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Abstract The prevalence of diabetes has been increasing at
an alarming rate worldwide. Treatment of diabetes-related
complications adds a huge financial burden on our health
services, made worse in the current financial climate. The
Eurodiale (European Study Group on Diabetes and the
Lower Extremity) study was a prospective observational
study conducted in 14 European centers in 2003 to 2004
and included data on characteristics of diabetic patients
with foot ulcers, diagnostic and management procedures,
health care organization, quality of life, and resource use.
This was the first large multicenter study, included 1232
patients, and used an integrated approach for a multiorgan
disease. The study has provided new insights into the
intricacies involved in managing diabetic foot ulcers and
how care can be improved. It has shown the differences in
quality of care provided in different centers and also
highlighted the need for more specific guidance related to
diabetic foot disease.
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Introduction

Diabetes and its complications continue to be a major
burden on health services. The International Diabetes
Federation reports close to 4 million deaths in the 20- to
79-year age group may be attributable to diabetes in 2010,
accounting for 6.8% of global all-cause mortality in this age
group [1]. It also predicts that by the year 2030 nearly 438
million people will be affected with diabetes. Foot disease
affects approximately 15% of people with diabetes, and
besides the economic and social burden, has a major
negative impact on quality of life [2]. It can lead to
recurrent infection, osteomyelitis, and gangrene and
remains a major cause of hospital admissions and non-
traumatic lower extremity amputations [3, 4]. Despite
advances in foot care and increased awareness among
people and health care staff, the lifetime risk of developing
a foot ulcer remains as high as 25% [5]. In the United
Kingdom, Vamos et al. [6•] have reported a doubling in the
incidence of both minor and major amputations in people
with type 2 diabetes during a 10-year period between 1996
and 2005.

Diabetic foot disease is a heterogeneous condition with
diabetic polyneuropathy, peripheral arterial disease (PAD),
infection, and comorbidities affecting the course and
outcome to a various extent [7–14]. Several studies have
identified gender, age, ulcer size and duration, and presence
of PAD as the main determinants of outcome [8, 10, 12,
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15–18]. However, striking differences are present in patient
characteristics of the studied cohorts and wide variations in
the definitions of PAD, infection, wound staging, and
quality-of-life assessments. In addition, referral patterns,
management policies, organizational setups, and resource
utilization also differ widely in different centers [19].

There have been few prospective studies about the
outcome and predictors of outcome in patients with diabetic
foot ulcers. Earlier single-center studies reported healing
rates between 57% to 93%, rates of major amputation
between 3% to 5%, and minor amputation rates between
5% to 40% depending on the population studied [8, 10, 18,
20]. Diabetic foot ulcer treatment is complex and results are
very likely to be dependent on the knowledge, skills,
attitudes, and available resources of the health care
professionals involved. Most of the earlier studies have
been performed in centers with foot clinics run by
podiatrists with a focus on neuropathic ulcers. The quality
of organization of care has a large influence on outcome, as
the introduction of a multidisciplinary team approach is
associated with a reduction in total amputations by 40%
and major amputations by 62% [21•]. International guide-
lines have been produced that describe optimal manage-
ment of diabetic foot ulcers; if these guidelines are
implemented effectively, this would facilitate the compar-
isons between centers for quality control and the pooling of
their data for scientific research.

The costs for treating diabetes foot ulcers are substantial,
with the highest costs being associated with amputations
[22–27]. In view of the increasing incidence of diabetes and
limited resources it is important to prioritize health care
expenditure and identify determinants of costs involved in
treating diabetic foot ulcers.

The Eurodiale (European Study Group on Diabetes and
the Lower Extremity) study was the first comprehensive
study that provided insights not only into the etiology,
management, and outcome of diabetic foot ulcers but also
used a holistic approach in which the patient was seen as
suffering from a multiorgan disease and in addition also
health care organizational aspects were taken into account,
resulting in a unique data set. All centers followed the same
management protocol, based on the International Guide-
lines on the Diabetic Foot. The study objectives were to
determine the major factors determining clinical outcome
and outcome in terms of health-related quality of life,
resource utilization, health care organizations, and their
interrelationships.

