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1. Introduction — premises  
for the position

The Polish term “choroba tętnic obwodowych”, de-
rived from the term “peripheral artery disease” (PAD), 
is becoming increasingly popular in Polish medical 
articles and refers to the disorders of all peripheral 
arteries (carotid, vertebral, subclavian, renal, visceral, 
iliac, upper- and lower limb arteries), nearly always of 
atherosclerotic background.

From epidemiological standpoint, atherosclerosis 
of lower limbs is the most common form of peripheral 
artery disease; hence, an idea was proposed to develop 
a set of concise guidelines for the management and 

Table 1. Recommendation classes as routinely used in the European Society of Cardiology’s guidelines

Recommendation 
class

Definition Suggested wording to use

Class I Evidence and/or general agreement that a given treatment or procedure  
is beneficial, useful, effective

Is recommended/ 
/indicated

Class II Conflicting evidence and/or a divergence of opinion about the usefulness/ 
/efficacy of the given treatment or procedure

Class IIa Weight of evidence/opinion is in favor of usefulness/efficacy Should be considered

Class IIb Usefulness/efficacy is less well established by evidence/opinion May be considered

Class III Evidence or general agreement that the given treatment or procedure  
is not useful/effective, and in some cases may be harmful

Is not recommended

care provided to patients with lower extremity artery 
disease (LEAD)

The position of experts drawing up these guidelines 
for Polish physicians was largely based on the 2017 
guidelines of two major societies, namely The Euro-
pean Society of Cardiology (ESC) and the European 
Society for Vascular Surgery (ESVS). Classes and levels 
of evidence for individual recommendations are based 
on these guidelines (Tables 1, 2).

It is the hope of the article’s authors that it would 
contribute to expanding the knowledge regarding the 
diagnostics and treatment of LEAD among physicians of 
various specialties and prove helpful in their everyday 
medical practice. The ideal scenario would include 
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the establishment of multidisciplinary vascular teams 
focused on the treatment of peripheral artery diseases 
as outlined in the ESC and ESVS guidelines (Table 3).

2. LEAD Epidemiology and risk factors

2.1. LEAD epidemiology in Poland
Lower extremity artery disorder (LEAD) is one of the 
most commonly overlooked of the most prevalent 
diseases.

It is rarely diagnosed in subjects below the age of 
55; however, its incidence increases with age to reach 
8–10% in individuals above the age of 65 and about 
20% in individuals above the age of 80 [1].

Due to the variety of disease forms (Table 4) and 
high variability of risk factors in individual countries, 
epidemiological data are difficult to interpret and usually 
pertain to particular clinical forms of LEAD.

The wealth of the residents of individual countries 
and continents is also important in the epidemiology of 
LEAD. In high-income societies, LEAD is more prev-
alent in males whereas in low- and medium-income 

areas, the total incidence is higher in female rather than 
in male subjects [2].

There is now a growing conviction that the most 
reliable source of epidemiological data for the assess-
ment of LEAD prevalence consists in ankle-brachial 
index (ABI) measurements. As shown by the results 
of a German study carried out in 6880 subjects above 
the age of 65, LEAD defined as LEAD of less than  
0.9 was detected in 18% of the study population whereas 
the symptomatic form of the disease, as manifested by 
intermittent claudication, was observed in as little as 1/10 
of this number [3]. These data differ from those in most 
of other publications where the rate of symptomatic 
cases ranges between 1/3 and 1/5 of all LEAD patients.

The prevalence of severe LEAD, i.e. critical lower 
limb ischemia is low and amounts to 0.4%, which 
corresponds to annual incidence of 500–1000 cases 
per million individuals; it is higher in diabetic patients. 
The risk of lower limb amputation is high, with annual 
rate being estimated as 120–500 cases per million, 
symmetrically distributed between amputations above 
and below the knee [4].

Table 2. Levels of evidence as routinely used in the European Society of Cardiology’s guidelines

Level of evidence A Data derived from multiple randomized clinical trials or meta-analyses

Level of evidence B Data derived from a single randomized clinical trial or large non-randomized studies

Level of evidence C Consensus of opinion of the experts and/or small studies, retrospective studies, registries

Table 3. General recommendations on the management of patients with peripheral arterial disease (PAD) according to the 2017 
ECS and ESVS guidelines

Recommendations Recommendation class Level of evidence

In healthcare centers, it is recommended to set up a multidisciplinary Vascular 
Team to make decisions for the management of patients with PAD

I C

It is recommended to implement and support initiatives to improve medical 
and public awareness of PADs, especially cerebrovascular and lower extremity 
artery diseases

I C

Table 4. Lower extremity artery diseases — Fontaine and Rutherford’s classifications

Fontaine classification Rutherford’s classification

Grade Symptoms Grade Category Symptoms

I Asymptomatic 0 0 Asymptomatic

Ila Mild claudication I 1 Mild claudication

Ilb Moderate or severe claudication I 2 Moderate claudication

I 3 Severe claudication

III Ischemic rest pain II 4 Ischemic rest pain

IV Ulceration or gangrene III 5 Minor tissue loss

III 6 Major tissue loss
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Long-term observation studies carried out in Hol-
land provided an additional insight in the epidemiology 
of LEAD. Table 5 illustrates total LEAD morbidity in 
symptomatic and asymptomatic patients per 1000 
person-years.

Lower extremity artery disease may be fatal in out-
come. The mortality rates directly due to LEAD have 
increased in Europe to reach 3.5/100,000 individuals in 
2010. The numbers of life years lost due to LEAD are 
different in different regions of Europe and depend on 
numerous risk factors. Table 6 provides interesting epi-
demiological data from 3 different regions of Europe [6].  
However, one should keep in mind that most LEAD 
patients die from complications of coronary artery 
disease or brain stroke.

In Poland, precise and comprehensive epidemio-
logical data on the incidence and prevalence of LEAD 
are unavailable, and hence extrapolation of European 
or global data is required in many cases. The only 
available information consists in that each year, about 
40,000 patients present for the first time with early 
symptoms of LEAD.

As unambiguously shown by the results of epidemi-
ological data, there is a need to improve the diagnostic 
and therapeutic protection of LEAD patients; however, 
for reasons hitherto unknown, care provided to LEAD 
patients is of lower standard and markedly differs from 
that provided to coronary artery disease patients. As 
shown by the recently published PARTNERS (PAD 
Awareness, Risk, and Treatment: New Resources for 
Survival) study, individuals with LEAD had not been 
timely and properly diagnosed and, as a consequence, 
failed to receive optimum conservative treatment sim-
ilar to that provided to CAD patients [7].

2.2. Risk factors
Atherosclerosis leading to limb ischemia is the most 
common cause of lower extremity artery disease. 
Additional risk factors, markedly increasing the risk of 
ischemic disease, are also at play, and include:

•	 Smoking — a particularly strong LEAD risk factor [7]. 
Its population share in total risk was estimated to 
be about 44%. Notably, the connection between 
LEAD and smoking is maintained after cessation of 
smoking, albeit it is reduced significantly after more 
than 10 years from discontinuation of the habit [8].

•	 Diabetes — strongly correlated with LEAD; the 
odds ratio (OR) in population studies ranged be-
tween 1.9 and 4 [7, 9]. The risk increases with the 
duration of the disease. In diabetic patients, LEAD 
prognosis is usually worse than in non-diabetic pa-
tients. The risk of amputation is fivefold due to the 
specific location characteristics of atherosclerotic 
lesions which are frequently formed in distal arteries 
as well as to common comorbid neuropathy and 
increased risk of infections [10].

•	 Arterial hypertension — leading to increased inci-
dence of LEAD, with the OR as observed in large epi-
demiological studies ranging from 1.32 to 2.20 [7, 9]. 
Arterial hypertension in men aged 40–79 was asso-
ciated in a 2.42-fold increase in LEAD morbidity [7].  
In an analysis encompassing a total of 4.2 million indi-
viduals and 44,329 new cases of LEAD, a 20-mm Hg 
increase in systolic blood pressure (SBP) was corre-
lated with LEAD risk being increased by 63% [11].  
In a prospective populational study encompass-
ing 92,728 subjects, arterial hypertension was  
the strongest predictor of all acute forms of PAD, 
including acute mesenteric ischemia, acute limb 
ischemia, and chronic limb-threatening ischemia 
(CLTI), as well as of their respective treatment 
outcomes [12].

•	 Dyslipidemia — high prevalence of hypercho-
lesterolemia is an important factor contributing 
to LEAD. In most studies, total cholesterol levels 
were correlated with LEAD in multivariate analyses 
[13–15]. In a prospective study in 51,529 males 
aged 40–79 years and followed up for 2 decades, 
hypercholesterolemia was shown to be strongly, 
gradually, and independently related with clinically 

Table 5. Overall prevalence of lower extremity artery diseases (LEAD/1000 person-years (Holland — observation period 7.2 years)

Overall Males Females

Asymptomatic LEAD 9.9 7.8 12.4

Symptomatic LEAD 1.0 0.4 1.8

Table 6. Number of life years lost to LEAD/100,000 individuals in 2010

Western Europe Central Europe Eastern Europe

31.7 15.1 3.7



223www.journals.viamedica.pl/acta_angiologica

Recommendations for the management of lower extremity artery disease (LEAD)

overt LEAD [8]. Protective effects of low-density 
lipoprotein cholesterol (LDL-C) were observed in 
all large epidemiological studies. In a comparison 
of new LEAD cases with a healthy control, the 
strongest relationship with the disease was observed 
for the total cholesterol to high-density lipoprotein 
cholesterol (HDL-C) ratio [16]. Lipoprotein(a) levels 
were correlated with the presence and progression 
of LEAD [17, 18].

•	 Age — the risk of atherosclerosis increases with 
age; first symptoms develop usually after the age 
of 40 [19].

•	 Gender — the development of the disease is more 
common in male patients; however, the risk in post-
menopausal women is the same as in males within 
the same age group due to hormonal changes [19].

•	 Increased homocysteine and fibrinogen levels — 
both substances promote endothelial damage [16].

2.3. New findings from basic research  
on the pathogenesis of PAD
Dysfunction of vascular endothelium is one of the main 
factors initiating the development of atherosclerotic 
lesions within the arterial system. It is a multifactorial 
process resulting from natural changes in endothelial 
function due to aging as well as from adverse environ-
mental factors and factors related to the metabolic 
status of the system. Although the aging of arteries is 
unavoidable, appropriate lifestyle, diet, or selection of 
medications may slow down the process [20].

Despite the fact that the findings from clinical studies 
are frequently contradictory, increasing the antioxida-
tive potential of endothelial cells is still believed to delay 
their aging. Increased activity of arginase I in endothelial 
cells accelerates their aging by means of uncoupling 
endothelial nitric oxide (NO) synthase subunits with 
simultaneous oxidative stress and inflammatory reaction 
among other factors. These processes were inhibited 
in the presence of N-acetylcysteine (NAC) — a sub-
strate for glutathione synthesis [21]. As demonstrated 
earlier, long-term supplementation with NAC inhibits 
endothelial cell aging in patients with peripheral artery 
atherosclerosis [22]. An important approach to slow-
ing down the development of atherosclerotic lesions 
consists in maintaining appropriate endothelial NO 
production and its availability within the vascular bed. 
As shown in in vitro studies, inhibition of arginase II in 
endothelial cells increased the availability of NO [23]. 
Another approach consists in supplementation with 
L-arginine but also with L-citrulline to slow down 
endothelial aging, inhibit oxidative stress, and increase 
NO production [24].

The aging of arterial endothelial cells exposed to 
serum collected from patients with peripheral ather-

osclerosis is inhibited by sulodexide (Vessel Due F®): 
a blend of heparin and dermatan sulphate — natural 
constituents of cell glycocalyx. Sulodexide reduced 
the prothrombotic and pro-inflammatory properties of 
arterial endothelium cells caused by their aging at both 
gene expression and secretion levels [25]. Other studies 
revealed that sulodexide contributes to reconstruction 
of damaged glycocalyx layer on the endothelial surface, 
normalizes the plasma concentration of adhesion pro-
teins, and reduces total and LDL cholesterol levels while 
increasing HDL-C levels [26]. The protective effect of 
sulodexide on endothelial cells was also demonstrated 
in hyperglycemic conditions [27].

