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Abstract

Venous ulcers are common, especially in the elderly, accounting for more than 50%
of all lower extremity ulcers with important socioeconomic problems. Improving
extracellular matrix functioning, by heparin administration, seems to be a way to
support wound healing. A total of 284 patients with venous ulcers were recruited
in a 4-year period. All patients were subjected to the most appropriate treatment
after considering their preference (compression therapy followed or not by vein
surgery). Patients were randomised into two groups of 142 persons in each (group
A and group B as cases and controls, respectively). Patients of group A, in addition
to the basic treatment as described earlier, received administration of nadroparin
2850 IU/0.3 ml through subcutaneous injection once a day for 12 months, whereas
group B patients received basic treatment alone. Healing was assessed by means of
direct ulcer tracing with computerised planimetry. Group A showed a healing rate of
83·80% at 12 months, whereas that of group B was 60·56%. Results by age group
surprisingly showed that the group of older patients took the most advantage from
long-term treatment with low molecular weight heparin; this group also had lowest
recurrence rate.

Introduction

Venous leg ulcers are responsible for more than half of lower
extremity ulcerations, with an overall prevalence ranging up
to 2% in the general population. Furthermore, venous ulcers
seem to have an increased healing rate in older age groups,
with a peak between 60 and 80 years (1,2). Venous ulcerations
tend to be a chronic or recurrent problem resulting in
diminished quality of life, frequent hospitalisations and health
care provider visits, increased morbidity with consequent
significant economic cost and psychological impact (2–4).
Treatment of venous stasis ulcers varies from multiple surgical
procedures to the use of various topical agents combined with
compression therapy (5).

Chronic wounds, as venous ulcers, exhibit deficiencies or
dysfunction in the extracellular matrix (ECM) that cannot
support healing (6–8) and some studies describe the effects of
heparin in regulating ECM proteins (9) and also in improving

wound healing (10). The aim of this work is to demonstrate
the efficacy of low molecular weight heparin (LMWH) in
accelerating healing of venous leg ulcers, as a support to
basic treatment.

Key Messages

• venous ulcers are common, especially in the elderly,
resulting in diminished quality of life and frequent
hospitalisations

• complete healing is often difficult to achieve and
recurrence is extremely common

• heparin administration appears to accelerate healing of
chronic venous leg ulcers, especially in elderly patients
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Methods

This is an open-label study comprising a total population
of 284 patients [63 males (32·18%), 221 females (77·82%),
age range 48–91 years, mean age 69·5 years] at their first
admission for venous ulcers of the lower limbs, secondary
to primary chronic venous insufficiency, according to C6 of
Clinical-Etiology-Anatomy-Pathophysiology (CEAP) Classi-
fication for chronic venous disorders (11). These patients were
recruited in a 4-year period (1 January 2003–31 December
2006), whose demographics and clinical characteristics are
shown in Table 1.

Venous leg ulcers were selected after clinical and ultrasound
examinations [all patients of this study had evidence of
superficial veins and/or calf perforating veins reflux, but none
had deep venous reflux or evidence of deep vein thrombosis
(DVT)] and by exclusion of other causes of ulceration,
especially arterial insufficiency. Only ulcers lasting more than
6 weeks were included in this study, as chronic leg ulcers are
defined as those wounds lasting longer than 6 weeks (4).

All patients were subjected to the most appropriate
treatment after considering their preference. The typology
of surgery, when it was accepted, was chosen according
to the anatomical level of vein incompetence: superficial
venous surgery [Cure Conservatrice et Haemodinamique de
l’Insuffisance Veineuse en Ambulatorie procedure (CHIVA)

Table 1 Baseline Patient Characteristics

Parameters Group A Group B Total

Number of patients 142 142 284
Sex (M/F) 31/111 32/110 63 (32·18%)/

221 (77·82%)
Age

Range (years) 48–91 49–86 48–91
Mean (years) 69·5 72·5 69·5
48–64 years 42 (29·57%) 39 (27·46%) 81 (28·52%)
65–79 years 62 (43·66%) 67 (47·18%) 129 (45·42%)
80+ years 38 (26·76%) 36 (25·35%) 74 (26·05%)

