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ABSTRACT
Background: Peripheral arterial disease is a chronical disease which can lead to a sever quality of life reduction
and in certain cases there is no indication or even possibility for revascularization and these patients are reliant on
conservative therapy such as Sulodexide medication.
Objective: In the retrospective study we evaluated effect of newly administrated Sulodexide therapy for patients with
peripheral arterial disease both in cases of claudication pain and patients with chronic limb-threatening ischemia
(CLTI).
Methods: During a three year period we started Sulodexide therapy in 34 claudication and 38 CLTI cases with no
contemporary revascularization procedure. Patients were followed for 4 and 8 months with claudication interval,
Rutherford classification and CLTI evaluation.
Results: We observed overall positive effect of Sulodexide in both groups. In claudication group there was a
prolongation of average pain-free walking distance (PFWD) from 144 m at the baseline to 376 m at 4 months and
430 m at 8 months. In the second group all 38 patients started with CLTI symptoms, after 4 months 6 patients
remained with CLTI and after 8 months 3 more had recurrence of CLTI.
Conclusion: We observed a significant improvement both in PFWD in claudication sub-group and even in a
clinical status of majority of the patients in CLTI sub-group. This effect of Sulodexide on CLTI patients was not
yet thoroughly described in any available literature. According to our observations, Sulodexide seem to be a potent
auxiliary therapy for patient with peripheral arterial disease even in the case CLTI.
Keywords: Peripheral arterial disease; Claudication; Ischemic wound; Critical limb ischemia; Sulodexide;
Conservative treatment

ABBREVIATIONS
ABI: Ankle-Brachial Index; CLTI: Chronic Limb-Threatening
Ischemia; PAD: Peripheral Arterial Disease; PAI-1: Plasminogen
Activator Inhibitor-1; PFWD: Pain-Free Walking Distance; tPA:
tissue Plasminogen Activator

INTRODUCTION
Peripheral arterial disease (PAD) is one of the most concerning
disease of this era, mostly because it can be caused by a modern
way of living in developed countries [1]. Risk factors of PAD are
hypertension, diabetes mellitus, hyperlipidemia, smoking, fatty diet
and genetic factors [2]. Prevalence of PAD is rising each decade