Another approach to treatment or correction of 
atherosclerotic lesions consists in administration of 
endothelial cell growth factors to stimulate new vessel 
formation or in a transfer of genes to stimulate the 
systemic production of these substances. Research is 
also under way to assess the applicability of autologous 
stem cells or endothelial progenitor cells for in vivo 
vessel reconstruction. Results of preliminary clinical 
trial suggest the efficacy of these novel therapies as 
reflected by reduction of pain and faster ulcer healing. 
A supplement to these studies is provided by research 
aimed at preparation of biocompatible substrates facil-
itating implantation and growth of stem cells for faster 
initiation of the formation of new blood vessels [28].

2.4. Prognosis
As atherosclerosis is a generalized process, one should 
keep in mind that patients with lower extremity artery 
disease may also be at risk of cardiovascular (CV) and 
cerebrovascular incidents. Numerous studies suggest 
increased rates of morbidity and mortality related to 
myocardial infarction of brain stroke in patients with 
symptomatic or asymptomatic LEAD [7].

ABI is used not only for the diagnosis of LEAD as it is 
also a strong prognostic factor for CV incident (Fig. 1).  
ABI values of less than 0.90 are associated with  
a more-than-twofold increase in the rates of coronary 
incidents, CV-associated deaths, and overall deaths 
over ten years [29]. Over a five-year follow-up period, 
myocardial infarction or brain stroke were observed in 
20% of patients with intermittent claudication, while 
the mortality risk was as high as 10–15% [30]. Figure 2 
illustrates the markedly increased risk of fatal incidents 
for ABI values of less than ABI 0.9 or more than 1.4 [31].

While LEAD is a progressive disorder, its clinical 
course may be surprisingly stable in many cases. As 
suggested by long-term study results, significant de-
terioration of clinical status is observed only in about 
25% of patients with intermittent claudication. Limb 
amputation is performed only in about 1.0– 3.3% of pa-
tients with intermittent claudication. Figure 3 presents 
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Figure 2. Risk of fatal events in males and females depending on the ankle-brachial index (ABI) value [31]

Figure 3. Natural history of lower extremity artery disease
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values

Normal 
ABI

0.9 1.0 1.4

Figure 1. Interpretation of ankle-brachial index (ABI) measurements
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Table 7. Vascular, non-atherosclerotic causes of chronic lower 
limb ischemia

Vasculitis 1.3%

Peripheral arterial embolism, embolizing an-
eurysm

0.6%

Fibromuscular dysplasia, compression syn-
dromes (e.g. popliteal artery entrapment 
syndrome), vascular trauma, chronic venous 
insufficiency

0.1%

Table 8. AHA PAD Symptom Checklist [33]

Age above 50 

Smoking

Concomitant diseases
•	 diabetes
•	 chronic renal insufficiency
•	 arterial hypertension
•	 hypercholesterolemia

 

Family history of peripheral artery disease

Have you ever been diagnosed for peripheral 
artery disease, ischemic heart disease, or 
brain stroke?

Do you ever experience leg fatigue, heaviness, 
or muscle cramps, particularly during activi-
ties?

When looking at your toes and feet, do you 
see that they are pale, discolored, or blueish?

If you feel leg pain, does it disturb your sleep?

Have you ever had slowly-healing or non-
healing ulcers on your toes, feet, or shanks?

Do you regularly have the impression that one 
of your limbs is colder than the other?

Have you noticed slow growth of toenails and 
reduced hair growth on your toes and feet?

the natural history of LEAD indicating that significant 
mortality is due to CV incidents of brain stroke rather 
than to limb amputation [32].

3. Diagnostic Management

3.1. Interviews
Medical interview consists in the collection of infor-
mation on the presence of clinical symptoms of lower 
extremity artery disease (LEAD), cardiovascular risk 
factors, history of surgeries and concomitant diseases. 
The interview outline should be aimed at obtaining 
information on current major pain disorders, the onset 
and the natural history of the disease, other concom-
itant disorders, and the treatment to date together 
with the information on patient’s lifestyle, diet, physical 
activity, smoking status and alcohol intake.

Pain disorders due to chronic lower ischemia of lower 
limbs in the course of atherosclerosis should be differ-
entiated from the frequently concomitant neurological 
symptoms originating from lumbosacral spine, osteoar-
thritis, or other vascular symptoms as listed in Table 7.

Considering the generalized character of the dis-
ease and the possibility of symptoms of ischemia being 
previously evident in another body region, particular 
attention should be paid to the presence of symptoms 
of coronary artery disease, central nervous system 
ischemia, abdominal angina, or erectile dysfunction.

Due to the dynamic civilizational progress associated 
with reduced physical activity of humans, typical symptoms 
of lower limb ischemia such as intermittent claudication 
may be diagnosed very late into the course of the disease.

Properly collected medical interview should be 
included in medical records for easier analysis of the 
efficacy of future treatment.

The American Heart Association (AHA) AHA PAD 
Symptom Checklist [33] may come in useful when 
carrying out interviews with LEAD patients (Table 8).

3.2. Physical examination
Heart rate palpation is the primary component of physi-
cal examination. Within the lower extremities, palpation 

is performed in a comparative manner on both limbs — 
within the groin (common femoral artery), within the 
popliteal fossa (infrapopliteal artery), beyond the medial 
malleolus (posterior tibial vein) and on the dorsum of 
the foot (anterior tibial/dorsalis pedis artery) (Fig. 4).

Despite its simplicity, the technique has certain diag-
nostic limitations, particularly in obese patients, patients 
with concomitant limb edema, and patients with low 
blood pressure. Palpation of infrapopliteal artery may 
be particularly difficult due to the anatomical location of 
the vessel. However, its is not possible to unambiguously 
rule out LEAD on the basis of the presence of palpable 
pulse in the arteries of feet. Wrong assessments are made 
in more than one third of cases due to examiner error. 
Characterized by sensitivity of 20%, palpation alone is 
insufficient for the diagnosis of LEAD and, when used 
as the primary examination, should be combined with 
auscultation (sensitivity of 75%, specificity of 40%) [34]. 
Combination of pulse palpation and auscultation with 
the presence of intermittent claudication increases the 
efficacy detecting a clinically significant arterial stenosis 
to 84% [35].

Another, equally important element of physical ex-
amination consists in visual inspection of the limbs. In 
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the course of the examination, attention should be paid 
to the condition of hair and the appearance of toenails. 
Chronic ischemia is associated with the loss of hair 
and dull, thickened toenails. Changes in skin coloration 
manifested as either pallor or redness provide valuable 
information on the degree of blood supply restriction. 
Muscular atrophies are typical symptoms of chronic 
lower limb ischemia; however, one should also keep in 
mind that disproportionate limb circumferences may also 
be due to chronic insufficiency or thrombosis of veins.

Combination of all the above elements of physical 
examination facilitates an objective assessment of the 
degree of limb ischemia, management strategy and 
prognosis.

3.3. Laboratory investigations
Laboratory investigations are helpful in the assessment 
of the risk factors of atherosclerosis and cardiovascular 
diseases. According to the ECS/ESVS guidelines [36], 

recommended analyses include peripheral blood counts, 
electrolytes, albumins, fasting glycemia, lipid profile (to-
tal cholesterol, LDL-C, HDL-C and triglycerides), uric 
acid and creatinine including calculation of estimated 
glomerular filtration rate (eGFR) as presented in Table 9.

Inflammatory markers and coagulation factors con-
stitute the group of “novel” cardiovascular risk factors. 
C-reactive protein (CRP), fibrinogen, homocysteine, 
matrix metalloproteinases (MMP-2, MMP-9), interleu-
kins (IL-6, IL-1), and micro-RNA are among those most 
commonly examined. Correlations were demonstrated 
between these factors and the function of platelets and 
coagulation system, fibrinolysis, endothelial function, 
and generalized inflammatory response [37]. In recent 
years, particular attention was drawn to the assess-
ments of micro-RNA — one of the major post-tran-
scriptional regulators of gene expression. Numerous 
reports confirm the particular role of micro-RNA in 
the pathogenesis of ischemic heart disease and lower 
limb atherosclerosis. The increase in the values of the 
aforementioned factors is prognostic for the risk of both 
atherosclerosis and its complications [38, 39].

3.4. Methods for LEAD diagnostics

3.4.1. Ankle-brachial index
The ankle-brachial index (ABI) is the ratio of systolic 
blood pressure recorded at foot arteries (anterior tibia/ 

Table 9. Laboratory investigations supporting the assessment 
of the risk factors of atherosclerosis and cardiovascular  
diseases

Routine analyses

Fasting plasma glucose

Fasting serum lipid profile:
•	 Total cholesterol
•	 Triglycerides
•	 High-density lipoprotein cholesterol
•	 Low-density lipoprotein cholesterol

Serum creatinine and creatinine clearance

Urinalysis: proteinuria dipstick test, microalbuminuria

•	 Peripheral blood counts
•	 Uric acid

Additional investigations depending on the findings in the 
interview, physical examination, and routine laboratory 
tests.

If fasting plasma glucose > 5.6 mmol/L (101 mg/dL),  
hemoglobin A1c or oral glucose tolerance test

Lipoprotein(a) in cases of premature cardiovascular  
diseases in family history

Quantitative proteinuria in cases of positive dipstick tests

Dorsalis 
pedis 
artery

Common 
femoral 
ar tery

Popliteal 
ar tery

Posterior 
tibial 
ar tery

Figure 4. Anatomy of arterial vasculature within the lower 
limbs with identification of places for pulse palpation
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/dorsalis pedis artery and posterior tibial artery) to that 
recorded at brachial arteries of both upper extremities. 
Proper measurement consists in dividing the larger 
pressure as measured within the foot by the larger 
pressure as measured within the upper extremities. 
ABI is determined using a standard blood pressure 
gauge and a Doppler flow detector (“blind Doppler”) 
or a Doppler ultrasound apparatus with an 8–14 Hz 
transducer.

To make the results more objective, the measure-
ments should be performed after the patient has been 
at rest for about 10 minutes. According to the guidelines 
of numerous scientific associations, including ESC, ESVS, 
Society for Vascular Surgery (SVS), American College 
of Cardiology/American Heart Association (ACC/AHA) 
and TransAtlantic Inter-Society Consensus (TASC II), 

ABI of 0.9 is considered to be a threshold value. Values 
below 0.9 are indicative of clinically significant LEAD 
[40–44].

In patients with intermittent claudication, ABI val-
ues range between 0.5 and 0.9 and drop below 0.5 in 
patients with critical ischemia.

Results higher than 1.4 should be interpreted with 
caution.

Usually, these are due to the presence of strongly 
calcified atherosclerotic lesions within the arteries 
of patients with diabetes and advanced chronic renal 
insufficiency [45].

Figure 5 illustrates the principles of ABI measure-
ments, whereas Tables 10 and 11 provide the list of in-
dications and principles for the interpretation of results 
according to the ASC/ESVS guidelines [36].

Brachial 
ar tery

Anterior 
tibial 
ar tery

Posterior 
tibial 
ar tery

Doppler transducer

Doppler transducer

Figure 5. Principles of proper ankle-brachial index measurements
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3.4.1.1. How to measure the ABI?
For the purpose of ABI measurements, patients should 
be brought to recumbent position and the cuff should 
be placed just above the ankle while avoiding any 
wound regions. After 5–10 minutes of rest, a Doppler 
transducer (5–10 MHz)is used to measure SBP within 
the posterior and anterior tibial arteries (or the dorsalis 
pedis artery) of each lower limb and within the brachial 
arteries of each upper limb. Automated blood pressure 
cuffs are usually not validated for ankle pressure meas-
urements; in cases of low ankle pressure, the readings 
may be overestimated. For each lower limb, the ABI is 
calculated by dividing the highest SBP value in the ankle 
region by the higher of the SBP values measured within 
the upper limbs (Fig. 5).

