputation

In the univariate analysis, amputated patients were
older, the ratio of diabetics and smokers was grea-
ter, and there was a higher number of patients with
a personal history of myocardial infarction and ce-
rebrovascular stroke or transient ischemic attack. Be-
sides, the proportion of patients with high choleste-
rol and low PTH was higher (Table I). There were no
differences in hematocrit, urea, creatinine, triglyce-
rides, calcium, phosphorus, albumin, and arterial hy-
pertension.

This analysis was separately done in diabetics and
non-diabetics. 

In diabetics, time on dialysis until the first ampu-
tation was shorter than the total observation time for
non-amputated patients. Besides, they had lower
creatinine and PTH and higher cholesterol. There
was also a higher proportion of patients with pre-
vious myocardial infarction or cerebrovascular stro-
ke or transient ischemic attack (Table II). Non-dia-
betic amputated patients were 10 years older than
non-amputated patients, most of them were men,
and time on dialysis until their first amputation was
longer than total time on dialysis for non-amputated
patients. Their creatinine was higher and the pro-
portion of smokers was higher (table III).
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Table I. Factors related to amputation. Univariate analysis

Amputated Non-amputated Relative
N = 20 N = 496 risk 95% CI p

Age (years) 64.7 ± 10 59.3 ± 17 – – = 0.036
Diabetes 55% 18.3% 4.94 2.1-11.6 = 0.0001
Smokers 70% 41.3% 3.3 1.3-8.4 = 0.019
Myocardial infarction 25% 3.2% 7.8 3.1-19.5 = 0.001
Ischemic stroke 20% 3.6% 5.6 2-15.4 = 0.008
Cholesterol > 230 mg/dL 40% 13.7% 3.9 1.6-9.1 = 0.004
PTH (pg/mL) 138.6 ± 197 246.8 ± 310 – – = 0.028



In the multivariate analysis, independent factors
associated with amputation were diabetes diagnosis
and a previous history of myocardial infarction or is-
chemic ictus (Table IV). 

Survival and mortality

The Kaplan-Meier analysis shows the shorter sur-
vival in the amputated patient. At 20 months, survi-
val rate is 81.3% in non-amputated patients vs. 55%
in amputated patients, at 60 months, 62.2% vs. 35%,
and at 120 months 33.3% vs 15% (log-rank test: p
< 0.0028). 

These differences only occur among diabetic pa-
tients, with a survival rate at 2 years of 71% in non-
amputated vs. 18% in amputated patients, and at 5
years of 49% vs. 9%. At 80 months, all amputated
diabetics had died, and 28% of non-amputated dia-
betics still alive (fig. 1).

Survival rate of patients after the first amputation
was 15.3 ± 16% and in non-diabetics 13.2 ± 22
months (NS). Survival rate for the first major ampu-
tation was 14.5 ± 19 months and for the first minor
amputation 14.1 ± 20 months (NS). Mortality rate of
patients after the first amputation was 15% within
the first month, 60% within the first year, and 90%
within two years. All amputated patients died within
the observation period.

Three patients died because of infections, and one
because of cachexia. The remaining were six sudden
deaths, presumably from cardiac origin, two myo-
cardial infarctions, three cerebrovascular strokes, and
one mesenteric ischemia, which means that 60% of
deaths were from cardiovascular origin. In four pa-
tients, the cause of death was related to lower limbs
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Table II. Factors related to amputation in diabetics

Amputated Non-amputated
N = 11 N = 91 p

Time on dialysis (*) 9.4 ± 8.4 31.3 ± 29 = 0.0001
Creatinine (mg/dl) 6.01 ± 1.6 7.64 ± 2.1 = 0.016
PTH (pg/ml) 102.6 ± 62.3 262.5 ± 289.5 = 0.0001
Cholesterol (mg/dl) 239 ± 82 196 ± 63 = 0.047
Myocardial infarction 4 (36.4%) 7 (7.7%) = 0.004
Ischemic stroke 4 (36.4%) 4 (4.4%) = 0.0001

(*) months until the first amputation or until exit from dialysis.

Table III. Factors related to amputation in non-diabe-
tics

Amputated Non-amputated
N = 9 N = 405 p

Age (years) 67.8 ± 9.3 57.8 ± 18 = 0.013
Gender 8 H (88.9%) 226 H (55.8%) = 0.048
Time on dialysis (*) 71.5 ± 44 41.6 ± 37 = 0.019
Creatinine (mg/dL) 10.8 ± 3.3 8.9 ± 2.3 = 0.017
Smoker 8 (88.9%) 161 (39.8%) = 0.003

(*) months until the first amputation or until exit from dialysis.

Table IV. Factors related to amputation. Multivariate
analysis

Odds Ratio 95% CI p

Diabetes 5.92 2-15.9 = 0.0001
Myocardial infarction 7.2 2.1-24.7 = 0.002
Ischemic stroke 4.8 1.3-17.4 = 0.015

Fig. 1.—Kaplan-Meier survival
curves: amputated patients,
diabetics and non-diabetics. x-
x amputated patients.
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gangrene, in two cases of the contralateral limb to
the amputated one.