The Eurodiale Study

The Eurodiale study is a collaborative, multidisciplinary
network of 14 centers from 10 countries. The study was a

prospective cohort study conducted between 2003 and 2004
and included 1232 consecutive patients with diabetes and a
new foot ulcer. Much effort was given to ensure the most
optimal standardized data collection. The study protocol
was developed during several plenary meetings by the
participating centers and subsequently a study manual,
describing all the standard operating procedures in each
language, was developed and all staff involved in the
project was trained during plenary meetings as well as site
visits. Predefined end points were healing of the ulcer,
major amputation, death, or nonhealing after 1 year.
Patients were followed until the end point or for a
maximum of 1 year. Subjects were followed up monthly
and data were recorded on standardized case record forms
by trained investigators. The main findings of the study and
its implications for diabetes foot care are discussed below
[19, 28–30, 31•, 32]. Figure 1 is the schematic representa-
tion of factors affecting the treatment outcomes of diabetic
foot ulcers.

Patient Characteristics

The general patient characteristics were similar in all
centers [28]. The typical patient was an elderly male with
a poor health status who was dependent on the help of
others. The mean age of subjects was 65 years and 70% had
been diagnosed to have diabetes for over 10 years. Sixty-
three percent were referred either by their general practi-
tioners or were self-referrals and 27% of the subjects were
hospital in-patients at the time of inclusion. Almost one
third had a disabling comorbidity such as severe visual
impairment, heart failure or angina (New York Heart
Association classification III or IV), end-stage renal failure
(requiring renal replacement therapy), or poor mobility.
Sixty percent of the subjects were unable to self-care and
needed help from a partner or relative for daily personal
care. Sixty-four percent were retired and 18% were
unemployed. Patients who had PAD were older, with 71%
being greater than 70 years, and 60% had a disabling

Fig. 1 Model depicting schematic representation of factors affecting
the treatment outcomes of diabetic foot ulcers. (Adapted from
Prompers et al. [19])
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comorbidity. Twelve percent of all patients had severe limb
ischemia, defined as ankle-brachial pressure index (ABPI)
less than 0.5. Table 1 shows the baseline characteristics of
the patients, the leg, and the ulcers.

Assessment of the Affected Leg

All subjects underwent a standardized examination based
on the PEDIS system, which classifies foot ulcers according
to perfusion, extent, depth, infections, and sensation [33,
34]. Vascular assessment was performed by measuring
ABPI in the first instance. Foot ulcers were categorized into
four stages according to presence or absence of infection
and PAD (Table 2) [28]. Peripheral neuropathy and PAD
were present in 86% and 49% of the patients, respectively.
However, the occurrence of PAD may have been under-
estimated because 32% of the ABPIs were greater than 1.2
and were therefore unreliable.

Ulcer Characteristics

More than half of the ulcers were nonplantar and the most
frequent ulcer site was the dorsal or interdigital areas of the
toes [28]. The “classic” plantar forefoot or midfoot ulcer was
present in only a relative small number of patients (22%).
Forty-five percent of the patients had deep ulcers extending
into tissue below subcutis and involving tendons, muscle, or
bone. Ulcer size was between 1 and 5 cm2 in 52% of
patients, with 11% having an ulcer greater than 5 cm2.
Duration of ulcer was less than 1 week in 16%, 1 week to
3 months in 57%, and greater than 3 months in 27%. Fifty-
eight percent of the ulcers were infected at first presentation
and infection was more common in hospital in-patients and
those with PAD. Both infection and PAD coexisted in 31%
and disease severity was worse in older patients with severe
comorbidities. Table 1 also shows patients’ baseline charac-
teristics according to their PAD status.

