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OBJECTIVE — Chronic foot ulcers are a common, severe, and expensive complication
threatening life and limb in patients with diabetes. The aim of the present study was to investigate
the effect of dalteparin on ulcer outcome in patients with diabetes, peripheral arterial occlusive
disease, and chronic foot ulcers.

RESEARCH DESIGN AND METHODS — A total of 87 patients were investigated in a
prospective, randomized, double-blind, placebo-controlled trial. Participants were randomized
to treatment with subcutaneous injection of 5,000 units dalteparin (Fragmin, Pharmacia Cor-
poration; n � 44) or an equivalent volume of physiological saline (n � 43) once daily until ulcer
healing or for a maximum of 6 months. Ulcer outcome was investigated by evaluating the
number of patients 1) who healed with intact skin; 2) in whom the study ulcer was improved,
unchanged, or impaired; or 3) who were amputated above or below the ankle level, as compared
with control subjects.

RESULTS — Two patients, one on dalteparin and one on placebo, dropped out of the study.
Ulcer outcome was significantly better (P � 0.042, two-sided �2 test for trend) in the dalteparin
group (n � 43) compared with the placebo group (n � 42). A total of 29 patients healed with
intact skin (n � 14) or decreased the ulcer area �50% (n � 15) in the dalteparin group compared
with 20 (n � 9 and 11, respectively) in the placebo group. Five patients in each group showed
impaired ulcer healing, i.e., the ulcer area increased �50%. Two patients in the dalteparin group
were amputated compared with eight in the placebo group. Time to healing with intact skin was
17 � 8 weeks in the dalteparin group compared with 16 � 7 weeks in placebo group (NS).

CONCLUSIONS — The results of the present study indicate that dalteparin improves the

outcome of chronic foot ulcers in diabetic pa-
tients with peripheral arterial occlusive
disease.
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A rapid global increase of the inci-
dence and prevalence of type 2 di-
abetes is expected, which will lead

to a high number of patients with late
diabetic complications. Of diabetic pa-
tients, 7–10% develop chronic foot ul-
cers, a severe and expensive complication
threatening life and limb (1,2). Chronic
foot ulcers are one of the most common
reasons for hospital admissions in pa-
tients with diabetes, and almost 50% of all
nontraumatic amputations are performed
in diabetic patients (3). Intact local skin
microcirculation and adequate arterial
blood supply to the ulcer area are of cru-
cial importance for the healing process
(4). In diabetic patients with peripheral
arterial occlusive disease (PAOD), the lo-
cal nutritive capillary circulation is dete-
riorated (5), to which hemorheological
disturbances might contribute. Low–
molecular weight heparin (LMWH) is a
potent antithrombotic agent with anti-
inflammatory properties. An uncontrolled
pilot study indicated that treatment with the
LMWH compound dalteparin (Fragmin;
Pharmacia) may positively influence skin
microcirculation and ulcer healing in diabe-
tes (6). The aim of the present study was to
investigate the effect of dalteparin on the
outcome of chronic foot ulcers in diabetic
patients with PAOD.

RESEARCH DESIGN AND
METHODS

Patients
From June 1997 to February 2001, 87
consecutive patients with diabetes,
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chronic foot ulcers, and PAOD were en-
rolled in the study. The patients were re-
ferrals for chronic foot ulcers to the
Department of Endocrinology and Diabe-
tology, Karolinska Hospital (n � 68); the
Department of Medicine, University Hos-
pital, Lund (n � 6); the Diabetes Center,
Sahlgrenska University Hospital, Göte-
borg (n � 7); and the Department of Med-
icine, University Hospital, Umeå (n � 6),
Sweden. The patients were randomized
within each center.

Inclusion criteria
The inclusion criteria were foot ulcer du-
ration of more than 2 months, ulcer stage
I and II according to the Wagner classifi-
cation (7), toe/arm blood pressure index
�0.6, and treatment with a daily dose of
75 mg aspirin for at least four weeks be-
fore randomization. Treatment with aspi-
rin was continued in all patients during
the whole study period.