DISCUSSION

The results from the present study show a high in-
cidence of lower limb amputation for non-traumatic
causes in a large sample of patients on hemodialy-
sis with similar characteristics to those in the Spa-
nish dialysis population10, in whom a prolonged fo-
llow-up has been performed. 

Although high, this incidence rate is 4.5 times
lower than that observed by Eggers et al. in dialysis
patients in the U.S. Medicare Program, which rates
raises to 4.9 amputations/100 patients, 13.8/100 dia-
betics6. This recent study by Eggers provides useful
information since it quantitates the problem in US
patients on replacement therapy. However, according
to our data, these data are not inferable to the Spa-
nish population on dialysis. 

Variability in the lower limb amputation rate de-
pending on geographical location and race is known
in the general population, being the highest in North
America and some communities in Northern Euro-
pe, and the lowest in Southern Europe and Asia.1-3

The rate of 24.95 amputations per 100,000 popula-
tion in the USA11 contrasts with the 2.8 per 100,000
population rate in Spain1,12. This is coherent with the
known lower incidence of coronary heart disease,
and cardiovascular disease in general, in the Medi-
terranean population. Dietary habits7, variations in
risk factors such as diabetes prevalence, race, ciga-
rette smoking8, and other factors9, have been impli-
cated in these variations.

To date, there are no studies that have analyzed
lower limb amputation in dialysis patients in Euro-
pe. Our results confirm that, although the risk for
amputation is high for dialysis patients, the low am-
putation incidence in the general Spanish population
is applicable to the dialysis population.

Risk factors related with amputation in our study
have been the already known both in the general
population and in dialysis patients: diabetes, advan-
ced age, male gender, smoking, hypercholesterole-
mia, and a history of a previous cardiovascular
event4,13. In American patients on dialysis, a high
prevalence of cardiovascular risk factors has been
observed with a remarkable variability in their dis-
tribution with regards to ethnic factors, as compared
to the European Community14,15.

In our analysis, diabetes increased the risk for am-
putation, although in a lower proportion than in the
general population16,17. Although this lower risk in-
crease has been previously observed6, a sub-analy-

sis of amputation in diabetics confirms the 3.3 lower
incidence than the one in the dialysis diabetic po-
pulation in the USA. This may suggest that factors
other than the lower diabetes prevalence in dialysis
patients in Spain account for the lower amputation
incidence.

In diabetic patients, amputation was performed
within the first 30 months since dialysis beginning.
Amputation within early stages of replacement the-
rapy, with the highest incidence within the first year,
has been previously reported, with no clear expla-
nation for this fact18,19. Although peripheral arterial
disease is more prevalent in diabetics20, amputation
is more related to microangiopathy21. However, the
greater microangiopathy prevalence in these patients
may have been determinant for amputation, besides
other cardiovascular events. In our study, 45% of am-
putates diabetics vs 11% of non-amputated diabetics
had had a previous cardiovascular event. Besides,
82% of amputated vs 49% of non-amputated patients
died from cardiovascular causes (data not shown).
These results indicate the high prevalence of car-
diovascular disease in the amputated diabetic pa-
tient, the higher incidence of cardiovascular events,
including lower limb occlusive arterial disease, and
the lower survival. This could explain, in part, that
amputation occurs at the early stages of dialysis tre-
atment. 

Together with diabetes, other factors such as pre-
vious myocardial infarction and cerebrovascular stro-
ke were independently associated to the risk of am-
putation on dialysis. The association between
peripheral arterial disease and coronary heart disea-
se and cerebrovascular disease is well known not
only in the general population, in which 40% of pa-
tients with intermittent claudication have coronary
heart disease22, but also in patients with chronic
renal failure, with a similar proportion23,24.

While considering incident patients on hemo-
dialysis with a prolonged follow-up period, our study
allows the observation of an association between
mortality and amputation in the diabetic patient, as
it occurs in the general population25. Although this
fact might be guessed, this association has not been
shown in other studies of patients on dialysis with a
cross-sectional design that has hampered the obser-
vation of patients with a shorter survival such as dia-
betics14. 

After the first amputation, survival was short for all
patients, similarly to what has been described26,27.
Some studies have shown a shorter survival after the
first major amputation19 and others have observed a
discrete longer survival in diabetics, attributed in part
to the greater rate of minor amputations in diabetic
patients6. In our study, survival after the first ampu-
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tation was similar in diabetics and non-diabetics, and
for whatever amputation level. This confirms that it
is the generalized atherosclerotic condition, and not
local factors, what determines survival in the ampu-
tated patient. Only 20% of our patients died of cau-
ses attributable to critical lower limb ischemia. This
is in agreement to what has been observed in the
general population where death is rarely a direct out-
come of peripheral arterial disease5,28.

In summary, our results show a high incidence
of lower limb amputation for non-traumatic causes
in patients on hemodialysis. Known risk factors
such as diabetes and previous cardiovascular
events condition amputation. It is necessary to con-
sider a greater use of therapies of known efficacy
in the general population29,30, although the risk-be-
nefit ratio of these therapies in chronic renal fai-
lure is not well established so far31-34. Although the
amputation rate found is high, it is considerably
lower than that of the US dialysis population, the
only reference currently. The known differences in
the general population are also applicable to the
dialysis population, although the lower prevalence
of some risk factors does not seem to explain this
difference.
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