Duplex ultrasound
findings
Superficial vein
incompetence

131 (92·25%) 128 (90·14%) 258 (90·84%)

Perforating vein
incompetence

7 (4·92%) 12 (8·45%) 19 (6·69%)

Superficial +
perforating
incompetence

4 (2·81%) 2 (1·40%) 6 (2·11%)

Surgery
Superficial vein
surgery

124 (87·32%) 121 (85·21%) 245 (86·27%)

SEPS 2 (1·41%) 6 (4·22%) 8 (2·82%)
Superficial vein
surgery + SEPS

1 (0·70%) 1 (0·70%) 2 (0·70%)

Concomitant conditions
Arterial hypertension 52 (36·61%) 65 (45·77%) 117 (41·19%)
Obesity 43 (30·28%) 38 (26·76%) 81 (28·52%)

Ulcer features
Area (range, cm2) 2·9–19·5 3·1–21·5 2·9–21·5
Area (mean, cm2) 12·7 14·7 13·5

SEPS, subfascial endoscopic perforator surgery.

procedure is the procedure of choice at our institutions in
these cases] and/or subfascial endoscopic perforating surgery
(Table 1).

All patients, regardless of whether surgery was performed
or not, were treated with third-class medical compression
stocking (36–50 mmHg) for 12 months and then with second-
class medical compression stocking (25–40 mmHg) for the
remaing period of the study (48 months). Compliance with
elastic stockings was optimal in all patients. All patients had
adopted local care according to the typology of the wound.
Patients were randomised into two groups of 142 persons in
each (group A and group B). Patients of group A, in addition
to the basic treatment described earlier, were administered
nadroparin at the dosage of 2850 IU/0.3 ml through subcu-
taneous injection, once a day for 12 months. All patients of
group A had no documented bleeding risk factors (such as
uncontrolled hypertension, thrombocytopaenia, coagulopathy
or recent gastrointestinal bleeding).

Patients of group A were evaluated every week for 5 years.
In the first year of heparin therapy, blood samples were taken
monthly for assessment of anti-Xa activity, activated partial
thromboplastin time and blood cell counts.

Patients of group B (control group) received only basic
treatment according to their clinical conditions and were
evaluated every week for 5 years. Institutional Review Board
(IRB) approval was obtained and informed consent was
received from all patients.

Healing was assessed by means of direct ulcer tracing onto
clear plastic sheet and subsequent computerised planimetry.
Healing was calculated by subtracting the final ulcer area from
the initial area and dividing by the number of weeks that the
patient had been observed to obtain the total area healed per
week. The follow-up was 5 years for both groups and was
terminated for all patients on 31 December 2011.

Results

All patients completed the follow-up. No side effects related
to heparin treatment occurred in group A (no heparin-induced
thrombocytopaenia, no osteoporosis, no bleeding). Healing
rates at 12 months (Table 2) was 83·80% for group A and
60·56% for group B. The mean total ulcer area rate of healing
for group A was of 1.3 cm2/week and 0·87 cm2/week for
group B.

Considering the results by age group (Table 3), it is
surprising that the group of older patients took the most
advantage from the treatment with LMWH. In fact, 87·09% of
patients aged between 65 and 79 years and 91·10% of patients
aged over 80 years achieved and maintained healing at 1 year
during heparin treatment. On the other hand, in group B, the

Table 2 Healing rates at 12 months

Group A Group B

Healed ulcers 119 (83·80%) 86 (60·56%)
Mean area healing per week (cm2/week) 1·3 0·87
Non-healing ulcers 23 (16·19%) 58 (40·84%)
P value <0·00001
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Table 3 Healing rates at 12 months according to age range

Group A Group B

Healed ulcers
48–64 years 30/42 (71·42%) 37/39 (94·87%)
65–79 years 54/62 (87·09%) 39/67 (58·20%)
80+ years 35/38 (91·10%) 10/36 (27·77%)

Non-healing ulcers
48–64 years 12/42 (28·57%) 9/39 (23·07%)
65–79 years 8/62 (12·90%) 31/67 (46·27%)
80+ years 3/38 (7·89%) 17/36 (47·22%)