as the population in these countries progressively ages. At the day
the prevalence of symptomatic PAD is stated in literal sources up
to 6% of population older than 60 years with majority of men
[3]. Symptomatic PAD is not only associated with higher risk of
coronary and cerebrovascular morbidity and mortality [4] but,
what is the most important from a patients point of view, it is
significantly decreasing the quality of life of these patients [5] by
limiting their daily activities, disables them in work process and
in the worst case leading to critical limb ischemia (termed by the
last nomenclature as chronic limb threatening ischemia-CLTI)
presented by a rest pain and chronic wounds with all the severe
consequences [6]. Prevalence of critical limb ischemia is still at
significant level between 0.25 and 0.3% of the same population [7].
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First and the most specific symptom of PAD is claudication pain,
which limits patient in walking by extend of atherosclerotic process
damaging the lower limb arteries [8]. Claudication pain, if PAD is
not treated, progresses in time as the atherosclerosis is involving
larger portion of lower limb arteries and in more severe degree
causing an arterial occlusion. Progressing claudication pain can
lead to disability of the patient and in stage of CLTI to a rest pain
and ischemic skin wounds; this stage is associated with very high
morbidity and mortality [9]. One year mortality of patients with
CLTI ranges between 10 and 40% and if there is no revascularization
performed up to 40% of the patients end up with high amputation
to six months from the point of first signs of CLTI [7].
After PAD diagnosed (clinical symptoms, imaging methods and
functional tests e.g. ABI) the next course of actions is determined
by the degree of clinical symptoms (e.g. Rutherford or Fontaine
classification) and by the extent of atherosclerotic process [10].
Essential treatment for PAD patients is elimination of risk factors
[2] (mostly smoking), regular exercise and arterial revascularization
which can be performed both by endovascular procedures or open
surgery [11]. Nevertheless, there are certain situations when these
procedures are not indicated or technically unfeasible. Most of
these patients are situated on both exactly opposite ends of PAD
spectrum-first there are a patients with intermittent claudication
with long Pain-Free Walking Distance (PFWD) which do not
meet indication criteria for intervention [10] but even this degree
of symptoms is limiting their usual daily or working activities
(e.g. watchman or postman). Second group of these patients is much
worse in nature; these are the patients with exhausted options of
revascularizations or with such a severe degree of occlusive process
prohibiting any revascularization procedure [12]. Treatment of
these two groups of patients should consist of regular exercise by
walking [13] (which is however often very limited by the presence
of the skin wound), intensive local therapy of skin wounds in cases
of CLTI and also of supportive medication [14]. There are several
drugs used for medical (or also “conservative”) therapy of PAD, all
clinically tested with more or less controversial outcomes. Promising
results are mostly mentioned regarding the use of Sulodexide in
patients with claudication pain [15-18]. Several randomized trials
[19] and meta-analyses [15] were performed to evaluate its effect
on claudication pain as well as other factors like serum level of
fibrinogen, blood and plasma viscosities and serum lipid panel. In
accordance with these sources we observed in our center through
the last three years of higher rate of Sulodexide usage its overall
positive effect in conservative and auxiliary treatment of both
groups of patients with claudication pain and patients with CLTI.
Sulodexide is a standardized extractive glycosaminoglycan
containing 80% “fast moving” heparin and 20% dermatansulphate, which has a high affinity for antithrombin-III and
heparin cofactor-II, it also activate lipoprotein lipase (LPL) and has
an antithrombotic and fibrinolytic activity through the activation
of tPA and inhibition of PAI-1 [20]. All these Sulodexid activities
were demonstrated after both intravenous and oral administration
[21].
Main goal of our retrospective study was to evaluate the effect of
Sulodexide as conservative treatment for PAD patients both with
claudication pain (Rutherford 1-3) and with CLTI (Rutherford 4-6).
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MATERIALS AND METHODS
The retrospective study of patient documentations in our center
was performed seeking all patients with newly administrated
Sulodexide medication. This study covered a period of three years
between January 2017 and December 2019. All patients signed the
consent with use of their clinical data for research and educative
purposes at the beginning of the treatment; this is the standard
procedure in our center. As we wanted to evaluate the effect of
Sulodexide only, we excluded all patients after contemporary
revascularization procedure which received Sulodexide as an
auxiliary medication after the revascularization. At the end we got
two groups of patients-first is a group of patients with claudication
pain not meeting the criteria for revascularization and second is a
group of patients with CLTI with no more possibilities for radical
treatment.
Basal clinical data before the start of Sulodexide treatment were
gathered for both groups as well as PAD specific data which
were followed through patient documentation. All patients were
stratified by Rutherford classification [22] Rutherford 1-3 for the
first group and Rutherford 4-6 for the second group.
In the first group we followed change in patient claudication status
with PFWD as the main parameter. The claudication status was
followed in the second group as well but the main parameter for
this group was the presence of critical ischemia represented by a
rest pain or presence of ischemic skin wound. CLTI parameters
were described in “yes” or “no” way, with elimination of rest
pain or complete healing of the wound considered as a treatment
success. This simplification in skin wound description was required
because of a huge variability in wound characteristics [23] (depth,
size, location, portion of necrotic tissue etc.), which could not be
properly described and compared between each patient using only
a standard outpatient documentation.
In both groups there were two more sub-groups described based
on the beginning of Sulodexide therapy-patients starting with
intravenous application (10 days infusion therapy) and then
continued with oral medication (as is suggested protocol in
Summary of Product Characteristics for Vessel Due F®) and
the second sub-group of patients starting directly with an oral
medication (mostly the patients refusing intravenous application).
Moreover all follow-up data from both groups were divided in
another two sub-groups based on the length of follow-up to cover
up an effect of Sulodexide through short and long term period of
treatment. This division means that the data after 4 months period
and 8 months period were used for statistical analysis.
Thus eight sub-groups were created describing a change of PFWD in
first main group and CLTI status in second main group, comparing
the effect of intravenous and oral Sulodexide administration in
short and long term follow-up for both main groups.
All data were statistically tested using software Statistica
12 (StatSoft, Inc., USA) for basic descriptive analysis and
comparison of sub-groups. F-Test for parametric data distribution
was used to calculate statistical significance (at p level of 0.05) for
changes in PFWD, CLTI status and Rutherford classification.
All patients received treatment in accordance with standard of
care in our center and in accordance with Summary of Product
2
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Characteristics for Sulodexide (Vessel Due F®, Alfasigma S.p.A.,
Italy) [24]. Sulodexide treatment protocol in our center is as
follows: treatment should start with parenteral application (in
our center we use solely intravenous application) of 600 LSU
(1 ampoule) each day for 10 days and then continue with an oral
administration of 1 tablet BID for at least six months (in our center
we use 1 tablet BID as standard, no patient had 2 tablets BID). In
cases when patients refuse to start the treatment with intra venous
administration the treatment is initiated directly with an oral
form. Different procedures of drug delivery can lead to different
concentrations of Sulodexide in patient’s serum and our goal was
to assess if there is any difference in effect of intravenous and oral
drug administration. This assessment was based only on clinical
status of the patients with no pharmacological tests included, what
can be considered a limitation of this study; no pharmacological
tests were possible in retrospective settings. Physical training in
form of regular walking was strongly suggested to all patients as
a part of standard treatment (if not disabled by a wound) [13].
Vigorous controlling of patients diabetes status was advised as well,
but this was carried out by their general practitioners or internal
physicians with no involvement of our team.