Table 1 Baseline characteristics of participants on inclusion and based on PAD status

Variable Included (n=1088) Patients with PAD (n=505) Patients without PAD (n=558)

Age, y 64.7±12.5 69.1±11.2 60.5±12.3

Male sex, n (%)a 703 (64.6) 321 (65.6) 366 (63.6)

Duration of diabetes, n (%)a

< 5 years 148 (14.1) 63 (12.9) 80 (14.9)

5–10 years 169 (16.1) 72 (14.7) 93 (17.4)

> 10 years 731 (69.8) 354 (72.4) 363 (67.7)

Deep ulcer, n (%)a 476 (43.8) 266 (52.7) 200 (35.8)

Size of ulcer, n (%)a

<1 cm2 403 (37.2) 173 (34.4) 219 (39.5)

1–5 cm2 563 (52.0) 259 (51.5) 294 (53.0)

>5 cm2 117 (10.8) 71 (14.2) 42 (7.5)

Duration of ulcer, n (%)a

<1 week 184 (17.0) 58 (11.5) 120 (21.7)

1 week to 3 months 627 (58.1) 296 (58.0) 318 (57.5)

>3 months 269 (24.9) 148 (29.5) 115 (20.8)

Plantar location, n (%)a 493 (48.2) 197 (40.9) 284 (55.0)

Pretibial edema, n (%)a 197 (18.2) 111 (22.0) 83 (14.9)

Heart failure NYHA III-IV, n (%)a 117 (10.9) 64 (12.7) 47 (8.5)

Neurologic disorder, n (%)a 70 (6.5) 40 (8.0) 27 (4.9)

Inability to stand or walk without help, n (%)a 107 (9.9) 65 (12.9) 36 (6.5)

Visual impairment, n (%)a 164 (15.3) 89 (17.9) 66 (12.0)

ESRD, n (%)a 63 (5.8) 35 (7.0) 25 (4.5)

Polyneuropathy, n (%)a 826 (78.5) 383 (77.2) 424 (79.3)

Infection, n (%)a 591 (57.2) 293 (60.9) 282 (53.4)

PAD, n (%)a 505 (47.5)

a Percentages may not sum to 100 due to missing data.

ESRD end-stage renal disease; NYHA New York Heart Association; PAD peripheral arterial disease.

(Data from Prompers et al. [31•].)
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Management Strategies

The management strategies in the study focused on three
domains [29]: referrals, off-loading, and revascularization,
because international guidelines stress the importance of
these aspects of diabetic foot care.

Referrals

Almost half of the patients (44%) had been treated in
primary care for their ulcer; 27% of the patients had been
treated in primary care for greater than 3 months before
being referred to the participating foot clinic. The general
practitioner was involved in 35%, whereas 12% were
looked after by the podiatrist. The majority of these had a
neuroischemic ulcer (55%). The percentage of patients with
late referrals varied considerably between centers and
countries (6–55%).

Off-loading

Only 41% of the patients had been treated with off-loading
prior to referral and in half of these patients off-loading was
considered inadequate. Thus, at study entry 77% of the
patients had no or inadequate off-loading. Similar high rates
of inadequate or no off-loading were observed even in
patients with ulcer duration of greater than 3 months. After
study entry, 78% of the patients received some form of off-
loading. In the subgroup of patients with a neuropathic
plantar forefoot or midfoot ulcer (n=139), a total contact
cast, the gold standard in treating these ulcers, or another
casting modality was prescribed in only 35%; most of the
plantar ulcers were treated with temporary foot wear. There
was a significant difference in the use of casting between
countries, ranging from 0% to 68%, and wide variation
between centers in the same country.

Vascular Assessments

Differences in vascular imaging and interventions were also
noted in different centers and countries. At the point of
study entry, only 53% of the patients with neuroischemic

ulcers of greater than 3 months duration had undergone
previous vascular investigations, with a significantly lower
percentage in those treated in primary care. During follow-
up almost all patients with PAD underwent functional
vascular assessment (transcutaneous oxygen pressure, ankle
pressure, and/or toe pressure) as part of their diagnostic
workup. In patients who did not heal after a follow-up
period of 1 year or patients who underwent a major
amputation (n=181), vascular imaging was performed in
only 40%, even though guidelines recommend that vascular
imaging should be performed in all patients except those
without a functional leg. Moreover, a marked difference
was noted in the use of vascular imaging in patients with
severe limb ischemia between countries and between
centers in the same country, ranging from 14% to 86%. A
revascularization procedure was performed in only 43% of
patients with severe limb ischemia. Again, as in the use of
casting techniques, personal beliefs of the health care
professionals involved were one of the reasons not to
perform vascular imaging and subsequent revascularization
in these patients. Infection and ischemic rest pain were
independent predictors for use of vascular imaging in
patients with severe limb ischemia, nonhealing ulcers, or
who underwent a major amputation.