Exclusion criteria
Exclusion criteria were vascular recon-
struction or angioplasty performed less
than 3 months before randomization, re-
nal insufficiency defined as a serum cre-
atinine level �200 �mol/l, and treatment
with anticoagulants.

Randomization
Eligible patients were randomized to
treatment with subcutaneous injections
of 0.2 ml dalteparin (Fragmin, 25,000
units/ml) or 0.2 ml physiological saline
once daily until ulcer healing, or for a
maximum of 6 months. The randomiza-
tion list was prepared by an independent
statistician by the method of computer-
generated random numbers for each
treatment. Patients in each stratum were
assigned numbers using a central strati-
fied randomization scheme designed to
provide equal numbers of patients in each
group.

Study medication
The study medications, i.e., dalteparin
(Fragmin, 25,000 units/ml) and placebo
(0.2 ml physiological saline), were kept in
the local pharmacy of each hospital and
dispensed as sealed packages containing
injections of blinded medication. The
study was double-blind, i.e., treatment
assignments were concealed from the in-
vestigators, the foot care team, and the
participants throughout the study.

Stratification
Patients were stratified for systolic toe
blood pressure (TBP) and ulcer character-
istics according to the Wagner classifica-
tion: Stratum 1: TBP �30 mmHg and
Wagner I; stratum 2: TBP �30 mmHg
and Wagner I; stratum 3: TBP �30
mmHg and Wagner II; and stratum 4:
TBP �30 mmHg and Wagner II.

Measurement of ulcer area
The ulcer area was determined in square
millimeters by multiplying the largest
width and length of the ulcer. The largest
ulcer was considered the study ulcer
when more than one ulcer was present.
The measurement was performed after re-
vision of the ulcer.

Procedures and patient care
All patients were treated as outpatients by
a foot care team consisting of a diabetolo-
gist with special interest in angiology, a
specialist diabetes nurse, a chiropodist,
and an orthotist. Consultations with spe-
cialists in infectious diseases and orthope-
dic and vascular surgery were arranged
when considered necessary. A podiatrist
documented the ulcer area at baseline and
then every fourth week. The foot ulcer
was also documented by color photo-
graphs. Peripheral neuropathy was evalu-
ated by investigation of pressure sensation
of the foot skin to a 5.07 nylon monofila-
ment (8) and by vibration sensation using
a 128-Hz tuning fork. Non–weight-
bearing protective footwear with individ-
ually fitted insoles were used by all
patients. Footwear, off-loading of the ul-
cer(s), and compliance were inspected at
each visit, and corrections were per-
formed when required. Revision of dead
and infected tissue was performed when
deemed necessary. Individualized topical
treatment and dressings were used de-
pending on the site and character of the
ulcer. Oral antibiotics were used in case of
clinical signs of infection and were chosen
according to the results of the bacterial
culture and resistance pattern. Edema for-
mation was treated with diuretics, and
metabolic control and nutrition status
were optimized when needed. Patients
were continuously evaluated for vascular
reconstruction and/or angioplasty, and
investigations with angiogram and/or ar-
terial ultrasound were performed when
considered necessary. Indications for am-
putation were progressive gangrene
and/or severe pain.

Discontinuation of study medication
Treatment with the study drug was
stopped if ulcer healing occurred with in-
tact skin, if the ulcer area increased by
�50%, or if an amputation was needed.
Treatment with the study drug was inter-
rupted if conditions occurred that in-
volved unacceptable risk with continued
treatment, as judged by the physician.

Study objective
The primary outcome was to evaluate the
effect of dalteparin on the 6-month course
of chronic foot ulcers (ulcer outcome) in
diabetic patients with PAOD, i.e., to de-
termine the number of patients 1) who
within 6 months after randomization had
healed with intact skin; 2) in whom the
study ulcer was improved, unchanged, or
impaired; or 3) who were amputated
above or below the ankle level, as com-
pared with control subjects. The defini-
tion of impaired ulcer healing was an
increase of ulcer area of �50%, whereas
improvement was a reduction of ulcer
area of �50%.