ACCESS Freely available online

allowed to start treatment directly with oral medication. Both
subgroups were followed for 4 months (average 131 days) and
8 months (average 254 days) with PFWD and Rutherford assessed.
Altogether the PFWD was extended (from baseline 144 m) to
376 m at 4 months and 430 m at 8 months (Table 1), meaning
final extension of PFWD by +286 m in average (2.98 times more
than baseline PFWD, p=0.001). Walking distance converted to
the Rutherford classification gives overall drop of-0.83 class from
baseline 2.62 to 1.88 at 4 months and 1.79 at 8 months (p=0.002)
(Table 2).
The effect of the treatment was more significant in sub-group
starting with intravenous application with PFWD extension
from 71 m at the baseline to 302 m at 4 month and up to
362 m at 8 months, meaning overall extension of PFWD by +291 m
(5.09 times more than baseline PFWD, p<0.001). Rated by
Rutherford classification this means a drop of-1.00 class from
baseline 2.93 to 2.07 at 4 months and 1.93 at 8 months (p=0.008).
Oral sub-group reaches a longer PFWD in average at the end of
follow-up, but there was a significantly higher starting value of
195 m in this sub-group (compared to 71 m for intravenous
subgroup), thus the overall effect was smaller than in intravenous
group, but still highly significant. There was an extension from
195 m PFWD at the baseline to 428 m at 4 months and to 478 m at
8 months (Table 1). Overall extension of PFWD in oral subgroup
was +283 m (2.45 times more than baseline PFWD, p=0.038).
Rated by Rutherford classification this means a drop of -0.70 class
from baseline 2.40 to 1.75 at 4 months and 1.70 at 8 months, what
was also rated statistically significant (p=0.045) (Table 2).

RESULTS
During the three years period the Sulodexid treatment started in
72 cases of patients with PAD. Out of this population 34 cases
were patients with claudication pain (Rutherford 1-3) and 38 cases
patients with CLTI (Rutherford 4-5). There was no significant
difference in number of diabetic patients in both group-38.2%
(n=13) for claudication group and 42.10% (n=16) for CLTI group
(p=0.938). If we sub-divide the CLTI group to patients with rest pain
(Rutherford 4, n=30) and with ischemic wound (Rutherford 5, n=8)
the percentage of diabetic patients changes significantly-30.0% for
Rutherford 4 and 87.5% for Rutherford 5. Complete list of patients
in both groups together with their basic medical characteristics are
listed in Appendix.

During the follow up there was a worsening of PAD status in one
diabetic patient starting in oral group as Rutherford 3, with CLTI
in form of ischemic skin wound at 4 months (Rutherford 5) lasting
further through whole follow-up. In three more cases there was a
shortening of PFWD observed between 4 and 8 month follow-up,
but in all three cases the PFWD remained longer than the baseline
PFWD of these patients.