American Diabetes Association recommends ABI 
screening tests in all diabetic patients above the age 
of 50; if the results are within the reference range, 
the test should be repeated every 5 years. Diabetic 
patients below the age of 50 should undergo screening 
tests if other risk factors are present such as smoking, 
arterial hypertension, hyperlipidemia, or the duration 
of diabetes being longer than 10 years [46].

According to the ACC/AHA guidelines, ABI meas-
urements are indicated in patients aged 65 or more yeas 

as well as in patients aged 50 or more years presenting 
with additional risk factors such as diabetes, smoking, 
or intermittent claudication [32, 47].

Recommendation classes and levels of evidence for 
the ESC/ESVS guidelines [36] are presented in Table 12.

3.4.1.2. Toe-brachial index
In diabetic patients in whom ABI was found to ex-
ceed 1.4, the toe-brachial index (TBI) should be 
determined for better objectivization of results. The 
measurement is made by placing the cuff on the big 
toe and the determining the pressure value using 
a “blind Doppler” or a Doppler ultrasound device 
with a linear probe. TBI values of less than 0.7 are 
considered abnormal [48].

The toe pressure measurement is mainly a measure 
of perfusion via the posterior tibial artery. In case the 
measurement results are inadequate for the clinical 
symptoms of ischemia, additional measurements are 
recommended within the remaining toes as the per-
fusion of the lateral part of the foot is achieved via the 
anterior tibial artery and can’t be assessed by the TBI 
measured on the big toe.

Toe arteries are rarely calcified allowing for diagnosis 
of LEAD in cases of ambiguous ABI results [33, 49].

Table 10. Indications for ankle-brachial index (ABI) measurements

Who should be subjected to ABI measurements in clinical practice?

Patients with clinical suspicion of LEAD:
•	No pulse within lower limb arteries and/or vascular murmur
•	Typical intermittent claudication or symptoms suggestive of LEAD
•	Non-healing wound within a lower limb

Patients in the LEAD risk group due to the following clinical conditions:
•	Diseases of atherosclerotic background: CAD, any PAD
•	Other conditions: AAA, CKD, heart failure

Asymptomatic individuals from LEAD risk groups:
•	Males and females aged > 65
•	Males and females aged < 65 in the high cardiovascular risk group according to ESC guidelines
•	Males and females aged > 50 with family history of LEAD

AAA — abdominal aortic aneurysm; CAD — coronary artery disease; CKD — chronic kidney disease; ESC — European Society of Cardiology; LEAD — lower  
extremity artery disease; PAD — peripheral artery disease

Table 11. Ankle-brachial index (ABI) measurement interpretation rules

How to interpret the ABI readings?

For a LEAD diagnosis to be made, ABI values should be interpreted separately for each lower limb (one ABI value per limb)
For stratification of cardiovascular risk, the lowest ABI value as measured in both limb is taken into account 
Interpretation:
•	ABI abnormally low — < 0.9
•	Borderline values — 0.9–1.0
•	Normal ABI — 1.0–1.4
•	ABI abnormally high — > 1.4
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Table 12. Recommendations for ankle-brachial index (ABI) measurements

Recommendations Recommendation class Level of evidence

Measurement of the ABI is indicated as a first-line non-invasive test for 
screening and diagnosis of LEAD

I C

In the case of incompressible ankle arteries or ABI > 1.40, alternative 
methods such as the toe-brachial index, Doppler waveform analysis or pulse 
volume recording are indicated

I C

Supportive methods such as TBI should be used 
whenever the ABI results are considered inappropriate.

TBI measurements are recommended in patients 
with trophic disorders, diabetic patients and all patients 
with ABI of above 1.4.

3.4.2. Exercise tests
In case of ambiguous ABI measurements, functional 
exercise stress test should be performed as part of 
LEAD diagnostics.

When performed after 10 minutes of rest, ABI 
measurement may fail to reflect the less intense symp-
toms of chronic limb ischemia. Second measurement 
taken at rest immediately following physical exercise 
increases the sensitivity of LEAD screening by 10%. If 
no treadmill is available, the measurement may be taken 
after an intensive series of standing on one’s toe or after 
a quick stroll along a predefined length of a corridor.

The treadmill test consists in ABI being measured at 
rest and then after exercise load exerted by walking at 
the speed of 3 km/h on a treadmill set at 12% incline. 
The patient walks at a steady pace and at a steady 
incline as long until they feel pain in their limb or until 
the predefined test duration has elapsed. A 20% drop 
in the ABI value confirms the diagnosis of LEAD [50].

Exercise tests are also for objectivization of treat-
ment outcomes. The 36-Item Short Form Health 
Survey (SF-36) pr the (Walking Impairment Question-
naire (WIQ) are helpful tools for recording treatment 
efficacy [51].

In case of ambiguous ABI measurements, functional 
exercise stress test should be performed as part of 
LEAD diagnostics.

3.4.3. Imaging studies

3.4.3.1. Duplex ultrasonography (DUX)
Doppler ultrasonography is the primary tool for the 
diagnostics of cardiovascular diseases. Thanks to its 
non-invasive character and relatively low cost, it is an 
attractive alternative to other methods used in the 
diagnostics of LEAD such as angio-CT, angio-MR, or ar-
terography. Doppler ultrasound provides precise infor-
mation on the degree of arterial stenosis or obstruction 

and the extent of lesions as well as on the morphological 
nature and stability of atherosclerotic plaque. The flow 
rate measurement and the character of the Doppler 
spectrum provides additional information on lesion 
severity with the sensitivity of 87–92% and specificity 
of 94–99% compared to angiography [52, 53].

Examination of lower limb arteries starts with the 
assessment of the abdominal aorta and iliac arteries 
using a 3.5 MHz convex transducer.

Infra-inguinal arteries are assessed using linear 
transducers with the frequency of 5–7.5 MHz. Trans-
ducers with higher frequencies may also be used albeit 
at the cost of examination quality, particularly in obese 
patients or patients with extensive muscle buildup. The 
assessment of the degree of arterial stenosis is based 
on calculating the Kohler’s ratio of peak systolic flow 
velocities or Cosman’s absolute peak systolic velocity 
as presented in Tables 13 and 14.

A limitation to Doppler ultrasound evaluation of 
lower limb arteries consists in difficult morphological 
assessment of low-diameter infrapopliteal arteries and 
iliac arteries in obese patients. However, this limitation 
is of no clinical importance when the examination is 
carried out by an experienced operator.

Careful photographic documentation of the ex-
amination should be provided in all cases so that the 
images fully reflect all information contained within 
the summary.

Routine contrast administration is not recommend-
ed in patients undergoing ultrasound diagnostic exami-
nation of lower limbs due to LEAD [54].

Duplex ultrasonography is used in preliminary 
diagnostics of LEAD.

Its diagnostic value depends on the operator’s skill, 
technical parameters of the device, and individual pa-
tient-related factors (Fig. 6).

3.4.3.2. Computed tomography angiography  
(angio-CT)
Multi-slice computed tomography angiography (an-
gio-CT) is a non-invasive diagnostic method facilitating 
detection of aortoiliac stenoses larger than 50% with 
the sensitivity of 96% and specificity of 98%, and 
femoro-subpoliteal stenoses with the sensitivity of 
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97% and specificity of 94% when using a 64-slice CT 
apparatus [55].

The examination is characterized by short duration, 
low number of artifacts, and the possibility of spatial 
imaging by means of 3D reconstruction. Despite the on-
going technological progress in computed tomography, 
interpretation of examination results may sometimes 
be difficult with regard to low-diameter infrapopliteal 
arteries with significant degree of calcification [56].

A disadvantage and limitation of angio-CT consists 
in X-ray exposure, nephro- and thyreotoxicity, and 
hypersensitivity reactions to contrast agents. For this 
reason, determination of creatinine, eGFR and thyroid 
stimulating hormone levels is recommended not later 
than 7 days prior to the examination. Patients with low 
renal parameters should be properly hydrated both 
before and after the examination.

Pregnancy is an absolute contraindication to an-
gio-CT scans; they may be performed only when 
maternal or fetal life is at risk. Hypersensitivity to io-
dine is another absolute contraindication to angio-CT 
scans. Particular care should also be taken in patients 
with renal, hepatic, or thyroid diseases and allergies 
[57] (Fig. 7).

Table 13. Kohler’s ratio of peak systolic flow velocities-based criteria

1 Unremarkable vessel — triphasic flow, no spectrum widening

2 Stenosis < 20% — triphasic flow with slight spectrum widening, slight increase in peak systolic velocity not exceeding 
30% compared to the proximal segment. Proximal and distal flow spectra unremarkable

3 Stenosis 20–49% — triphasic flow maintained at the stenotic site with regurgitation wave decreasing with the 
increase in lesions, marked widening of flow spectrum with fill-in of the spectrum window, PSV at stenosis increased  
by 30–100% compared to the proximal segment. Distal flow spectrum unremarkable

4 Stenosis 50–99% — monophasic flow at the stenotic site, no regurgitation wave, spectral widening (with marked  
turbulences at more severe stenoses), PSV at stenosis increased by more than 100% compared to the proximal  
segment. Peripheral flow monophasic, with velocity reduction dependent on the degree of stenosis

5 Vessel obstruction — no color signal or flow within the vessel lumen. Upstream flow slow, with increased resistance, 
peripheral vessels with slow, monophasic flow. Collateral circulation vessels with non-physiological flow directions  
are frequently detectable near the lower margin of obstruction. In cases of iliac vessel obstruction, reversed flow  
may be observed in larger vascular trunks (e.g. deep femoral artery)

Table 14. Cosman’s absolute peak systolic velocity-based criteria

PSV cm/s Velocity ratio

Unremarkable < 150 < 1.5:1

30–49% 150–200 1.5:1–2:1

50–75% 200–400 2:1–4:1

> 75% > 400 > 4:1

Obstruction No flow

3.4.3.3. Magnetic resonance angiography (angio-MR)
Just like computed tomography angiography, magnetic 
resonance angiography (angio-MR) is a non-invasive, 
operator-independent imaging technique. High-quality 
3D reconstructions may be generated with high sen-
sitivity and specificity of 86% and 93%, respectively, 
as compared to standard angiography. An advantage of 
the technique consists in the use of non-ionic contrasts 
(gadolinium) which are much less nephrotoxic. Gadolin-
ium contrasts are also 6 to 8 times less allergenic (1%).

Significant limitations of angio-MR include the long 
duration of the examination, possibility of patient ex-
periencing claustrophobia, contraindication in patients 
with pacemakers or other metallic implants, and sig-
nificant impact of motion artifacts.

Angio-MR scan may be acquired without administra-
tion of the contrast agent; however, this is associated 
with poorer visualization of lesions and larger number 
of artifacts [58] (Fig. 8).

3.4.3.4. Digital subtractive angiography
Digital subtraction angiography (DSA) is considered the 
gold standard in vascular imaging; however, the method 
has lost much of its value as a diagnostic method due 
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to its invasiveness and potential of serious, sometimes 
life-threatening complications. Potential iatrogenic 
complications such as hematoma, pseudoaneurysm, 

bleeding, arteriovenous fistula, arterial thrombosis and 
contrast-induced complications are observed in 0,7% of 
cases and are associated with a 0.16% mortality rate [40].

The greatest advantage of DSA, responsible for its 
superiority over angio-CT i angio-MR, is the quality of 

Figure 6. Duplex imaging scan from the records of the Department of Vascular Surgery and Angiology, Medical University of Lublin

Figure 7. Computed tomography angiography (angio-CT) 
scan — courtesy of prof. Witold Krupski, z from the records of 
the 2nd Department of Medical Radiology, Medical University 
of Lublin

Figure 8. Magnetic resonance angiography (angio-MR) scan 
— courtesy of prof. Radosław Pietura, from the records of 
the Department of Interventional Radiology and Diagnostic 
Imaging, Independent Public Clinical Hospital no. 1 in Lublin
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images of small caliber arteries, particularly the foot 
arch vessels. In addition, DSA facilitates visualization of 
collateral circulation and measurement of pressure gra-
dients for determination of hemodynamic significance 
of stenoses subject to investigation.