Health Care Organization

Marked differences were observed in health care organiza-
tion in different centers and countries [28, 29]. Several
barriers to delivery of optimal care were identified
including referral patterns, available facilities, beliefs of
the staff and patients, and reimbursement policies. This
occurred despite the availability of guidance on early
referrals, off-loading of the ulcer, restoration of skin
perfusion, and aggressive treatment of infection.

Resource Utilizations

There was a large difference in resource use between
individual patients depending on the severity of the disease
including presence or absence of infection and PAD [30].
Patients were divided into four groups to evaluate this
further: Group A without infection or PAD; Group B with
infection and no PAD; Group C with PAD and no infection;
and Group D with both infection and PAD. The costs of
hospitalization and antibiotics represented a large part of
the total direct costs. In patients with the most severe
disease, in which both infection and PAD (group D) was
present, average total costs were four times higher than
those without infection and PAD (Group A). The total
direct and indirect cost per patient in Group A was 4504
Euros, whereas for Group D it was 16,835 Euros. The
percentage of patients admitted to hospital varied between

Table 2 Classification of foot disease

Stage Definition Patients (N) Study population (%)

A PAD- Infection - 270 24

B PAD- Infection+ 305 27

C PAD + Infection- 205 18

D PAD + Infection+ 347 31

PAD peripheral arterial disease.

(Data from Prompers et al. [28].)
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22% in the group with the least severe disease (Group A)
and 67% in the group with both infection and PAD (Group
D). The resources associated with high costs were hospi-
talization, antibiotics, major amputation, and “other”
interventions. The maximum cost was for patients who
underwent major amputation (25,222 Euros per patient).
The costs of diagnostic procedures, investigations, off-
loading, and orthopedic appliances were low in all groups,
irrespective of disease severity or outcome (Fig. 2).

Outcome

The healing rate of the foot ulcers for the total population was
relatively favorable, with 77% healing (with or without minor
amputation) during the follow-up of 1 year [31•, 32]. Five
percent underwent a major amputation and 6% died before
the ulcer was healed. Eighteen percent of the patients
underwent a minor amputation, with 55% having toe
amputations, 34% having ray amputations, and 11% having
midfoot amputation. Results were better in patients with only
neuropathy compared with patients who also had PAD and
infection (Group D), with almost 50% of the patients having
an amputation in this group. Minor amputations had no
effect on the healing rates. Independent baseline predictors
of nonhealing in the whole study population were older age,
male sex, heart failure, the inability to stand or walk without
help, end-stage renal disease, larger ulcer size, peripheral
neuropathy, and PAD. There was an interaction between
infection and PAD, as infection in patients with PAD was a
predictor of poorer outcome, defined as nonhealing, major

amputation, or death. Marked differences were observed in
outcomes between centers with minor amputation rates
varying widely from 2.4% to 34%.

Discussion

The results of the Eurodiale study have highlighted several
important aspects in the current management of diabetic
foot ulcers. A larger proportion of patients (31%) had
severe disease, with both infection and PAD (Group D),
than previously reported, and predictors of healing differed
between patients with and without PAD. Important differ-
ences in resource use and costs were noted between
different patient groups and are dependent on the presence
of infection, PAD, comorbidities, and the need for
hospitalization, antibiotics, and amputation.

Diabetic foot disease has traditionally been linked to
peripheral neuropathy with ischemic ulcers being consid-
ered as a separate and relatively rare disease entity. Several
observational studies have highlighted the multifactorial
etiology of diabetic foot ulcers. Although most patients
with foot ulcers have peripheral neuropathy, various studies
have reported a prevalence of PAD ranging between 10% to
60% [9–13]. Almost one half of the patients had coexistent
PAD in the Eurodiale study [28]. However, a wide variation
was noted between centers (22% to 73%), which could be
related to differences in the prevalence of PAD itself or
could be a reflection in differences in health care
organization and referral patterns as the majority of the
neuropathic ulcers are generally managed in the communi-
ty. Data from the Framingham Heart Study showed that
20% of symptomatic patients with PAD had diabetes,
probably underestimating the prevalence as many more
people are asymptomatic [35]. There are several problems
in diagnosing PAD in people with diabetes because most
patients are asymptomatic, often do not report symptoms,
have coexistent peripheral neuropathy with blunted pain
perception, and there is a lack of uniformly agreed
screening modalities [36]. PAD tends to be more diffuse
and peripheral in diabetic patients compared with other
high-risk groups resulting in delayed diagnosis and late
presentation with advanced disease [37–39].

