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←←←←← Background: A multidisciplinary approach has been
shown to be of benefit in the prevention of lower limb
ulceration and amputation in patients with diabetes, but
there is less information on the role of such an approach
in patients receiving dialysis treatment.
←←←←← Objective: The purpose of the present study was to
determine whether the institution of a chiropody program
would result in fewer amputations in diabetic patients
on peritoneal dialysis (PD).
←←←←← Design: Retrospective chart review.
←←←←← Setting: The PD program at a tertiary-care hospital.
←←←←← Patients: Patients with diabetes that were enrolled in
the PD program between January 1997 and December
1999, inclusive, that were offered the opportunity to see
a chiropodist, and that agreed to be seen. A total of
132 patients were included.
←←←←← Intervention: Education about foot care, assessment,
and, in some instances, treatment by a chiropodist.
←←←←← Results: Patients with an amputation were more likely
to be male (p < 0.01) and have peripheral vascular dis-
ease (p < 0.001) compared to those without an amputa-
tion. They also had a lower average mean arterial
pressure (p < 0.05), lower weekly creatinine clearance
(p < 0.01), higher mean erythropoietin dose (p < 0.05),
and longer duration of end-stage renal disease (p <
0.001). Factors that were predictive of shorter time to
death or amputation were older age [hazard ratio (HR) =
1.03, p < 0.05], peripheral vascular disease (HR = 2.66,
p < 0.01), and cerebrovascular disease (HR = 2.70, p <
0.01). Being seen by a chiropodist was protective (HR =
0.39, p < 0.01).
←←←←← Conclusion: The current study suggests that a chi-
ropody program may help to prevent amputation in pa-
tients with diabetes on PD.
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Diabetes is common among patients with end-
stage renal disease (ESRD) (1). Patients with dia-

betes are at risk of foot problems, such as ulceration,
that may progress to the point of requiring amputa-
tion. The lifetime rate of amputation in patients with
diabetes is about 15% in Europe and the United States
(2). Amputations are associated with morbidity, im-
paired mobility, and increased mortality (2,3).

There are few published studies looking at the re-
lationship between foot ulcers and amputation in di-
alysis patients with diabetes. Eggers et al. (3) provide
descriptive information on the rate of lower limb
amputation in people with ESRD covered by the Medi-
care program in the United States. The rate of ampu-
tation among patients on dialysis whose renal failure
was felt to be secondary to diabetes was 11.8 per
100 person-years in 1991 and 13.8 per 100 person-
years in 1994 (3). The amputation rate for dialysis
patients without diabetes was about one-fifth the rate
for patients with diabetes (3). Survival at 30 days
postamputation was 88.9%, at 1 year 49.3%, and at
2 years 32.7% (3). Patients with diabetes had better
survival than other ESRD patients, possibly related
in part to lower anatomical levels of amputation (3).
In 1996, Hill et al. (4) published a cross-sectional
prevalence study looking at the risk of foot complica-
tions in patients with diabetes with and without
ESRD. There were 132 patients with diabetes, 72 of
who were on dialysis. The prevalence of foot compli-
cations, defined as current ulcer, infection, gangrene,
or amputation, was greater in the group on dialysis
(25%) compared to the group without ESRD (10%).
The prevalence of amputation was 11% in the ESRD
group, compared with 4% in the group without ESRD.
In a multivariate model, ESRD was a predictor of foot
complications, but gender, age, smoking, and neur-
opathy were not. The study was limited by a low re-
sponse rate and possible differences between the
populations from which the patients were drawn (4).

As an alternative to amputation, revascularization
surgery in dialysis patients with diabetes is compli-
cated by calcification in blood vessels and extensive
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disease (5). Korn et al. (5) retrospectively reviewed
results of lower extremity revascularization in pa-
tients with ESRD. They found that the cumulative
primary patency rate was 65% and the secondary
patency rate 79% at 2 years. Patient survival was 47%
at 2 years (5). Overall, the literature is controversial
in terms of recommendations for amputation or
revascularization for patients with ESRD (5,6).