Subtractive angiography facilitates combining the 
diagnostic procedure with an artery repair intervention. 
In patients with intermittent claudication, subtractive 
angiography should be performed only as direct prelude 
to an intervention as part of the same procedure (Fig. 9).

3.4.3.5. Carbon dioxide angiography
In patients with chronic renal insufficiency not requir-
ing hemodialysis, carbon dioxide (CO2) angiography 
provides a valuable alternative to conventional angi-
ography involving the use of contrast agents. The use 
of a nephrotoxic contrast agent at this stage of renal 
insufficiency might lead no irreversible damage and 
requirement of continuous dialysis therapy. Carbon 
dioxide angiography provides good imaging of large 
vessels from the aorta down to the popliteal artery; it 
may be insufficient for proper assessment of infra-pop-
liteal vessels or potential in-stent stenosis. In such cases, 
supplemental examination with a small quantity of 
iodine-based contrast is recommended [59] (Fig. 10).

Table 15 presents ESC recommendations for ra-
diological diagnostics of chronic lower limb ischemia.

Figure 9. Digital subtractive angiography (DSA) scan — co-
urtesy of prof. Radosław Pietura, from the records of the De-
partment of Interventional Radiology and Diagnostic Imaging, 
Independent Public Clinical Hospital no. 1 in Lublin

Figure 10. Carbon dioxide angiography scan — courtesy of 
prof. Radosław Pietura, from the records of the Department 
of Interventional Radiology and Diagnostic Imaging, Indepen-
dent Public Clinical Hospital no. 1 in Lublin

Table 15. European Society of Cardiology and European Society of Vascular Surgeon’s recommendations for radiological diag-
nostics of chronic lower limb ischemia

Recommendations Recommendation class Level of evidence

DUS is indicated as a first-line imaging method to confirm LEAD lesions I C

DUS and/or CTA and/or MRA are indicated for anatomical characterization  
of LEAD lesions and guidance for optimal revascularization strategy

I C

Data from an anatomical imaging test should always be analyzed in conjunction 
with symptoms and hemodynamic tests prior to a treatment decision

I C

DUS screening for AAA should be considered IIa C
angio-CT — computed tomography angiography; angio-MR — magnetic resonance angiography; DUS — duplex ultrasonography; LEAD — lower extremity artery 
disease
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3.4.4. Other investigations
Other examinations used in the diagnostics of LEAD 
include plethysmography, transcutaneous oxygen pres-
sure measurements, and near infrared spectroscopy 
(NIRS).

Due to the limited specificity and sensitivity of these 
methods, combination of several diagnostic procedures 
may be required. As the result, the clinical importance 
of individual methods remains rather low [60, 61].

3.5. Summary
Principles for interviews, physical examinations, and 
diagnostics of patients with chronic lower limb ischemia 
were presented in this chapter.

Figures 11 and 12 present the proposed algorithms 
for the management of asymptomatic and symptomatic 
lower limb ischemia based on the SVS guidelines for the 
diagnostics of chronic lower limb ischemia modified so 
as to correspond to ABI values and patient age ranges 
defined in European guidelines.

4. Treatment

4.1. Non-pharmacological management  
(smoking, physical activity, diet)

4.1.1. Background
Non-pharmacological management of LEAD patients 
is the foundation of the therapeutic process and trans-

lates into reduced CV risk, improved prognosis, and 
improved functioning of patients [62]. Modification of 
the risk factors profile may contribute to the reduction 
of the severity and progression of atherosclerosis as 
well as to a delay in the onset of complications. PAD 
is associated with significantly elevated CV risk profile. 
Study results show that the management of LEAD 
patients, both pharmacological and lifestyle-related, 
is less intensive than the management of patients with 
coronary artery disease brain vessel diseases [63].

4.1.2. General recommendations
With regard to the populations of patients with all types 
of atherosclerotic diseases, non-pharmacological man-
agement consists in broadly understood lifestyle mod-
ifications. Usually, this relates to cessation of smoking, 
taking up physical exercise, improvement in patient’s 
diet and loss of body weight [14, 64-66]. Compared to 
pharmacological treatments, the efficiency of individual 
types of non-pharmacological interventions is more 
difficult to assess in a randomized clinical study setting, 
for example due to the different degrees of patient 
compliance. However, data suggesting a preference 
for particular interventions as being superior to others 
are available.

4.1.3. Smoking [67]
•	 Smoking is associated with the development of ath-

erosclerosis and, by its contribution to endothelial 

ABI ≤ 0.90 ABI 0.91–1.4 ABI > 1.4

Patients with diabetes or patients with severe renal impairment may present with falsely elevated ABI values due 
to vessel calcication. In such cases, the toe-brachial index is measured instead

•  No pulse or altered pulse in foot arteries
•  Age ≥ 65 years
•  Age 50–64 years and history or smoking or diabetes

Ankle-brachial index (ABI) measurement

Diagnosis of LEAD
Normal value. 
No further diagnostics

for Doppler US 
assessment. 
Toe pressure 
measurement

Figure 11. Algorithm for the management of asymptomatic lower extremity artery disease (LEAD)
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damage and blood flow disturbances, constitutes 
the strongest risk factor of intermittent claudication 
and LEAD.

•	 Statistically, diagnosis of LEAD is made about 10 
years earlier in smokers as compared to non-smok-
ers. The larger the number of cigarettes a pa-
tient smokes every day, the higher the intensity of 
symptoms. In addition, nicotinism is a risk factor of 
asymptomatic forms of LEAD diagnosed in popu-
lation screenings.

•	 As shown by the study results, surgical vascular 
reconstruction procedures were more than three 
times more common in patients with intermittent 
claudication and history of smoking involving at 
least 40 packet-years as compared to patients who 
smoked less. In smokers diagnosed with LEAD, 
the frequency of major amputations ranges from 6 
to 11% while being sporadic in non-smokers. The 
rate of procedural failures is also higher in smoking 
patients.

•	 Switching to heat-not-burn devices, such as IQOS®, 
is a sort of an alternative for smoking patients. 

4.1.4. Physical activity [68–70]
•	 The risk of LEAD is inversely proportional to pre-

vious physical activity levels suggesting a protective 
effect of prophylactic exercise.

•	 Studies showed that the ability to walk, the max-
imum walking distance (MWD) and other com-
petence parameters in patients with intermittent 
claudication are markedly improved by regular 
training which also contributes to the modification 
of risk factors.

•	 Regular exercise is also important in the context of 
other atherosclerotic diseases that are concomitant 
to LEAD as well as in the context of increased CV risk 
in LEAD patients. Numerous meta-analyses are indic-
ative of the benefits of physical exercise in patients 
with ischemic heart disease and chronic heart failure.

4.1.5. Diet [71, 72]
•	 Patients with any type of atherosclerotic disease 

should be on a diet including a reduced intake of 
saturated fats, trans fats and fats of animal origin.

•	 Evidence is available on the benefits of Mediter-
ranean diet rich in fruit, nuts, vegetables, fish, and 
unsaturated vegetable fats.

•	 However, no studies on the supplementation with 
individual nutrients provided any evidence on their 
potential benefits in LEAD patients.

•	 Therefore, dietary recommendations suggest a 
broadly understood healthy, low-fat diet aimed 
primarily at the reduction of cholesterol levels and 
inhibition of atherosclerosis.

LEAD diagnosis

Specialist 
treatment

Ankle-brachial 
index measurement

ABI 0.91–1.4

Exercise test

Patients with diabetes or patients with severe renal impairment may present with falsely elevated ABI values due to vessel 
calcication. In such cases, the toe-brachial index is measured instead angio-CT — computed tomography angiography; 
angio-MR — magnetic resonance angiography; SG — sonography

LEAD symptoms

Critical limb ischemia:
•  rest pain
•  tissue loss
•  untreated ulcers
•  necrosis

•  Atypical symptoms
• I ntermittent claudication

ABI ≤ 0.9 or > 1.4

•  Consider a specialist 

 severity of symptoms:
 — Duplex SG
 — angio-CT
 — angio-MR
 — angiography

 consultation
•  Further diagnostics 
 depending on the 

Abnormal: 
post-exercise
ABI reduced 
by 20%*

Normal: 
post-exercise 
ABI unchanged 
or increased

Figure 12. Algorithm for the management of symptomatic lower extremity artery disease (LEAD)
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4.1.6. Summary of recommendations
At this time, no data from controlled, randomized 
clinical trials are available to suggest any benefits 
from any particular lifestyle modification dedicated to 
LEAD patients so as to reduce the mortality rate and 
incidence of CV events. Therefore, it is suggested that 
patients follow the recommendations for the entire high 
cardiovascular risk population. Convincing evidence is 
available to support the benefits of smoking cessation, 
increased physical activity, and improved diet. Guide-
lines of individual scientific associations differ slightly 
in their approach to individual interventions [36]. The 
summary of these guidelines is presented in Table 16.

4.2. Lipid-lowering treatment

4.2.1. Background
All LEAD patients are subject to the same principles 
of lipid-lowering treatment regardless of whether they 
receive medical therapy, are prepared for a surgical 
or endovascular procedure, or receive secondary 
prevention (following a procedure, a cardiovascular 
event, or amputation). Lipid-lowering treatment ex-
tends lifespan, reduces the risk of myocardial infarction 
and brain stroke, reduces the need for endovascular 
revascularization and the rate of amputations; as such, 
it is mandatory in all LEAD patients.

Table 16. Summary of recommendations regarding non-pharmacological pro-health interventions in patients with lower extremity 
artery disease (LEAD) as suggested by major scientific associations — European Society of Cardiology (ESC) and American Heart 
Association (AHA)

ESC Guidelines 
(LEAD)

AHA Guidelines (LEAD) ESC Guidelines (prevention)

Smoking Smoking cessation 
is recommended 
in all LEAD  
patients

LEAD patients who smoke or use other 
forms of tobacco should be educated at 
every visit regarding the need to quit  
smoking. Smoking LEAD patients should  
be helped with the establishment of a plan 
to quit smoking consisting of pharmacothe-
rapy (i.e. varenicline, bupropion  
and/or nicotine replacement therapy) and  
or referral for a smoking cessation  
program. LEAD patients should avoid  
exposure to environmental smoke at work, 
home, and public spaces

Avoiding exposure to any form of 
tobacco smoke is recommended

Diet Patients are  
recommended 
to follow healthy 
diet

With low saturated fat content, with 
particular focus on whole-grain  
products, vegetables, fruit, and fish

Physical activity Cardio workout 
supervised by 
medical personnel 
is recommended. 
When supervised 
workout is not 
possible or acces-
sible, non-super-
vised training is 
recommended

In patients with intermittent claudication, 
supervised workout program is recommen-
ded to improve functional status and quality 
of life as well as to reduce the disease  
symptoms. A supervised workout program 
should be discussed as an option for the  
treatment of claudication prior to  
revascularization. In Lead patients,  
structured group or home-based workout 
program may be beneficial in terms of im-
proving walking ability and functional  
status. Alternative cardio workout strategies 
such as upper body ergometry, cycling and 
walking until pain or low-intensity training, 
preventing moderate to maximum claudi-
cation, may be beneficial in symptomatic 
patients

At least 150 minutes of moderate-
-intensity aerobic training per week 
(30 minutes 5 times a week) or  
75 minutes of high-intensity aerobic 
training per week (15 minutes  
5 times a weak) or a combination  
of the above are required

Other  
recommendations

– LEAD patients should receive annual flu 
vaccinations

Body mass index in the range  
of 20–25 kg/m2, waist circumference 
< 94 cm in males and < 80 
in females
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4.2.2. General recommendations
Lipid profile analysis should be performed in each LEAD 
patient and repeated at least once a year to assess the 
achievement of target LDL-C values; assessments at 
6–8-week intervals are suggested when treatment has 
to be modified and/or when target concentrations are 
not achieved. Target LDL-C values should be taken into 
account when assessing the outcomes of lipid-lowering 
treatment; once these are achieved, secondary thera-
peutic objectives (non-HDL cholesterol, triglycerides) 
may be sought after by means of the inclusion of ap-
propriate omega-3 acids and/or fibrates in addition to 
non-pharmacological managements 

4.2.3. Target LDL-C values
The 2019 ESC guidelines as well as the SFSN PTK guide-
lines of the so-called 3rd Sopot Declaration require that 
all patients with LEAD and any additional risk factors 
should be classified to the highest risk group (extreme 
high risk group in the case of SFSN PTK classification) 
so as the target serum LDL-C levels are below 
35 mg/dL (< 0.9 mmol/L). Other LEAD patients with 

no additional risk factors and diagnosis of peripheral 
artery disease alone, are classified to the group of very 
high risk with target LDL-C levels of below 55 mg/dL 
(< 1.4 mmol/L). The typical target — LDL-C levels 
of below 70 mg/dL (< 1.8 mmol/L), as recommended 
in Europe after 2016, should be considered historical 
and inconsistent with current knowledge in the case of 
LEAD patients. Risk classes and target LDL-C values 
as proposed in 2018 by the SFSN PTK are presented 
in Table 17.