Peripheral circulation
Peripheral blood pressures were mea-
sured in the supine position after 20 min
of acclimatization. TBP was assessed by
recording the pressure (mmHg) in a min-
iature cuff (diameter: 2 cm) placed
around the base of the great toe. The TBP
was determined by evaluating the inflow
of blood distal to the cuff by laser Doppler
fluxmetry during deflation of the cuff (9).
Systolic and diastolic arm blood pressures
(mmHg) were measured by the Riva Rocci
method.

Laboratory tests
Venous blood was taken between 8:00
and 9:00 A.M. after a 10-h fast for deter-
mination of hemoglobin, leukocyte and
platelet counts, HbA1c, and serum con-
centrations of albumin, creatinine, high
sensitive C-reactive protein (hsCRP), and
serum amyloid A-antigen (S-AA). HbA1c
was analyzed by an immunoturbidimetric
method (UNIMATE 3 HbA1c, Roche Di-
agnostics), and hsCRP and S-AA were
measured using particle-enhanced im-
munonephelometric methods (BN, Dade
Behring).

Ethical considerations
The study protocol was approved by the
local ethics committee of each center and
the Swedish Medical Products Agency.
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Written informed consent was obtained
from the patients.

Statistical analysis
Continuous data, such as age, diabetes
duration, and biochemical variables, are
reported as means � SD. The Student’s t
test was used to evaluate differences in
continuous variables between groups.
The �2 test was used to compare differ-
ences in distribution of categorical vari-
ables. The �2 exact test for trend (two-
sided) was used to compare the ulcer
outcome between the dalteparin and pla-
cebo group. This statistical model takes
into account all study end points (healing,
improvement, deterioration, and ampu-
tation) at the same time. A value of P �
0.05 was considered statistically signifi-
cant.

RESULTS — A total of 87 patients with
diabetes, chronic foot ulcers, and PAOD
were randomized to treatment with dalte-
parin (n � 44) or placebo (n � 43). The
distribution of patients between different
strata was equal regarding treatment, with
fewer patients in stratum 4. Mean treat-
ment time (i.e., time from randomization
to end point) was 20 � 8 weeks in both
groups.

Dropouts
Two patients dropped out early during
the study: one patient randomized to
treatment with placebo suffered acute ar-
terial thromboembolism before having
the first injection of the study medication.
The other patient, who was randomized
to treatment with dalteparin, was ex-
cluded after 2 weeks because of an acute
and painful trochanteritis, which was
treated in the hospital with a daily dose of
5,000 units Fragmin (25,000 units/ml)
during 4 weeks to prevent thrombosis.
The ulcer healed during this period.

Discontinuation of the study
medication
The study medication was discontinued
in two patients because of suspected side
effects. One patient, randomized to dalte-
parin, got a retinal hemorrhage after 9
weeks of treatment. She was admitted for
ophthalmologic investigation and recov-
ered without any further impairment of
visus. The other patient, randomized to
placebo, had the study medication with-
drawn because of the development of su-
perficial skin necrosis at the site of the

subcutaneous injections on the belly. This
patient was on insulin therapy twice daily,
and the insulin injections were given
within the same skin area as the study
medication.

Baseline characteristics
A total of 85 patients completed the study
protocol (Table 1). Baseline characteris-
tics of the treatment groups were compa-
rable with an exception: more ex-
smokers, defined as �5 years since
smoking cessation, had been randomized
to treatment with placebo, whereas the
number of current smokers did not differ
between the treatment groups. Almost
50% had a history of myocardial infarc-
tion and/or stroke, 22% had undergone
vascular reconstruction or angioplasty be-
cause of leg ischemia, and 25% had an
earlier amputation. A majority of the pa-

tients (78%) were on insulin treatment.
All patients were treated with a daily dose
of 75 mg aspirin (Trombyl, Pharmacia
Corporation) for at least 4 weeks before
randomization and during the study pe-
riod. Foot ulcers in all 85 patients were
defined as neuro-ischemic, since signs of
peripheral neuropathy were present in all
patients. Baseline ulcer area did not differ
between the groups. One patient in the
placebo group had an extremely large ul-
cer (measuring 6,603 mm2 at baseline)
that was defined as unchanged at the end
point investigation. When this patient
was excluded, the ulcer area in the pla-
cebo group decreased from 535 mm2 (6–
6,603) to 387 mm2 (6–3,000) (Fig. 1).