Several studies have looked at prevention of foot ul-
ceration and amputation in patients with diabetes and
a multidisciplinary approach has been shown to be of
benefit (2,3,7–11). One study showed that regular multi-
disciplinary foot care in patients with diabetes and renal
transplant decreased gangrene and major amputations
(3,10). There is less information about such an approach
in patients with diabetes on dialysis.

The purpose of the present study was to document
the effect of the institution of a chiropody program
on the rate of amputation in patients with diabetes
in the peritoneal dialysis (PD) program at the Uni-
versity Health Network, and to explore which demo-
graphic factors, comorbidities, and other patient
characteristics were related to risk of amputation.

METHODS

Data were collected on all patients that had diabe-
tes and were in the PD program at the University
Health Network, with clinic visits between January
1997 and December 1999, inclusive. Patients were
excluded if the diabetes was diagnosed more than
1 month after the start of the period of observation.

From January to December 1998, a chiropodist was
present on site weekly during the clinic day, provid-
ing assessment and education about foot care to pa-
tients with diabetes. If foot care was required, patients
were referred to another chiropody clinic. In 1999, the
chiropodist provided on-site foot care as well as as-
sessment and teaching. In January 2000, the chiropo-
dist was removed from the clinic for financial/
budgetary reasons. From 1998 to 1999, patients with
diabetes were offered the chance to see the chiropo-
dist after their regular clinic visit, but not all agreed
to be seen. In addition, some patients were seen by a
chiropodist outside the clinic program during the
study period.

The patients’ charts were reviewed for information
about diabetic foot problems. The information ob-
tained included whether or not there was a foot prob-
lem and what the eventual outcome was. A serious
foot problem was defined as any of the following:
ulcers, necrotic or gangrenous tissue, osteomyelitis,
open or oozing wounds secondary to trauma, pus
drainage or collections, and open blisters or scabs re-
quiring dressings. The charts were also reviewed for
the following information: demographic factors (age,

gender, race, height, weight), ESRD information (du-
ration and cause of ESRD), details of diabetes his-
tory (type of diabetes, duration, treatment, control,
retinopathy, neuropathy), vascular disease history
(coronary artery disease, peripheral vascular disease,
cerebrovascular disease), vascular risk factors (smok-
ing, hypertension, lipids), and whether a patient was
still in the PD program at the end of 1999, and if not,
the reason why (death, hemodialysis, transplant). In
patients with a failed transplant, the cause of ESRD
was recorded as the initial cause of ESRD prior to
the transplantation. Other data collected included
total weekly Kt/V and creatinine clearance, serum
albumin, erythropoietin (EPO) dose, and hemoglobin.
Determination of the presence of a history of cere-
brovascular disease, coronary artery disease, periph-
eral vascular disease, retinopathy, peripheral
neuropathy, and autonomic neuropathy was based on
clinical criteria, which are summarized in Table 1.

The date of onset of ESRD was the date of PD cath-
eter insertion for patients in whom this was the first
modality used. In cases where the PD training date
was more than 4 months after catheter insertion, the
training date was recorded as the date of onset of
ESRD. If hemodialysis was the initial modality, the
first day of hemodialysis was used. Patients that had
previously had a transplant were said to have started
ESRD on the date they returned to dialysis after a
failed graft. The EPO dose was the average weekly
dose for the year, rounded to the nearest 1000 U.
Weight was the average dry weight during the fol-
low-up period. Body mass index was calculated using
the weight over the height squared. Any values in
the chart that were unintelligible were excluded.

STATISTICAL ANALYSIS

Data were analyzed using SPSS software (v. 10.0;
Chicago, Illinois, USA). Characteristics of patients that
did or did not have an amputation during all 3 years
were compared using either chi-square or t-test, de-
pending on whether a variable was categorical or con-
tinuous. Backwards-stepwise Cox regression analysis
was performed, with the outcome being time to first
amputation or death. Variables included in the model
were age, smoking, hyperlipidemia, chiropody, hyper-
tension, coronary artery disease, peripheral vascular
disease, and cerebrovascular disease. Chiropody in-
cluded being seen by either a chiropodist at the PD
clinic or a chiropodist working at another facility.