The new European Society of Cardiology guidelines 
announced in September 2019 reflect the values pro-
posed in the Polish document. Table 18 compares target 
LDL-C values according to the old and the new ESC rec-
ommendations and the SFSN PTK recommendations.

Table 19 presents the 2019 ESC guidelines on the 
use of lipid-lowering agents in patients with LEAD and 
coronary artery disease.

4.2.4. The proposed management algorithm
•	 With regard to non-pharmacological management, 

attention should be paid to regular physical activity, 

Table 17. Current (2018) SFSN PTK recommendations for risk classification in dyslipidemia patients and target LDL-C values 
including categories most prevalent in LEAD patients (in bold). The Pol-SCORE (modified EURO-SCORE) scale was also used in 
the proposed classification; however, the scale is used in primary prevention i.e. in patients who have not been diagnosed with 
LEAD

Risk category Disease, risk factors or 10-year Pol-SCORE risk Therapeutic target  
— LDL-C level

Extremely high •	Status post numerous cardiovascular events and/or revascularizations
•	Percutaneous stenting of main left coronary artery trunk and/or polyvascular  

coronary disease (comprehensive angioplasty in polyvascular coronary disease)
•	Generalized atherosclerosis — multiple vascular beds with additional risk factors
•	Progression of atherosclerotic cardiovascular disease in patients in whom LDL-C 

levels of < 55 mg/dL had been achieved and maintained steadily

< 35 mg/dL  
(< 0.9 mmol/L)

Very high •	Progression of atherosclerotic cardiovascular disease in patients in whom LDL-C 
levels of < 70 mg/dL (< 1.8 mmol/L) had been achieved and maintained steadily

•	Diagnosis of acute coronary syndrome, coronary, carotid, or peripheral artery 
disease

•	Status post revascularization
•	Pol-SCORE risk of > 20%
•	Diabetes or stage 3/4 chronic kidney disease with one or more risk factors
•	Familial hypercholesterolemia
•	History of premature atherosclerotic cardiovascular disease (< 55 years 
•	 in males, < 65 ears in females)
•	Diagnosis of cardiovascular disease in diabetic patients or patients with stage  

3/4 chronic kidney disease

< 55 mg/dL  
(< 1.4 mmol/L)

High •	≥ 2 risk factors and Pol-SCORE risk of 10–20%
•	Diabetes or stage 3/4 chronic kidney disease with no other risk factors

< 70 mg/dL  
(< 1.8 mmol/L)

Moderate •	< 2 risk factors and Pol-SCORE risk of < 10% < 100 mg/dL  
(< 2.6 mmol/L)

Low •	No additional risk factors < 115 mg/dL  
(< 3.0 mmol/L)

LDL-C — low-density lipoprotein cholesterol
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body weight control, Mediterranean diet, restricted 
dietary intake of sugar, animal fats and salt, absti-
nence from smoking, reduced consumption of fruit 
and vegetables, products containing unsaturated 
fatty acids, fish, nuts, and low-fat dairy products.

•	 Patients should also be persuaded to use phytoster-
ols-containing products (margarines, yogurts) and 
possibly expand their diet with other products mildly 
reducing the LDL-C levels while not interacting with 
statin drugs.

•	 Maximum-tolerated, high doses of statins should 
be used. The European guidelines require that 
strong statins (atorvastatin, rosuvastatin) are used; 
old statins with low effect on LDL-C levels (sim-
vastatin, prevastatin, fluvastatin, lovastatin) should 
not be used.

•	 Due to the pharmacological differences between 
atorvastatin (lipophilic) and rosuvastatin (hydro-
philic), the former is used more commonly in 
patients with chronic renal disease while the latter 
is preferred in patients with signs of hepatic insuf-
ficiency.

•	 In every LEAD patient, target LDL-C levels should 
be aimed at by prescribing atorvastatin at the dose 
of 40–80 mg/day or rosuvastatin at the dose of 
30–40 mg/day.

•	 In all cases when target LDL-C levels are not 
achieved using high doses of strong statins or when 
such high doses are not tolerated, ezetimibe should 
be included at the dose of 10 mg/day.

•	 In case the target LDL-C levels are not achieved 
using statins and ezetimibe, additional administration 
of an injectable drug (PCSK9 inhibitors: alirocumab 
and evolucumab in Poland) once every 2–4 weeks 
should be considered. In Poland, such treatment is 
subject to a refund only for patients with concom-
itant familial hypercholesterolemia and must be 
purchased at full price by all other patients.

4.3. Anticoagulant and anti-platelet drugs
Optimum medical therapy of patients with sympto-
matic LEAD includes antiplatelet and anticoagulation 
treatment. It may be provided both before potential 
revascularization (either open or endovascular) and 
in the post-procedural period. Management regimen 
consists of either antiplatelet drugs alone or antiplatelet 
drugs combined with anticoagulants. Notably, anticoag-
ulants and anti-platelet drugs are used in LEAD patients 
to prevent ischemic incidents within the lower limb as 
well as to prevent generalized CV incidents. One should 
also keep in mid that none of the hitherto completed 
clinical studies evaluated the role of antiplatelet drugs 

Table 18. Guidelines of the European Society of Cardiology (ESC 2016) and the Cardiovascular Pharmacotherapy Section of the 
Polish Society of Cardiology(SFSN PTK 2018), and ESC (2019)

Risk category ESC 2016 SFSN PTK 2018 ESC September 2019

Extremely high < 35 mg/dL  
(< 0.9 mmol/L)

Individuals with second cardiovascular event within  
2 years from the first cardiovascular event: < 40 mg/dL 
(< 1 mmol/L)

Very high LDL-C < 70 mg/dL 
(< 1.8 mmol/L)

LDL-C < 55 mg/dL  
(< 1.4 mmol/L)

LDL-C < 55 mg/dL  
(< 1.4 mmol/L)

High < 100 mg/dL  
(< 2.6 mmol/L)

< 70 mg/dL  
(< 1.8 mmol/L)

< 70 mg/dL  
(< 1.8 mmol/L)

Moderate < 115 mg/dL  
(< 3.0 mmol/L)

< 100 mg/dL  
(< 2.6 mmol/L)

< 100 mg/dL  
(< 2.6 mmol/L)

Low < 115 mg/dL  
(< 3.0 mmol/L)

< 115 mg/dL  
(< 3.0 mmol/L)

< 115 mg/dL  
(< 3.0 mmol/L)

LDL-C — low-density lipoprotein cholesterol

Table 19. 2019 European Society of Cardiology recommendations on the use of lipid-lowering drugs in patients with lower 
extremity artery disease (LEAD) and coronary artery disease

Recommendation Recommendation class Level of evidence

In LEAD patients, lipid-lowering therapy with a maximum dose of statin  
or ezetinibe combined with PCSK9 inhibitor (if needed) is recommended  
to reduce cardiovascular risk

I A
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in the entire LEAD spectrum (asymptomatic LEAD, 
intermittent claudication, and CLTI).

Presented below are the individual strategies of 
treatment using these drugs (Figs. 13, 14; Tables 20, 21):
•	 single antiplatelet therapy (SAPT);
•	 dual antiplatelet therapy (DAPT) or antiplatelet-an-

ticoagulant treatment with low vascular doses of 
novel anticoagulants;

•	 antiplatelet-anticoagulant treatment following lower 
extremity arterial bypass surgeries;

•	 antiplatelet-anticoagulant treatment following end-
ovascular treatment of lower extremity artery 
disease;

•	 treatment of patients with lower extremity artery 
disease and concomitant coronary artery disease;

•	 antiplatelet-anticoagulant treatment in patients with 
lower extremity artery disease requiring long-term 
anticoagulation treatment.

4.3.1. Single antiplatelet therapy
Single antiplatelet therapy may be provided using ace-
tylsalicylic acid (ASA) or clopidogrel. In LEAD patients, 
it is recommended only when clinical symptoms are 
present or after a revascularization procedure has 
been performed. As unambiguously demonstrated by 
the results of the Clopidogrel versus Aspirin in Patients 
at Risk of Ischemic Events (CAPRIE) study, clopidogrel 
rather than ASA is the preferred antiplatelet drug in 
LEAD patients. Treatment optimization and addition 
of sulodexide may be considered.

4.3.2. Dual antiplatelet therapy or antiplatelet- 
-anticoagulant treatment with low vascular doses 
of novel anticoagulants
Do date, no data are available regarding potential 
superiority of DAPT (including clopidogrel) over ASA 
alone in terms or reducing the incidence of CV events 

Figure 13. Anti-platelet treatment in LEAD patients not requiring anticoagulant treatment as per 2017 ESC guidelines. COMPASS! 
study results were not taken into consideration in the presented guidelines
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Table 20. Recommendations for anti-platelet and anticoagulation therapy in patients with peripheral artery diseases as per 2017 
ESC guidelines. COMPASS! study results were not taken into consideration in the presented guidelines

Recommendations Recommendation 
class

Level  
of evidence

In patients with symptomatic carotid stenosis, long-term SAPT is recommended I A

Long-term SAPT is recommended in all patients who have undergone revascularization I C

SAPT is recommended after infra-inguinal bypass surgery I A

In patients requiring antiplatelet therapy, clopidogrel may be preferred over ASA IIb B

Vitamin K antagonist may be considered after infra-inguinal autologous vein bypass Ilb B

DAPT (ASA and clopidogrel) should be considered for at least one month following  
infra-inguinal stent implantation

lla C

DAPT (ASA and clopidogrel) may be considered following infrapopliteal stenting  
with man-made materials

Ilb B

Due to the lack of proven benefits, antiplatelet therapy is not routinely indicated  
in patients with isolated asymptomatic lower extremity artery disease

III A

ASA — acetylsalicylic acid; DAPT — dual antiplatelet therapy; SAPT — single antiplatelet therapy

Figure 14. Anticoagulant and anti-platelet therapy in LEAD patients requiring oral anticoagulant treatment as per 2017 ESC guidelines. 
COMPASS! study results were not taken into consideration in the presented guidelines
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in LEAD patients. In the Clopidogrel for High Athero-
thrombotic Risk and Ischemic Stabilization, Manage-
ment, and Avoidance Trial (CHARISMA) study, DAPT 
in LEAD patients reduced the incidence of myocardial 
infarctions, while presenting with a neutral effect on 
all other vascular incidents at the price of increased 
incidence of moderate, severe, or fatal bleedings.