Majority of the patients in both groups started the treatment
as recommended with parenteral (in all our cases intravenous)
application, with even bigger portion in CLTI group intravenous
application was a start of the treatment for 20 patients (58.8%)
in claudication group and for 27 patients (71.0%) in CLTI group.
Effect of the treatment was evaluated for each sub-group separately.

Chronic limb-threatening ischemia (CLTI) group
Because it would be confusing to compare claudication pain in
cases of patients with CLTI (most of the patients with rest pain
and limitation in walking caused by wound) we evaluated the
Sulodexide effect on critical ischemia only-meaning if patient
was relieved of rest pain or if the ischemic wound was healed, we
considered it as a success of the treatment. Changes of Rutherford
class were evaluated as well. Again all patients were followed for
4 months (average 101 days) and 8 months (average 233 days).

Claudication group
At the baseline patients started with an average PFWD of 144 m
and baseline Rutherford class 2.62. There were a slight differences
for intravenous and oral group with starting PFWD of 71 m and
191 m respectively (p=0.023), meaning that patients with shorter
PFWD were more urged to start the treatment with intravenous
application and patients with longer PFWD were more often

At the baseline all patients in this group had symptoms of critical
limb ischemia with rest pain or non-healing ischemic wound
(Figure 1). Most of the patients started with intravenous application

Table 1: Characteristics of Claudication group as total and in both sub-groups. (All values are the average value of the respective group).
Claudication

follow-up 131 days (89/161)

Baseline

Patients (n)

PFWD (m)

Rutherford

PFWD (m)

follow-up 254 days (244/261)

Rutherford

PFWD (m)

Rutherford

Total

34

144

2.62

376

1.88

430

1.79

Intravenous

20

71

2.93

302

2.07

362

1.93

Oral

14

195

2.4

428

1.75

478

1.7
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Table 2: Improvement of PFWD and Rutherford class from baseline to 8 months (follow-up 254 days). (all values are the average value of the respective
group).
PFWD improvement (m)

Rutherford improvement

Total

(+) 286

(-) 0.83

Intravenous

(+) 291

(-) 1.00

Oral

(+) 283

(-) 0.70

Table 3: Characteristics of CLTI group as total and in both sub-groups. Number of CLTI patients means a ratio between patients with CLTI symptoms
(rest pain or wound) on the left site and patients without these symptoms after the treatment on the right site, these numbers together form the initial
number pf CLTI patients at the baseline. (Rutherford values are the average value of the respective group).
CLTI

Baseline

Patients (n)

Follow-up 101 days (100/101)

Follow-up 233 days (225/252)

CLTI (n)

Rutherford

with CLTI (n)

Rutherford

with CLTI (n)

Rutherford

Total

38

38

4.21

6/32

2.37

9/31

2.42

Intravenous

27

27

4.15

4/23

2.15

9/31

2.37

Oral

11

11

4.36

2/9

2.91

3/8

2.55

Figure 1: Patient with non-healing ischemic wound in distal crural region
of left lower limb for 16 months (after previous endovascular intervention
on iliac and peripheral left lower limb arteries). Picture captured on 25
Oct 2017 when Sulodexid therapy started.

of Sulodexide as is recommended by our protocol. But still there
were 11 patients (out of total 38) starting the treatment directly with
oral medication. These patients refused intravenous application
despite of being acknowledged about the importance of more
intensified approach in the state of CLTI.
Although we urged patients to intravenous application there was
no significant difference between the effects if we compare these
two sub-groups. In intravenous group we started with 27 patients
with CLTI, at 4 months there were only 4 patients left with CLTI
(no treatment effect cases), all other with no rest pain or with the
baseline wound healed (Figure 2). These 4 patients remained with
CLI till the end of follow-up. Status of 2 more patients worsened
between 4 and 8 months follow-up again back to CLTI (Table 3).
At the end of follow-up there were 6 patients with CLI and 21
patients with positive treatment effect (equal to 77.7%) (Figure 3).
Regarding the Rutherford classification we got the same outcome
starting with average Rutherford 4.15 which got improved to 2.15
at 4 months and worsened to 2.37 at 8 months. This means the
improvement of-1.78 Rutherford class (p<0.001) (Table 4).
Outcomes for oral treatment sub-group are similar, starting
with 11 CLTI patients with average Rutherford class 4.36. At
4 months follow-up there were 2 patients with CLTI remaining,
who had CLTI till the end of follow-up and again 1 more patient
got worse till the 8 months follow-up with recurrence of CLTI. At
the end of follow-up there were 3 patients with CLTI and 8 patients
J Vasc Med Surg, Vol.9 Iss.2 No: 409

Figure 2: The same patient after 4 months on 20 Feb 2018.