RESULTS

There were 135 patients identified with diabetes in
the University Health Network Peritoneal Dialysis
Program that had clinic visits from 1997 to 1999. Three
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of these patients were excluded because the diabetes
was diagnosed more than 1 month after the observa-
tion period began, leaving a total of 132 patients.

Sixty-nine (52%) of the 132 patients were men and
63 (48%) were women. Seventy-four patients were
white (56%), 23 (17%) Asian, 14 (11%) of East Indian
origin, 11 (8%) black, and the remainder were of other
or unknown race. The cause of ESRD was diabetes in
94 patients (71%), diabetes and hypertension in 16 pa-
tients (12%), and hypertension in 5 patients (4%). The
reasons for leaving the study were death (26% of pa-
tients), switch to hemodialysis (20%), kidney or kid-
ney and pancreas transplant (9%), and transfer to
another facility (9%). The remaining 36% of patients
were still in the study at the end of 1999. Sixty-six
patients (50%) had never smoked, 18 (14%) were cur-
rent smokers, 41 (31%) were past smokers, and 7 (5%)
had an unknown smoking history.

Characteristics of patients according to whether
they had any amputation during any of the 3 years
are shown in Tables 2 and 3. If patients with and with-
out an amputation were compared, those that had an
amputation were more likely to be male (p < 0.01)
and have peripheral vascular disease (p < 0.001). They
also had a lower average mean arterial pressure (p <
0.05), lower weekly creatinine clearance (p < 0.01),
higher mean EPO dose (p < 0.05), and longer dura-
tion of ESRD (p < 0.001). Characteristics that were
not significantly different between the two groups
included race, type of PD, type of diabetes, duration
of diabetes, smoking, insulin treatment, retinopathy,
peripheral neuropathy, autonomic neuropathy, coro-

nary artery disease, cerebrovascular disease, any vas-
cular disease, hypertension by history, hyperlipidemia
and chiropody.

Table 4 shows the trend in amputations in all
3 years for patients with serious foot problems. The
trend is suggestive of fewer serious foot problems re-
sulting in amputation in later years.

The results of the Cox regression analysis are
shown in Table 5. Factors that were predictive of
shorter time to death or amputation were older age,
peripheral vascular disease, and cerebrovascular dis-
ease. Being seen by a chiropodist was protective.

DISCUSSION

The main purpose of this study was to examine
whether a chiropody program started at a PD unit
would lower the rate of amputations in a group of
patients with diabetes. The results of the study do
suggest a benefit of a chiropody service. Regression
analysis confirmed that the provision of chiropody
services was independent of other risk factors, such
as smoking, hyperlipidemia, and the presence of other
vascular disease. As shown in Table 3, the percent-
age of patients with a serious foot problem requiring
amputation decreased each year, starting in 1998
when the chiropody program was begun. The ampu-
tation rate (patients with amputations/all patients)
was 9.0% in 1997, 8.2% in 1998, and 2.9% in 1999.
The first two values are comparable to the rates re-
ported by Eggers et al. (3), whereas the last value is
much lower, again suggesting a benefit of the

TABLE 1
Criteria Used for Determination of Clinical History of Various Diseases

Definitiona

Peripheral vascular disease History of intermittent claudication
Positive peripheral arterial Doppler or angiogram
History of peripheral vascular bypass surgery

Coronary artery disease History of coronary artery disease, angina, myocardial infarction, or
aortocoronary bypass surgery

Angiographic coronary artery disease
Positive nuclear cardiology study

Cerebrovascular disease History of stroke (unless cardioembolic)
History of transient ischemic attack (unless cardioembolic)
Carotid Doppler showing >70% stenosis in one or more arteries

Diabetic retinopathy History of diabetic retinopathy
History of laser therapy for retinopathy

Peripheral neuropathy Clinical diagnosis of peripheral neuropathy
Nerve conduction studies showing peripheral neuropathy

Autonomic neuropathy Clinical diagnosis of autonomic neuropathy
History of diabetic gastroparesis

a In each category, one criterion needed to be met.
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