The Eurodiale study has highlighted the differences in
patient, foot, and ulcer characteristics that exist between
patients with and without PAD. Significantly worse healing
rates, major amputation and mortality rates were reported in
patients who had coexistent PAD. One of the conclusions of
the Eurodiale project is that the prevalence of PAD in
diabetic foot ulceration is high and patients with and
without PAD should be defined as two separate disease
states because the management strategy, outcome, and
predictors of outcome for the two conditions differ.Fig. 2 Costs related to disease severity and resources used
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Measurement of the ABPI in diabetic patients is not a
reliable indicator of PAD because a falsely elevated
ABPI can result from calcified and therefore noncom-
pressible lower limb arteries. The use of other more
sensitive diagnostic techniques would have probably
revealed an even higher prevalence of PAD in the study
cohort. The management of PAD in diabetic foot disease
remains complex and there is no guidance to suggest at
what degree of peripheral ischemia should an interven-
tion be considered and is cost effective, and which
procedure—bypass or endovascular intervention—should
be performed [40]. The underuse of vascular imaging and
interventions was related to the previous major amputa-
tions with a nonfunctional leg, spontaneous healing of the
ulcer, poor health status of the patient, and professional
beliefs. Despite the technical difficulties encountered due
to distal localization, rendering any intervention impossi-
ble at times, the results of surgery are comparable with
nondiabetic individuals and below-knee angioplasty and/
or recanalization are increasingly being introduced with
favorable results [20, 40]. Faglia et al. [41] demonstrated
that percutaneous transluminal angioplasty is feasible,
safe, and effective for limb salvage in a high percentage
of diabetic patients, with clinical restenosis being an
infrequent event and that it could be successfully repeated
in most cases. Therefore, it is prudent that all patients
should undergo vascular imaging and that revasculariza-
tion should always be considered prior to amputation. We
found that personal beliefs of the health care professionals
resulted in suboptimal care, and in some centers motivat-
ing vascular surgeons was a challenge. Many patients also
underwent an amputation without a prior angiogram,
which is in contradiction to current guidelines. However,
once an angiogram was performed most patients had a
revascularization procedure, suggesting that surgeons were
not reluctant to perform possible interventions in diabetic
patients.

The Eurodiale study has also stressed the importance of
infection as 58% of the ulcers were infected at the time of
presentation. Earlier studies have reported infection rates of
35% to 50% [10, 12]. Patients with a combination of PAD
and infection have the worst prognosis, with a much higher
risk of undergoing a midfoot or higher amputation and
significantly reduced likelihood of ulcer healing [12, 42].
There is now substantial evidence to indicate that the ulcer
and patient characteristics vary significantly between
patients with or without PAD and infection. Patients in
the high-risk group, with presence of both PAD and
infection, are older, more frail, have serious comorbidity,
and the ulcers are usually non-plantar, deeper, and larger
with more extensive tissue loss. The presence of infection
emerged as an independent predictor of poor healing only
in patients with PAD.

Wide variations exist in the treatment of infected ulcers
in different centers depending on local diagnostic facilities
and antibiotic policies. The management is further com-
pounded by the presence of PAD because penetration of
antibiotics is poorer in patients with PAD [43]. It is
important to diagnose high-risk individuals and take early
measures so that the development of ulceration is avoided.
Health care staff need to adopt a multidisciplinary team
approach to achieve this and early involvement of special-
ists including diabetologists, vascular surgeons, microbiol-
ogists, and podiatrists can significantly reduce the health
care costs, prevent the development of ulcers, promote
healing, and avoid hospital admissions and amputations.
The caregivers should be able to adapt the management
strategies and allocate greater resources to manage patients
with more severe disease.