P value
48–64 years <0·322
65–79 years <0·0001
80+ years <0·00001

Table 4 Recurrence rate of venous ulcers at 5 years

Group A Group B

Total recurrence Total recurrence
38/142 pts (26·76%) 84/142 pts (59·15%)

Age range
48–64 years 18/42 (42·85%) 17/39 (43·58%)
65–79 years 12/62 (19·35%) 38/67 (56·71%)
80+ years 8/38 (21·05%) 29/36 (80·55%)

P value
48–64 years <0·003
65–79 years <0·002
80+ years <0·002

Table 5 Recurrence rate versus type of surgery

Type of surgery Group A Group B

SPV 36/131 (27·48%) 78/128 (60·93%)
SEPS 1/2 (50%) 4/6 (66·66%)
SPV + SEPS 1/1 (100%) 1/1 (100%)

SPV, superficial vein surgery; SEPS, subfascial endoscopic perforator
surgery.

greatest benefit was achieved by patients aged between 48 and
64 years. Also with regard to the recurrence rate (Table 4),
the results were better for group A. In group A, recurrences
occurred only in 26·76% of the cases, whereas in group B
the rate of recurrence was of 59·15%. Also in the case of
recurrences, older patients of group A showed a lower rate
than those of the same category of group B (19·35% versus
56·71% in age range 65–79 years; 21·05% versus 80·55 in
age range 80+ years). Recurrence rate according to the type
of surgery was lower for group A especially for superficial
venous surgery (Table 5).

Discussion

Compression therapy and surgical correction of superfi-
cial venous incompetence are the main methods currently
employed in the treatment for venous ulcers. Graduated
external compression to the lower extremity has resulted in
accelerated healing of venous ulcers and has become the
mainstay of treatment, while superficial venous surgery

appears to be associated with rates of ulcer healing similar
to those by compression alone, but with less recurrence (12).

Healing is often delayed and once healed, many patients
with chronic venous ulcers have a recurrence, which is
reported to be as high as 72% of treated subjects (1,2,5).

Heparin has been studied to determine its effects on wound
healing. The role of heparin in wound healing has been
demonstrated in some studies. Heparin appears to be asso-
ciated with rapid and effective endothelial cell repair, having
anti-inflammatory properties and enhanced angiogenesis and
neovascularisation (10).

Previous studies (13,14) showed that venous ulceration
may be associated with microvascular thrombosis displaying
depressed fibrinolotic activity, increased red cell aggregation,
endothelial cell damage, expression of adhesion molecules and
cytokine release and in this context, heparin has a role in
limiting these adverse events.

In a previous study (10), long-term treatment with LMWH
appears to have improved early and late results of patients who
underwent reconstructive surgery (skin grafting) for difficult-
to-heal chronic venous ulcer.

In the present study, it was shown that the use of LMWH
is also useful in the initial treatment of venous leg ulcers and
is free from risks and side effects. Moreover, it appears that
the greatest advantage of LMWH use occurs in older patients,
both in terms of healing as well as maintenance of results at
5 years but the reason is, however, not clear.

A suggestive hypothesis could be that in the initial stages
of formation of a venous ulcer, phenomena of inflammation
and hypoxia predominate in ECM. In the maintaining stage,
phenomena of local thrombosis in ECM may predominate
instead and this makes the ulcer increasingly irreversible.
These states go hand in hand with the evolution of pro-
thrombotic state that characterise the age-related physiological
changes of an elderly patient. In addition heparin, with
its antithrombotic and anticoagulant effects, may interrupt
the natural history of an ulcer that leads to irreversibility,
increasing its chances of recovery. The main disadvantage of
the present study is the absence of placebo, as it is an open-
label trial not supported by external funding, and therefore
further studies, may be of double-blind typology, with placebo
are needed to clarify these issues.

Conclusions

The data from this study suggest that long-term LMWH
therapy may expedite the healing of chronic venous leg ulcers
especially in older patients. These initial results suggest future
clinical investigations to conduct larger studies with more
prolonged follow-up to confirm their validity.
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