In the Cardiovascular Outcomes for People Using 
Anticoagulation Strategies (COMPASS), a regimen con-
sisting of 100 mg of ASA combined with rivaroxaban 
2 × 2,5 mg in a subgroup of 7470 patients with pe-
ripheral artery disease (4129 patients with sympto-
matic LEAD, 1919 patients with carotid artery stenosis 
and 1422 patients with coronary artery disease and 
asymptomatic LEAD as diagnosed from the ABI value), 
when compared to ASA alone, was characterized by 
a significant decrease in the relative risk of: brain strokes 
by 42%, cardiovascular deaths by 22%, myocardial 
infarctions, brain strokes, and cardiovascular deaths 
combined by 24%, death for any reason by 18%, ma-
jor amputations by 70%, all amputations for vascular 
reasons 60%, acute or chronic limb ischemia by 46%.

Since 2018, the therapeutic regimen ASA 100 mg 
+ rivaroxaban 2 × 2,5 mg has been registered for the 
indication of: “prevention of thrombotic events due to 
atherosclerosis in adult patients with coronary artery 
disease or symptomatic peripheral artery disease at 
high risk of ischemic incidents”. This indication is also 
included in the 2019 European guidelines for the man-
agement of chronic coronary syndromes. In cases of 
severe bleeding, SAPT may be considered (clopidogrel 
being the preferred agent) with treatment optimization 
and addition of sulodexide.

4.3.3. Antiplatelet-anticoagulant treatment  
following lower extremity arterial bypass surgeries
Clopidogrel regimen or the COMPASS study regimen 
may be used depending on the risk of bleeding at 
operator’s discretion. When SAPT is provided, addition 
of sulodexide should be taken into consideration.

4.3.4. Antiplatelet-anticoagulant treatment  
following endovascular treatment of lower  
extremity artery disease
Currently, DAPT is recommended for at least one 
month following an endovascular intervention re-
gardless of the stent type (non-coated metal stet or 
drug-eluting stent). Dual antiplatelet therapy is fre-
quently continued after infrapopliteal artery stenting, 
albeit no evidence is available to support this man-
agement strategy. Efficacy of anticoagulant treatment 
was examined prospectively following percutaneous 
infra-inguinal revascularization. No improvement in 
vessel patency was observed while the incidence of 
bleedings increased significantly.

Long-term treatment may follow the COMPASS 
study regimen or, in cases of high bleeding risk, consist 
in SAPT (clopidogrel) with optimization and addition 
of sulodexide.

4.3.5. Management of LEAD patients with  
concomitant coronary artery disease
The COMPASS study regimen appears to be the opti-
mum management strategy in these patients. In cases of 
high bleeding risk, single anti-platelet therapies (clopi-
dogrel being preferred) with the addition of sulodexide 
should be taken into consideration.

Table 21. Recommendations regarding anticoagulant and anti-platelet therapy in LEAD patients requiring oral anticoagulant 
treatment as per 2017 ESC guidelines. COMPASS! study results were not taken into consideration in the presented guidelines

Recommendations Recommendation 
class

Level  
of evidence

OAC in patients with PAD and AF:

• recommended if CHA2DS2-VASc score > 2 I A

• should be considered in all remaining patients lla B

In patients with PAD and indication for OAC use (e.g. AF or mechanical valve prosthesis), 
OAC monotherapy should be considered

lla B

Following endovascular revascularization, ASA or clopidogrel in combination with OAC 
should be considered for at least one month if the risk of bleeding is low compared to the 
risk of sent/bypass occlusion

lla C

Following endovascular revascularization, OAC monotherapy should be considered if the 
risk of bleeding is high compared to the risk of sent/bypass occlusion

lla C

Combination of OAC with one anti-platelet agent may be considered for more than one 
month in patients at high risk of ischemia or in patients with other strong indications for 
long-term SAPT

Ilb C

AF — atrial fibrillation; ASA — acetylsalicylic acid; OAC — oral anticoagulant; PAD — peripheral artery disease; SAPT — single antiplatelet therapy
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4.3.6 Management of LEAD patients requiring long-
term anticoagulation treatment
In LEAD patients requiring long-term anticoagulation 
treatment, antiplatelet therapy is not required; instead, 
optimum doses of novel anticoagulants should be ad-
ministered in monotherapy if indicated. The treatment 
may be continued for life or, in cases of very high bleed-
ing risk, changed to sulodexide therapy.

The regimen for anti-platelet therapy in LEAD 
patients not requiring anticoagulant treatment as per 
2017 ESC guidelines is presented in Figure 13 while the 
regimen for anticoagulant and anti-platelet therapy in 
LEAD patients requiring oral anticoagulant treatment 
as per 2017 ESC guidelines is presented in Figure 14.

4.4. Vascular pleiotropic treatment

4.4.1. Background
For many years, pharmacotherapy aimed at the reduc-
tion of ischemia-related symptoms was considered one 
of the most important aspects of LEAD patients, its 
main objective being the reduction of symptoms and 
the improvement in the quality of life. Today, the vas-
cular pleiotropic treatment in LEAD patients is aimed 
at stabilization of atherosclerotic plaque and at the im-
provement in prognosis by reducing the cardiovascular 
risk rather than at the reduction of symptoms alone.

4.4.2. Vascular pleiotropic medication used to date
Numerous groups of agents were analyzed in terms 
of their vascular pleiotropic and protective character. 
Studies are available to show that some antihyperten-
sive drugs (e.g. verapamil), statins, antiplatelet drugs and 
prostanoids (prostaglandins I2 and E1) have some ben-
eficial impact on the walking distance and limb function. 

Drugs most extensively studied in this indication include 
cilostazol, naftidrofuryl, pentoxiphylline, buflomedyl, 
carnitine, and propionyl-L-carnitine. The beneficial 
impact of the aforementioned substances is usually mild 
to moderate and highly variable depending on the type 
of the study. No evidence was provided for these agents 
to significantly alter the outcome prognosis.

4.4.2.1. Cilostazol
•	 Cilostazol is a type III phosphodiesterase inhibitor 

registered for the treatment of intermittent claudi-
cation. Clinical studies demonstrated that,

•	 cilostazol increased mean platelet volume (MPV) and 
pain-free walking distance (PFWD) as compared to 
placebo [70, 73]. The beneficial impact of cilostazol 
on the walking distance is ambiguous. As revealed 
in one of meta-analyses, cilostazol at the dose of 
100 mg two times a day increased the MWD by 
the average of 76% as compared to 20% in the 
placebo group. Another analysis suggested that the 
mean improvement attributed to cilostazol was as 
low as 25% [74].

•	 Numerous contraindications of cilostazol include 
congestive heart failure, history of clinically sig-
nificant ventricular arrhythmia, unstable angina 
pectoris, myocardial infarction within last 6 months, 
coronary intervention within last 6 months, severe 
renal insufficiency, and concomitant use of at least 
2 other antiplatelet or anticoagulant drugs.

•	 Cilostazol may reduce arterial blood pressure or 
cause cardiac arrhythmias.

•	 Common adverse effects include headache and 
gastrointestinal disorders.

•	 Cilostazol presents with antiplatelet activity and 
therefore should be used in caution when combined 

Endothelial protection Rheology

Biological activity of sulodexide

Anticoagulant Anti-inammatory

•− tPA

•ØPAI

•ATIII + HCII catalysis

• Inhibition of leukocyte 
 activation and adhesion
•Ørelease of cytokines 

 and TNF
•ØROS, MCP-1, IL6
•Øplatelet aggregation
•heparinase inhibition
•Øproteolysis
•ØMMP

•Glycolax restoration
•ØMMPs

•heparinase inhibition
•FGF stabilization

ATIII — antithrombin; FGF — broblast growth factor; HCII— heparin cofactor II; IL— interleukin; MCP-1 — monocyte chemotactic protein-1); MMPs — matrix metalloproteinases; 
PAII — plasminogen activator inhibitor type 1); ROS — reactive oxygen species; TNF — tumor necrosis factor; tPA — tissue plasminogen activator

•Øbrinogen

� •Øtriglycerides

Figure 15. Biological activity of sulodexide



242

Acta Angiol, 2019, Vol. 25, No. 4

www.journals.viamedica.pl/acta_angiologica

with other anticoagulants and antiplatelet drugs 
commonly used in LEAD patients.

•	 Due to the above limitations, cilostazol is not pre-
ferred for widespread use in the treatment of lead 
patients.

4.4.2.2. Sulodexide
Sulodexide is a purified mix of glucosaminoglycans 
from porcine intestinal mucosa containing fast-moving 
heparin (80%) and dermatan sulfate (20%).

New knowledge from basic research as well as 
new data from clinical trials and everyday practice are 
indicative of the growing importance of drugs targeting 
the inflammatory response, endothelial dysfunction and 
the associated changes within the extracellular matrix as 
well as modulating the coagulability of blood (Fig. 15).  
Therefore, the interest in the use of sulodexide has also 
been increasing recently.

Results of clinical studies demonstrated that the 
activity of sulodexide is multidirectional and includes an 
effect on the hemostasis system, a reduction in throm-
bin generation, a profibrinolytic effect, and inhibition of 
pro-coagulation microparticle generation. It also has a 
documented effect on normalization of blood viscosity 
and lipid levels [75–80].
•	 Sulodexide exerts a protective effect on vascular 

endothelium. Following oral administration, it exerts 
a multitude of biological effects such as protection 
of endothelial structure and function, regulation of 
interactions between blood cells and endothelium, 
and prevention of vascular inflammation and prolif-
erative lesions [75, 81].

•	 Clinical efficacy of sulodexide was documented in 
numerous vascular disorders, including alleviation 
of chronic venous disease symptoms, acceleration 
of lower limb venous ulcers, treatment of venous 
thromboembolism, intermittent claudication in 
PAD patients, or prevention or cardiovascular 
events after myocardial infarction and in diabetic 
nephropathy.

•	 Sulodexide is recommended in various indications: 
pursuant to the 2019 ESC guidelines for the man-
agement of pulmonary embolism [82] and the 2017 
Polish Consensus guidelines for the management of 
venous thromboembolism [83], it is recommended 
as an alternative anticoagulant in long-term pre-
vention of thrombosis due to its high safety profile. 
Pursuant to the most recent recommendations 
published in International Angiology [84], sulodexide 
is one of the highest-recommended drugs for the 
treatment of lower limb venous ulcers.

•	 Six-month sulodexide treatment administered to 
patients with intermittent claudication significantly 
reduced their PFWD — 65% compared to the 

baseline, and increased MWD by 33% compared to 
placebo; the effect was independent on the patients’ 
diabetes status [85].
A meta-analysis of 19 studies in 849 patients with 

peripheral atherosclerosis confirmed the positive im-
pact of sulodexide consisting in MWD being increased 
by 36% compared to placebo. Sulodexide was found 
to have a significant impact on the reduction in the 
levels of triglycerides (average of −28%) and fibrinogen 
(−13%), the reduction in plasma and serum viscosity, 
and the increase in HDL-C levels (+24.4%) [86].
•	 Oral sulodexide is characterized by high safety pro-

file in long-term treatment — it does not interact 
with most medications, does not increase the risk 
of bleeding, and is well tolerated.

•	 Notably, the benefits of sulodexide therapy may be 
significant due to its multidirectional efficacy and 
high safety profile, particularly in LEAD patients 
with comorbidities.

4.4.3. Statins
•	 Much evidence is available to support the claim that 

statins reduce the risk of cardiovascular events and 
cardiovascular mortality in LEAD patients.

•	 As shown in small randomized trials, patients who 
receive statins may slightly improve their PFWD 
or PFWT (pain-free walking time), suggesting an 
additional vasoprotective effect of these drugs in-
dependent of their lipid lowering effect.

•	 Currently, statins are recommended in patients 
undergoing endovascular interventions as they re-
duce the incidence of postoperative cardiovascular 
events.