Figure 3: Outcome of the same patient after 7 months of Sulodexid (and
local) therapy on 29 May 2018.
Table 4: Improvement of Rutherford class from baseline at 4 and 8
months (follow-up 101 and 233 days). (all values are the average value of
the respective group).
Rutherford
Rutherford improvement
improvement 4 month
8 month
Total

(-) 1.84

(-) 1.79

Intravenous

(-) 2.00

(-) 1.78

Oral

(-) 1.45

(-) 1.81

4
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(Table 3) with positive treatment effect (equal to 72.7%). If we
evaluate the Rutherford classification we can see a slight difference
in comparison with intravenous sub-group-starting with average
Rutherford 4.36 we see an improvement to 2.91 at 4 months but
there was no case of worsening or CLTI recurrence at 8 months (as
it was in intravenous sub-group). Here we see the same situation
as in claudication group with further improvement in Rutherford
class up to 2.55. This means the overall improvement of1.81 Rutherford class (p=0.003) (Table 4).
If we compare Rutherford class between both sub-groups we can
see an obvious difference at 4 months with Rutherford class
improvement in intravenous subgroup-2.00 and in oral subgroup
only-1.45, but statistically it was not rated significant (p=0.118). At
8 months this difference diminishes with intravenous sub-group
worsening to-1.78 (compared with baseline) and there is a further
improvement in oral subgroup to-1.81 (p=0.963).

DISCUSSION
In accordance with literal sources and published clinical trials
[15-19,24] we observed overall positive effect of Sulodexid
medication in cases of patients indicated for conservative treatment
of PAD, in our retrospective study even in cases of patients with
CLTI.
We observed a significant improvement in PFWD in almost all
patients with claudication pain. If we consider relative improvement
from baseline value of PFWD there is more significant improvement
in cases of intravenous start of the therapy (5 times more than
baseline), but we have to consider other facts involved in this
outcome. At first intravenous sub-group started with almost 3 times
shorter PFWE (71 vs. 191 m) and thus even when there was almost
the same improvement in PFWD for both sub-groups (291 vs.
293 m) it yields much higher ratio for intravenous sub-group.
The same conclusion can be said about Rutherford classification
comparing both sub-groups. In intravenous subgroup the
improvement was-1.0 Rutherford class compared to-0.7 class in oral
sub-group, but again, there was worse starting point for intravenous
sub-group (2.93 vs. 2.40) and in this case we must admit that
Rutherford classification has a rough scaling (200 m) and thus
even a small change in PFWD can mean the same improvement
as a much bigger change in another case. This is the reason why
we consider absolute improvement in PFWD as the most objective
parameter of evaluation Sulodexide therapy effect on patients with
claudication pain. The same improvement of absolute value of
PFWD in both subgroups can be explained by a relatively good
response of collateral arterial branches to the antithrombotic
and profibrinolytic effects of Sulodexide as well as endothelium
protective effect and the rheological effect. Particularly in cases
of patients with claudication in which the collateral branches
can reach its full blood flow potential quickly regardless how the
therapy starts.
Another positive observation was the fact that PFWD improved
more with longer therapy period (both sub-groups counted
together at the baseline had a PFWD 144 m which improved to
376 at 4 months and to 430 m at 8 months). Our theory behind this
observation is a good capacity of collateral arterial branches and
effects of Sulodexide on vessels (antithrombotic, profibrinolytic,
endothelium protective) in cases of claudication patients with
J Vasc Med Surg, Vol.9 Iss.2 No: 409