Despite the fact that all centers used protocols based on
current guidelines, there were marked differences in
management in terms of early referrals, use of casting and
off-loading, vascular assessments, and interventions be-
tween centers and countries. These differences occurred
despite the expertise and facilities available in the partici-
pating centers, and reflect a gap between the recommended
guidance and everyday clinical practice.

Late referrals to secondary care are a reflection of poor
awareness of prompt institution of care, lack of clear
referral guidelines, and financial constraints. Retrospective
surveys revealed that the use of casts was dependent on
local reimbursement policies, availability of trained staff,
and beliefs of patients and health care staff. The benefits of
casts in promoting healing of ulcers are well established
and underuse of this treatment modality cannot be justified.
The use of these techniques should be promoted with
adequate training of staff and free accessibility to all
patients.

Resource utilization and costs varied between the
different outcome groups and between individuals depend-
ing on the severity of disease, particularly presence or
absence of PAD and infection. It is difficult to compare the
data obtained from the Eurodiale study with other published
data because most of these were obtained from single
centers [22, 23, 25, 26, 44]. In the Eurodiale study, costing
data were derived from several countries, including both
low- and high-cost countries, and weighted by purchasing
power standards to compensate for the differences between
countries. These data have demonstrated that treatment of
diabetic foot disease is a major determinant of diabetes-
related resource utilization and costs in Europe. The costs
of treatment were significantly higher in patients with
coexistent PAD, due to higher rates of hospitalization, and
higher costs of antibiotics, amputations, revascularization,
and other surgery. In an earlier study by one of the
members of the Eurodiale consortium the costs for anti-

Curr Diab Rep



biotics were markedly lower [24]. This increase in costs
could be in part related to the rise of multiresistant
microorganisms resulting in the use of expensive broad-
spectrum antibiotics. Conversely, a recent French study has
shown that strict implementation of the Guidelines of the
International Working Group on the Diabetic Foot can
result in a major reduction of the costs related to infection
[45•]. Similar differences were noted between patients with
and without PAD and/or infection in a recent retrospective
Austrian study, although the costs for the group with both
PAD and infection were less than 50% of those of the same
group in the Eurodiale cohort [22]. This could be a
reflection of the differences in costing between the studies.
Differences also exist in costs related to antibiotics use, and
amputations between the Eurodiale and other studies [23,
24, 27]. These could possibly be explained by differences
in inclusion criteria, duration of follow-up, division of costs
(minor amputations being grouped separately), and use of
different antibiotics for varying periods. Overall, our
costing data help to target resources for future develop-
ments, and future research should be in particular focused
on improving outcome of the patients with PAD and
infection.

This study showed that minor amputation is quite
frequently performed in Europe, with 1 in 5 patients with
diabetic foot ulcers undergoing minor amputation. Minor
amputations were much higher in patients with severe
disease in which both PAD and infection were present. The
presence of comorbidities was a predictor of poor outcome
(ie, major amputation, nonhealing, or death). Interestingly,
presence of comorbidities was not associated with a higher
rate of minor amputation. This could be due to differences
in pathways to minor and major amputations or avoidance
of minor amputations due to poor physical health or
reduced life expectancy in these patients.

Conclusions

The Eurodiale study has highlighted several issues regard-
ing the management of diabetic foot disease. Despite the
differences in disease severity on presentation, which can
be modified only by preventive measures in the community,
there is a vast scope for improving the outcome of patients
with diabetic foot ulcers. The data has shown that treatment
of diabetic foot disease is not in line with current
recommendations indicating that the current guidelines
might be too generalized. Patients with both PAD and
infection need to be identified early because this group of
patients has the highest costs and poorest outcome. Prompt
referrals, treatment strategies including antibiotics, off-
loading, and vascular interventions, and better use of
resources will promote ulcer healing, reduce hospitaliza-

tion, and obviate the need for amputations, especially major
amputations. Health care organizational barriers, including
personal beliefs of patients and treating physicians, insur-
ance and reimbursement policies, need to be addressed
because these are a hindrance to the delivery of optimal
care. Development of strategies and guidance that will
facilitate the delivery of these goals should be one of the
main priorities in diabetic foot care.
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