Ulcer outcome
The ulcer outcome—including healing
with intact skin; improved, unchanged,

Table 1—Baseline characteristics of 85 diabetic patients with PAOD and chronic foot ulcers
randomized to treatment with dalteparin or placebo

Dalteparin Placebo

n 43 42
Age (years) 73 � 8 72 � 11
Sex (M/F) 29/14 31/11
BMI (kg/m2) 27 � 5 26 � 4
Type 1/type 2 diabetes 5/38 7/35
Diabetes duration (years) 20 � 13 21 � 14
Smokers/ex-smokers/nonsmokers 5/10/28 6/17/19
Treatment with insulin/tablets/diet 33/8/2 33/6/3
Previous minor and/or major amputation 10 11
Previous myocardial infarction and/or stroke 20 20
Previous vascular reconstruction and/or angioplasty 8 11
Treatment with aspirin 43 42
TBP (mmHg) 53 � 23 53 � 20
Toe/arm blood pressure index 0.33 � 0.14 0.35 � 0.12
Ulcer area (mm2) 413 � 820 535 � 1,086
Peripheral neuropathy 43 42

Data are n or means � SD. There were no statistically significant differences between the groups.

Table 2—Ulcer outcome in 85 diabetic patients with PAOD and chronic foot ulcers, randomly
assigned to treatment with dalteparin or placebo

Dalteparin Placebo

n 43 42
Healed (with intact skin) 14 (33) 9 (21)
Improved (ulcer area decreased �50%) 15 (35) 11 (26)
Unchanged (decreased or increased ulcer area �50%) 7 (16) 9 (21)
Impaired (increased ulcer area �50%) 5 (12) 5 (12)
Amputation (above/below ankle) 2 (5) 8 (19)

2/0 4/4

Data are n or n (%). The �2 exact test for trend (two-sided) showed that ulcer outcome differed significantly
between the dalteparin and placebo groups (P � 0.042).
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or impaired ulcer area; and amputation—
was significantly (P � 0.042) improved
by dalteparin treatment compared with
placebo (Table 2). When analyzing indi-
vidual end points, there were four times
more amputations in the placebo group
(n � 8) than in the dalteparin group (n �
2; NS) (Table 3). The specific numbers of
amputations in each center were as fol-
lows: Karolinska Hospital, Stockholm
(n � 67): five amputations, three above
and two below the ankle, in the placebo
group and one amputation above the an-
kle in the dalteparin group; University
Hospital, Lund (n � 5): one amputation
below the ankle in the placebo group;
Sahlgrenska University Hospital, Göte-
borg (n � 7): two amputations, one above
and one below the ankle, in the placebo
group and one amputation above the an-
kle in the dalteparin group; University
Hospital, Umeå (n � 6): no amputations.
All amputations were preceded by pro-
gressive infection and gangrene and, in
some cases, severely painful ulcer(s). A
total of 29 patients in the dalteparin group
and 30 patients in the placebo group were
treated with antibiotics. Patients in the
dalteparin group who deteriorated (n �
7) had lower (P � 0.05) TBP (36 � 9
mmHg) than corresponding patients in
the placebo group (57 � 21 mmHg; n �
13). Both amputations in the dalteparin
group were performed above the ankle
level, whereas in the placebo group, there
were four amputations above and four be-
low the ankle level. Ulcers were divided
into three groups with respect to localiza-
tion. The number of patients in each
group was distributed in the dalteparin
and placebo group, respectively, as fol-
lows: ulcers on digits I–V (n � 11 and 20);

midfoot, heel, and dorsum of the foot
(n � 22 and 14); and multiple ulcers (n �
10 and 8). Three patients with multiple
ulcers in the placebo group went to am-
putation, whereas in the dalteparin
group, none of the patients with multiple
ulcers were amputated.