•	 Intensive statin therapy is associated with significant 
benefits combined with few adverse effects, and 
therefore, not only the beneficial impact of statins 
on the blood vessels being particularly important 
in LEAD patients but also their cardiovascular 
risk-lowering effects should be taken into consid-
eration. Thus, statins are currently recommended 
in all LEAD patients regardless of their cholesterol 
levels and dyslipidemia status.
Walking distance elongation may be used as a meas-

ure when comparing the efficiency of vascular drugs.  
An example of such comparison is presented in  
Figure 16.

4.5. Antihypertensive treatment

4.5.1. Background
All LEAD patients are subject to the same principles of 
antihypertensive treatment regardless of whether they 
receive medical therapy, are prepared for a surgical or 
endovascular procedure, or receive secondary preven-



243www.journals.viamedica.pl/acta_angiologica

Recommendations for the management of lower extremity artery disease (LEAD)

tion (following a procedure, a cardiovascular event, or 
amputation). Antihypertensive treatment significantly 
reduces the risk of brain stroke, myocardial infarction, 
chronic renal failure, vascular complications and diabe-
tes. In the long term, it reduces the mortality and risk of 
dementia; as such, it is mandatory in all LEAD patients.

4.5.2. General recommendations
All LEAD patients should have their arterial pressure 

measured at every office visit; in cases of difficulties with 
achieving the target values or discrepancies between 
office and home-based measurements, a 24-hour am-
bulatory blood pressure monitoring (24-ABPM) test 
should be performed . Due to the possibility of con-
comitant atherosclerotic lesions being present within 
small vessels such as retinal vessels, the 24-ABPM test 
should be performed once per year in all LEAD patients 

to assess pressure control and circadian pressure profile 
(risk of excessive nocturnal pressure drops, particularly 
in patients with concomitant glaucoma). Diagnosis of ar-
terial hypertension in treatment-naïve patients consists 
in values above the reference range being confirmed in 
office, 24-hour ambulatory or home-based measure-
ments as illustrated in Table 22.

4.5.3. Target arterial blood pressure values
Pursuant to the 2019 PTNT guidelines and 2018 ESC/ 
/ESH guidelines, target blood pressure values in patients 
diagnosed with arterial hypertension are those of below 
140/90 mm Hg. However, in most patients, greater 
blood pressure reduction to values below 130/80 
mm Hg should be pursued provided the treatment 
is tolerated well. In all patients with arterial hyper-
tension, diastolic blood pressures of 70–79 mm 
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Figure 16. The effect of vascular drugs on the walking distance

Table 22. Blood pressure (BP) values for the diagnosis of arterial hypertension in treatment-naïve patients

Measurement type Systolic BP (mm Hg) Diastolic BP (mm Hg)

O BPM ≥ 140 and/or ≥ 90

A BPM

daytime (or when awake) ≥ 135 and/or ≥ 85

nighttime (or when asleep) ≥ 120 and/or ≥ 70

24-hour ≥ 130 and/or ≥ 80

H BPM (average) ≥ 135 and/or ≥ 85
A — ambulatory; BPM — blood pressure monitoring; H — home; O — office



244

Acta Angiol, 2019, Vol. 25, No. 4

www.journals.viamedica.pl/acta_angiologica

Hg should be aimed for. Target systolic blood pressure 
values depend on additional factors: as a rule, in patients 
below the age of 65, systolic blood pressure should 
be in the range of 120–129 mm Hg, whereas in pa-
tients with chronic renal disease or patients after the 
age of 65, systolic pressure should be in the range 
of 130–139 mm Hg. For patients in their 9th and 10th 
decade of life, particularly those poorly tolerating the 
treatment and presenting with frailty syndrome, sys-
tolic pressure range of 140–149 mm Hg is acceptable. 
Importantly, the new guidelines are the first to include 
therapeutic targets regarding heart rate (< 80 bpm) 
in patients with arterial hypertension; in patients with 
concomitant ischemic heart disease and/or heart failure, 
the heart rate range should be even lower (< 70 bpm).

4.5.4. Principles for non-pharmacological  
and pharmacological management (Table 23)
•	 With regard to non-pharmacological management, 

attention should be paid to regular physical activity, 
body weight control, Mediterranean diet, restricted 
dietary intake of sugar, animal fats and salt (< 5 g/d), 
abstinence from smoking, reduced consumption of 
fruit and vegetables, products containing unsaturat-
ed fatty acids, fish, nuts, and low-fat dairy products, 
as in the case of dyslipidemia.

•	 Alcohol consumption should be limited to a max-
imum of 14 units in males and 8 units in females 
(distributed over a week, not accumulated; patients 
should follow the Mediterranean style of alcohol 
intake, keeping in mind the cardioprotective effects 
of small quantities of alcohol, e.g. red wine; one 
alcohol unit corresponds to ca. 125 mL of red wine).

•	 As a rule, pharmacological treatment starts 
with two antihypertensive drugs (preferably 
as a single pill combination [SPC]); in the new 
guidelines, monotherapy of arterial hypertension 
is reserved only for patients with mild arterial hy-
pertension (systolic pressure of 140–149 mm Hg) 
without other risk factors and for patients above the 
age of 80 and presenting with frailty syndrome; as 

a general rule, all other patients should start their 
treatment from 2 medications at once.

•	 According to the guidelines, first-line single-pill 
combination consists of an angiotensin converting 
enzyme inhibitor (ACEi) or angiotensin receptor 
antagonist (sartan) and a diuretic; in practice, 
this means a possibility of using one out of 
four SPCs: ACEi + calcium antagonist or ACEi 
+ diuretic or sartan + calcium antagonist 
or sartan + diuretic. All 4 types of SPCs are 
available and broadly included in reimbursement 
lists in Poland.

•	 If the above SPC fails to achieve the target blood 
pressure value, the second step consists in a third 
antihypertensive agent being added so that the 
patient receives a combination of: ACEi + cal-
cium antagonist + diuretic or sartan + calcium 
antagonist + diuretic. Both types of triple-agent 
SPCs are also available in Poland.

•	 If the above treatment again fails to achieve the tar-
get blood pressure values, new drugs are added to 
the regimen according to the algorithm in Table 22. 
One should keep in mind that the beta-adrenolytic 
agent may be added at any stage to control the heart 
rate, as a coronary drug used in heart failure or to 
control ventricular rate in atrial fibrillation.

•	 In LEAD patients, calcium antagonists from the 
group of dihydropyridine derivatives especially those 
not leading to peripheral edema (lercanidipine) as 
well as broader use of novel cardioselective yet 
strongly vasodilating beta-blockers (nebivolol) are 
particularly justified along with renin-angiotensin 
axis inhibitors (ACEi).

•	 With regard to other supportive antihypertensive 
agents, experts also suggest the use of superior, 
newer drugs with additional pleiotropic mechanisms 
and lower adverse effect profiles (e.g. eplerenone 
instead of spironolactone, torasemide instead of 
furosemide).

•	 Notably, “hybrid SPCs” combining e.g. 2 antihyper-
tensive agents and a statin, were introduced to the 

Table 23. General European algorithm for the treatment of arterial hypertension — starting from 2018 applicable also to patients 
with concomitant peripheral artery disease

Algorithm for most patients with arterial hypertension

Treatment initiation ACEi or sartan + calcium antagonist or diuretic

Step 2 ACEi or sartan + calcium antagonist and diuretic

Step 3 Refractory hypertension: add aldosterone antagonist or loop diuretic or alpha-blocker or beta-blocker 
treatment

Beta-blocker treatment — add earlier in cases of heart failure, status post myocardial infarction, atrial fibrillation, young females 
planning to become pregnant

ACEi — angiotensin converting enzyme inhibitor
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Figure 17. Management of patients with LEAD
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market to simplify pharmacotherapeutic regimens 
Experts recommend that these new products are 
used whenever possible.

5. Standards for the management,  
care, follow-up, and recommended  

investigations

5.1. LEAD patients not qualified for surgery

5.1.1. Background
Due to coexisting risk factors, multimorbidity and ad-
vanced stage of atherosclerosis, clinical presentation 
LEAD patients is frequently complex and requires 
multidirectional diagnostics and treatment approaches. 
Multidisciplinary team involvement facilitates optimum 
approach to the diagnostics and treatment of LEAD 
patients, preventing unnecessary amputations. LEAD 
treatment team may consist of a primary care physician, 
general medicine specialist, diabetologist, endocrinol-
ogist, hypertension and lipids specialist, endovascular 
interventionist, vascular surgeon, orthopedist, neurol-
ogist, nurse, podiatrist, wound treatment specialist, 
smoking cessation specialist, and others. Each patient 
presents with a unique combination of symptoms, con-
comitant diseases and vascular risks, necessitating an in-
dividualized approach. Moreover, concomitant diseases 
may progress in patients with the development of new 
symptoms and pathophysiological lesions. Therefore, 
early initiation of the diagnostic process and appropriate 
consideration being paid to all patient data increase the 
chances of appropriate diagnosis and efficient treatment 
to prevent unnecessary amputations and increase pa-
tient’s quality of life as well as survival [36].

5.1.2. Management outline
A general outline for diagnostic and therapeutic man-
agement of LEAD patients may be summarized as 
follows (Fig. 17):

5.1.3. Further diagnostics in patients diagnosed 
with LEAD
•	 The first stage of management should consist in ap-

propriately early diagnostics. LEAD screening should 
be performed in adults above the age of 50 with risk 
factors such as high cholesterol levels, arterial hyper-
tension, diabetes, smoking, obesity, family history of 
atherosclerosis, LEAD, or claudication, neuropathic 
leg pain or non-healing wounds or infection sites 
within the limb. In addition, screening should be 
performed in all patients above 70, regardless of 
the status of symptoms.

•	 Claudication is observed in about 60% of LEAD 
patients while other symptoms may be present in 

some patients with no pain discomfort. Likewise, 
critical limb ischemia may develop in patients with 
previous history of milder LEAD symptoms, but 
constitutes the first manifestation of the disease 
in 5–10% of patients. In patients with critical limb 
ischemia, the mortality rate within the first year af-
ter the incident may be as high as 20%, warranting 
emergency diagnostics and treatment.

•	 About 40–60% of LEAD patients have concomitant 
coronary artery disease of cerebrovascular disease, 
which makes it necessary to perform cardiological 
screening in all patients diagnosed with :EAD (Fig. 18).

5.1.4. Continued treatment following the diagnosis 
of LEAD
After the diagnosis, therapeutic management of LEAD 
patients consists of two aspects. The first aspect con-
sist in addressing the symptoms and risks associated 
with lesion locations. The other aspects consists in 
addressing the higher risk of any cardiovascular incident 
in LEAD patients.
•	 Optimum medical treatment consists in the 

control of cardiovascular risk factors and in-
cludes optimum pharmacotherapy and optimum 
non-pharmacological strategies such as smoking 
cessation, healthy diet, body weight reduction, 
and regular exercise.

•	 Pharmacotherapy involves the use of antihypertensive, 
lipid-lowering and anticoagulant drugs. In patients 
with diabetes, optimum blood glucose control is rec-
ommended as per the general guidelines. Aspects of 
pharmacological and non-pharmacological treatment 
of LEAD patients have been presented in detail in other 
chapters and will therefore not be repeated.

•	 In all LEAD patients, perhaps most importantly in 
patients not qualified for procedural treatment, in-
tensive pharmacotherapy and non-pharmacological 
treatment is required along with rigorous control 
of cardiovascular risk factors and compliance with 
ESC guidelines as outlined in Table 24.
According to current 2019 ESC guidelines as well 

as SFSN PTK recommendation summarized in the 3rd 
Sopot Declaration, all patients with LEAD and additional 
risk factors are classified as highest cardiovascular risk 
patients. According to current knowledge, target serum 
LDL-C levels in this group should be lower than 35 mg/dL 
(< 0.9 mmol/L). In case of LEAD patients without 
other risk factors, target LDL-C should be lower 
than 55 mg/dL (< 1.4 mmol/L). As mentioned before, 
traditional target LDL-C levels of less than 70 mg/dL 
(< 1.8 mmol/L) as recommended in Europe after 2016, 
are considered outdated. Therefore, as mentioned in 
Table 24, intensive antihypertensive treatment should 
be provided to all LEAD patients.
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5.2. LEAD patients after  
revascularization surgeries

5.2.1. Background
Continued management to control cardiovascular risk 
factors, improve distant prognosis and reduce the risk of 
atherosclerosis progression and subsequent revascular-
ization is very important in LEAD patients, particularly 
in the post-operative period.