OPEN

ACCESS Freely available online

atherosclerotic damage located mostly in the main arterial trunks.
In such cases Sulodexide (together with physical training) could
positively influence the formation of collateral blood flow and thus
improve a perfusion of lower limb even if the main arterial trunks
are stenotic or occluded [25]. Nevertheless, we can’t take this effect
as granted, because there were 4 cases of worsening of PAD status
during the follow-up and one of them even to state of CLTI.
In every case of patient with CLTI and with no possibility of
revascularization we offer intravenous vasodilatation therapy
(Agapurin, Procain) or in last three years mostly Sulodexide therapy
in effort to improve a perfusion of ischemic limb. We observed
significant improvement in CLTI group (both in intravenous and
oral subgroup) relieving 71.0% of the patients of CLTI symptoms
(rest pain of ischemic wound) during 8 months of therapy. Because
there are very limited literal sources dealing with Sulodexid therapy
in cases of CLTI [26] we were not able to compare our findings
with any other source. Despite of the fact that this is a retrospective
study it is unique in this way.
To evaluate an effect of Sulodexide therapy in CLTI cases we
chose to compare a CLTI status (“yes” or “no”) and the change
in Rutherford class. Comparing PFWD in these cases would be
ineffective and confusing because most of the patients are limited
in walking by the presence of ischemic wound or the pain which is
present even before they start walking.
A majority of the CLTI patients started the therapy with
intravenous application because their condition required more
intensive approach, even in conservative point of view. Even if
we observed relatively bigger effect of the therapy at 4 months
for intravenous sub-group (-2.0 vs.-1.45 Rutherford class) it was
not statistically significant with p=0.118. And this difference
diminished at 8 months when the improvement from baseline
was-1.78 for intravenous and-1.81 class for oral sub-group. These
interesting findings with bigger effect of intravenous therapy during
the shorter period and worsening in longer period compared
too slowly but steadily improving effect of oral therapy can be
explained by two possible theories. Intravenous therapy was used
even in cases of subacute critical limb ischemia (subacute rest pain)
with no technically possible revascularization. In these situations,
the Sulodexide therapy can lead to relief from the rest pain and
thus fast improvement in Rutherford class. On the other hand,
oral therapy was used in cases of patients with a long time nonhealing but stabilized ischemic wound as an attempt to improve the
healing in outpatient setting, what is much longer process than rest
pain elimination in subacute state. This can be one of the reasons
why the oral therapy improved over longer time as more wounds
healed. Another reason for this difference could be much sever
atherosclerotic arterial damage in CLTI patients, which progress
more quickly than in claudication group and it overwhelms effect
of the Sulodexid therapy in longer follow-up. Although this theory
doesn’t explain why there was still improvement in oral sub-group,
but it can explain worsening of CLTI and Rutherford class in
intravenous sub-group between 4 and 8 months.
There is an important fact influencing interpretation of
improvement in Rutherford class in CLTI cases-vast majority of
patients with ischemic wound were diabetics (87.5%). Diabetic
neuropathy is surely one of the risk factors for wound creation, but
it can also very negatively influence ranking a patient by Rutherford
5
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classification. If we have a patient with ischemic wound, he is rated
Rutherford 5, but when the wound is healed patient loses all
subjective symptoms (he feels no rest or walking pain) because of
diabetic neuropathy. According to clinical symptoms this patient
can be even rated Rutherford 0, what doesn’t reflect the severe
atherosclerotic damage in his or her lower limb arteries. This fact
can also distort evaluation of Sulodexide effect by Rutherford
classification. Because of these circumstances we consider
evaluating Sulodexide effect by a portion of patients relieved of
CLTI to be more appropriate and accurate than improvement in
Rutherford class.

CONCLUSION
During our retrospective study we verified overall positive effect
of Sulodexid therapy for PAD patients, even in the cases of CLTI
patients. Positive effect on improving PFWD is well known from
previous trials and in approval with these trials we observed a
significant improvement in PFWD both after intravenous and oral
medication. What is even more important for clinical praxis is the
effect of Sulodexid on CLTI. Sulodexide proved to be a potent
option for conservative therapy in difficult cases of CLTI patients
with no revascularization options. In our study most of the patients
suffering from CLTI at the start of Sulodexide therapy were
relieved of the rest pain or ischemic wounds. Sulodexid seems to
be an effective auxiliary treatment in CLTI cases with rational cost/
benefit ratio. In cases of claudication pain it could be even used as
standalone therapy (together with antiagregation medication and
physical training) improving patient quality of life and postponing
eventual intervention.
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