More patients healed with intact skin
in the dalteparin group (n � 14) com-
pared with the placebo group (n � 9; NS).
There was no significant difference in
mean healing time between the dalteparin
group (17 � 8; 8–26 weeks [min–max])
and the placebo group (16 � 7; 8–26
weeks [min–max]). A total of 15 patients
reduced the ulcer area �50% in the dalte-
parin group compared with 11 in the
placebo group (NS). The percentage de-
crease in ulcer area was the same in the
dalteparin group (73%) as in the placebo
group (75%). Three patients on daltepa-
rin and one patient on placebo died in the
hospital from acute myocardial infarction
and/or heart failure.

Biochemical variables
There were no significant differences in
hemoglobin concentration, leukocyte
count, and serum concentrations of
hsCRP, S-AA, albumin, and creatinine be-
tween the treatment groups at either base-
line or study termination, respectively,
nor were there any significant changes
within the treatment groups between
study termination and baseline (Table 4).
At the end of the study, patients in the
dalteparin group who showed a poor ul-
cer outcome had higher levels of hsCRP
than the corresponding patients in the
placebo group (96 � 101 vs. 17 � 13
mg/l; P � 0.05). At baseline, long-term
glycemic control (HbA1c) was similar in
both groups, whereas the HbA1c in the
placebo group had decreased compared
with baseline at the end of the study.

CONCLUSIONS — Treatment of di-
abetic foot ulcers is complicated, and
healing may take several months or some-
times years (1). The impaired healing pro-
cess is caused by several factors, with local
ischemia due to PAOD being one of the
most important (10–12). In recent years,
a multidisciplinary approach including
prevention, patient education, and multi-
factorial treatment has proven beneficial
(13–15). However, to further improve the
healing process and to reduce the ampu-
tation rate, new treatment strategies are
urgently needed, especially because re-
constructive vascular surgery or percuta-
neous transluminal angioplasty is not
always possible. In the present study, the
effect on ulcer outcome of adding dalte-
parin to a multidisciplinary treatment
program was investigated in diabetic pa-
tients at high risk of cardiovascular com-

Table 3—Baseline characteristics of 10 patients who underwent amputation

Patient

1 2 3 4 5 6 7 8 9 10

Treatment D D P P P P P P P P
Age (years) 72 83 74 74 80 55 69 74 47 71
Diabetes duration (years) 1 23 23 11 25 10 3 30 39 18
TBP (mmHg) 40 50 50 60 25 30 55 50 55 40
Ulcer area at baseline (mm2) 1,092 1,890 54 600 315 1,125 49 936 440 132
Time to amputation (weeks) 4 7 4 8 18 9 6 18 8 20
Site of amputation A A A B B B A A A B
hsCRP (mg/l) 3 150 4 24 21 5 11 33 4 28
S-AA (mg/l) 10 304 25 124 15 3 91 10 16 20

A, above ankle; B, below ankle; D, dalteparin; P, placebo.

Table 4—Biochemical analyses at baseline and end of study in 85 randomized diabetic pa-
tients with PAOD and chronic foot ulcers

Dalteparin Placebo P
(difference*)Baseline End of study Baseline End of study

HbA1c (%) 6.9 � 1.6 6.8 � 1.5 6.9 � 1.2 6.5 � 1.1 0.033
Hemoglobin (g/l) 125 � 15 125 � 16 127 � 17 126 � 17 0.505
Leukocytes (109/l) 7.6 � 3.2 7.3 � 2.3 8.0 � 2.4 8.4 � 2.8 0.966
Platelets (109/l) 258 � 72 278 � 98 243 � 78 248 � 78 0.057
Albumin (g/l) 37 � 3 37 � 4 36 � 4 37 � 4 0.375
Creatinine (�mol/l) 92 � 23 97 � 28 99 � 32 100 � 34 0.097
hsCRP (mg/l) 17 � 35 24 � 45 15 � 24 14 � 23 0.489
S-AA (mg/l) 44 � 132 29 � 61 32 � 71 14 � 22 0.949

Data are means � SD. *Difference between dalteparin and placebo of baseline and end-of-study difference.
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plications and death. The results show
significantly better ulcer outcome in pa-
tients treated with dalteparin compared
with treatment with placebo. In the dalte-
parin group, more patients healed with
intact skin and decreased the ulcer area
�50% compared with the placebo group.
Dalteparin treatment also reduced the
amputation rate to 25% (n � 2) of that
found in the placebo group (n � 8).

Patient characteristics were similar in
both groups except that more ex-smokers
had been randomized to treatment with
placebo. Smoking has been related to re-
tarded wound healing (16) and to insulin
resistance (17). However, in the present
study, the number of current smokers did
not differ between treatment groups, and
because 5 years or more had elapsed since
ex-smokers quit smoking, smoking his-
tory is unlikely to have confounded the
treatment effect of dalteparin.

Glycemic control is of major impor-
tance for microvascular complications in
diabetes (18,19) and is most likely also
important for macrovascular complica-
tions (19). In the present study, the ma-
jority of patients were treated with
insulin, whereas a small number of pa-
tients had treatment with tablets and/or
diet only. Metabolic control, as measured
by HbA1c, was remarkably good in both
treatment groups throughout the study.

All patients included in the present
study had neuro-ischemic foot ulcers.
Time to healing with intact skin during
the observation time of 6 months was
similar in the dalteparin and placebo
groups, probably because patients were
followed up during a certain period of
time and not to final outcome. Patients

with neuro-ischemic foot ulcers are gen-
erally older, have larger foot ulcers, and
have longer healing times than patients
with pure neuropathic foot ulcers (20).
The site of foot ulcers is important and
related to ulcer healing (21), with the low-
est healing and highest amputation rates
reported in patients with multiple foot ul-
cers, i.e., three or more ulcers (21,22). In
the present study, the number of patients
with multiple ulcers was similar in the
dalteparin and the placebo group. In con-
trast, three of the patients with multiple
ulcers on placebo went to amputation
compared with none in the dalteparin
group. On the other hand, more patients
with toe ulcers had been randomized to
placebo treatment, which might have
contributed to the higher frequency of
minor amputations in this group.

The mechanisms behind the benefi-
cial effect of dalteparin on outcome of
neuro-ischemic foot ulcers in patients
with diabetes are unclear, but several fac-
tors are most likely involved. Earlier stud-
ies by our group have demonstrated a
severely impaired skin capillary circula-
tion in the feet of diabetic patients with
PAOD (5), to which hemorheological dis-
turbances related to a high plasma fibrin-
ogen concentration might contribute.
LMWH and unfractionated heparin are
potent antithrombotic agents that also en-
hance the fibrinolytic activity and have
anti-inflammatory effects (23–26).
LMWH also stimulates angiogenesis and
improves the arterial circulation, e.g., the
coronary circulation (27,28). Heparin
normalizes the proliferation of diabetic
chronic wound fibroblasts (29), and
Kratz et al. (30) showed a positive effect of

topical application of heparin on wound
healing in skin graft donors. Infection and
ischemia are two important factors con-
tributing to impaired ulcer healing in di-
abetic patients. Accordingly, the seven
patients who deteriorated on treatment
with dalteparin had higher serum hsCRP
concentration and lower TBP than the
corresponding patients on placebo. Oth-
erwise, serum concentrations of the acute
phase reactants hsCRP and S-AA were
similar in the two treatment groups, both
at baseline and at study termination, indi-
cating a similar degree of inflammation
and/or infection in the two treatment
groups.

In conclusion, the present study
shows for the first time that treatment
with dalteparin improves the ulcer out-
come in diabetic patients with PAOD and
chronic foot ulcers. However, it would be
of major interest to confirm the current
results in a larger trial. Chronic foot ulcers
cause a lot of suffering for the patients and
are one of the most expensive diabetic
complications for society— especially
healing after amputation (1). The positive
effects of dalteparin on ulcer healing
might greatly affect the costs and care of
diabetes.
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partment of the Public Health and Medical
Services Committee. We would also like to
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Figure 1—Uncer area at baseline in 85 diabetic pa-
tients with peripheral arterial occlusive disease and
chronic foot ulcers randomized to treatment with
dalteparin or placebo.
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