Just as in other atherosclerotic conditions, the first 
element of comprehensive patient management consists 
in cardiovascular risk assessment. Notably, management 
according to the ESC guidelines differs slightly from that 
proposed by the 3rd Sopot Declaration [87, 88]. Conse-

quently, some discrepancies may be observed depending 
on the adopted guidelines with regard to the target values 
recommended for risk factor control.

5.2.2. Cardiovascular risk assessment
According to Sopot Declaration, PAD patients are 
classified to the very high risk category or to the 
extreme risk category in the case of concomitant dia-
betes, stage 3/4 chronic kidney disease, heterozygous 
familial hypercholesterolemia, history of premature 
atherosclerotic disease (age < 55 in males and < 65 
in females) as well as in patients who experienced 
PAD progression despite LDL-C levels having dropped 
below 70 mg/dL [88].

Figure 18. The prevalence of subclinical atherosclerosis depending on the location of the lesions

Table 24. Optimum non-procedural treatment of patients with lower extremity artery disease (LEAD) according to the European 
Society of Cardiology

Recommendations Recommendation 
class

Level of  
evidence

Cessation of smoking is recommended to all LEAD patients I B

Healthy diet and physical activity are recommended to all LEAD patients I C

Statins are recommended in all LEAD patients I A

Strict blood glucose control is recommended to LEAD patients with diabetes I C

Antiplatelet treatment is recommended to all patients with symptomatic LEAD I C

Target blood pressure of < 140/90 mm Hg is recommended to patients with LEAD  
and arterial hypertension

I A

ACEi or ARBs should be considered as first line of treatment in patients with LEAD  
and arterial hypertension

IIA B

ACEi — angiotensin converting enzyme inhibitor; ARB — angiotensin receptor blocker
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According to the ESC guidelines, all patients diag-
nosed with PAD are a priori classified as very high risk 
patients regardless of concomitant disease status [87]. 
Regardless of the adopted risk category, control of risk 
factors is required in all patients, including:
•	 non-smoking — no exposure to tobacco in any form;
•	 proper diet — food with low saturated fats con-

tent, rich in whole grain products, vegetables, fruit, 
and fish;

•	 physical activity — at least 150 minutes of moder-
ate-intensity aerobic training per week (30 minutes 
5 times a week) or 75 minutes of high-intensity 
aerobic training per week (15 minutes 5 times a 
weak) or a combination of the above.

•	 body weight control — body mass index main-
tained in the range of 20–25 kg/m2, waist circumfer-
ence < 94 cm in males and < 80 in females.
Further recommendations pertain to the control of 

arterial pressure, lipid levels, and blood glucose levels. 

Slight differences are observed between European and 
Polish guidelines as presented in Tables 25–27.

Besides the reduction of cardiovascular risk, there 
is another important aspect to LEAD patient manage-
ment, namely prevention of future revascularizations. 
Recently, a meta-analysis was published which sum-
marized the risk factors of rehospitalization following 
revascularization due to LEAD. These risk factors are 
also cardiovascular risk factors [92] and include:
•	 female gender;
•	 arterial hypertension;
•	 heart failure;
•	 chronic lung disease;
•	 diabetes;
•	 chronic renal insufficiency;
•	 dialysis therapy;
•	 nicotinism.

In addition, it should be kept in mind that efficient 
control of all the aforementioned risk factors is possible 

Table 25. Blood pressure control in patients after revascularization due to lower extremity artery disease

PTNT 2019 ESH/ESC 2018 [89]

Target systolic pressure Final therapeutic target:
•	patient < 65 years Æ < 130  

and > 120 mm Hg
•	patient 65–80 years Æ < 140  

and > 130 mm Hg
•	Patient > 80 years Æ < 150  

and > 130 mm Hg

Patient 18–65 years Æ target 130 mm Hg or 
less if tolerated, not < 120 mm Hg

Patient 65–79 years Æ target 130–139 mm Hg 
if tolerated
Patient > 80 years Æ target 130–139 mm Hg 
if tolerated

Target diastolic pressure < 80 mm Hg 70–79 mm Hg
ESC — European Society of Cardiology; ESH — European Society of Hypertension; PTNT — Polish Society of Hypertension

Table 26. Blood glucose control in patients with concomitant diabetes after revascularization due to lower extremity artery dis-
ease

PTD 2019 ESC 2019 [90]

Target HbA1c levels in patients 
with concomitant diabetes

HbA1c < 6.5%: at stable blood glucose levels  
and minimized number of hypoglycemic episodes

HbA1c < 7.0% or < 53 mmol/mol

ESC — European Society of Cardiology; HbA1c — glycated hemoglobin; PTD — Polish Diabetes Association

Table 27. LDL-C level control in patients after revascularization due to lower extremity artery disease

2018 Sopot Declaration ESC 2019 [91]

Target LDL-C level Extremely high risk (see 
body text) < 35 mg/dL  
(< 0.9 mmol/L) 

In most patients, reduction in LDL-C levels by > 50% compared  
to baseline and target level of < 55 mg/dL (< 1.4 mmol/L) 

Very high risk (see body 
text) < 55 mg/dL  
(< 1.4 mmol/l)

Target values of < 40 mg/dL (< 1.0 mmol/L) may be considered in 
patients with diagnosed atherosclerosis who have experienced the 
second vascular incident within the period of 2 years while receiving 
maximum statin dose

ESC — European Society of Cardiology; LDL-C — low-density lipoprotein cholesterol
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only when pharmacotherapy recommended in LEAD 
patients is provided, including indispensable statins and 
additional medications supplementing the comprehen-
sive treatment as discussed in other chapters.

5.3. LEAD patients after endovascular  
procedures

5.3.1. Post-interventional exercise therapy and risk 
factor modification
Patients with the diagnosis of lower limb ischemia and 
history of endovascular procedures are in the high 
health hazard group and should be included in an ac-
tive counseling system. The TASC II guidelines include  
a recommendation regarding clinical follow-up pro-
grams for patients after endovascular procedures. It 
is recommended that patients are included in a clinical 
follow-up program lasting up to 2 years and consisting of 
regular follow-up visits at 6-month intervals. Visits may 
include an interview and vascular examination. Atten-
tion should also be paid to any comorbidities: ischemic 
heart disease, arterial hypertension, atrial fibrillation, 
deep vein thrombosis, history of pulmonary embolism, 
or type I or II diabetes mellitus. The premises of such 
a patient management system included identification of 
factors promoting vessel or stent restenosis, by-pass 
occlusion and their potential repair before patency loss. 
In 2005, studies were published with results question-
ing the need and the sense of post-procedural patient 
follow-up due to high costs of follow-up examinations 
compared to clinical benefits.

Currently, TASC II guidelines lack recommenda-
tions regarding management of patients following 
endovascular procedures. Numerous reports were 
published regarding the monitoring of patients after 
endovascular procedures. Authors from the Charing 
Cross Hospital proposed follow-up examinations on 
Day 1 and Month 3, 6, 9, and 12 after the procedure. 
Examination should include medical interview, ABI 
measurement, and Doppler ultrasound. In 2004, data 
were published from a program for the monitoring of 
patients with critical lower limb ischemia, after by-pass 
graft implantation, and after endovascular procedures. 
The program included follow-up visits at 6 weeks, 3, 
6, and 9 months, and 1 year after the procedure. The 
visit consisted in ABI measurements at rest and after 
physical effort as well as ultrasound scan of the entire 
length of the vessel being repaired. Such monitoring 
facilitated early detection and treatment of restenosis. 
Ultrasound-detected stenosis of 50–76% with ABI 
drop of more than 0.15 and worsening of clinical status 
were considered indications for repeated intervention. 
According to the conclusions from the study, a moni-
toring program consisting of frequent follow-up visits 

combined with US scans and ABI measurements is 
required to maintain patency of revascularized vessels 
in this group of patients. In addition to statins and anti-
platelet agents, controlled physical exercise should be 
used. On the other hand, benefits of vasoactive agents 
are somewhat dubious.

5.3.2. Antiplatelet-anticoagulant treatment following 
endovascular treatment of lower extremity artery 
disease
Currently, DAPT is recommended for at least one 
month following an intervention regardless of the stent 
type (non-coated metal stet or drug-eluting stent). 
In a randomized clinical study Zilver PTX comparing 
drug-eluting stents with non-coated metal stents, the 
study protocol required DAPT being administered for 
2 months. In the IN.PACT SFA study, one half of patients 
received DAPT after one year. Dual antiplatelet therapy 
is frequently continued after infrapopliteal artery stent-
ing, albeit no evidence is available to support this man-
agement strategy. Efficacy of anticoagulant treatment 
was examined prospectively following percutaneous 
infra-inguinal revascularization. No improvement in 
vessel patency was observed while the incidence of 
bleedings increased significantly.

At this time, no data from clinical studies are avail-
able to assess benefits of DAPT compared to SAPT 
following subclavian, visceral, and renal artery stenting. 
At most centers, clopidogrel (75 mg) is prescribed 
in combination with a small dose of ASA, usually for 
1–3 months; in some cases, this period is extended to 
1 year. An observation study revealed a trend towards 
a lower rate of secondary procedures due to failed re-
vascularization when primary stenting was performed 
during DAPT.

The management of LEAD patients consists of 
two main elements: treatment aimed at reducing 
global cardiovascular risk and treatment addressing 
the symptoms and risks associated with lesions being 
located within the lower limbs; the latter is aimed at 
reducing limb-related symptoms and/or at saving the 
threatened limb. The recommended management 
aimed at reducing global cardiovascular risks, consisting 
of non-pharmacological methods as well as pharmaco-
therapy, is the same in all LEAD patients regardless of 
the area within the vascular system in which symptoms 
caused by atherosclerotic lesions are being manifested. 
Treatment addressing local lesions within the lower 
limbs is specific for LEAD patients.

5.3.3. Non-pharmacological methods
Pursuant to the 2017 ESC guidelines for the manage-
ment of LEAD patients, the following measures are 
recommended in all patients:
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1.	 cessation of smoking (recommendation class I B);
2.	 healthy diet and physical activity (recommendation 

class I C).
Non-pharmacological prevention strategies may also 

have a beneficial effect on the incidence of cardiovascu-
lar events within the limbs. The highest benefits in terms 
of symptom resolution and cardiovascular risk reduction 
are obtained from combination of the recommended 
methods; for example, cessation of smoking alone has 
a small impact on walking distance whereas the most 
noticeable improvement in the walking distance is 
observed for smoking cessation combined with cardio 
workout. Failing to quit smoking worsens the natural 
history of LEAD in patients with intermittent claudica-
tion and is associated with elevated risk of amputation.

Follow-up Doppler ultrasound examinations in 
patients following revascularization of stenting of 
peripheral arteries are performed for the following 
three reasons: 1) to monitor the quality of procedural 
treatment (restoration of patency, presence of persis-
tent stenoses, assessment of hemodynamic outcomes 
of the procedure); 2) to detect potential restenoses; 
and 3) to evaluate the progression of atherosclerotic 
lesions in the remaining vessel segments.

Following endovascular procedures, both with 
and without stent deployment, deposits pressed into 
the vessel walls can be observed, forming persistent 
stenoses. Stenoses of less than 30% are not consid-
ered worrisome. Following subendothelial patency 
restoration, parts of the vessel wall in the transverse 
cross-section may be thinned and lacking the intima. 
The remaining parts of the wall are thickened by pressed 
atherosclerotic deposits. In a significant majority of this 
type of procedures (restricted to subintimal angioplasty 
alone), persistent stenoses in the range of 30–50% 
should be expected. However, important information 
from post-angioplasty examinations is provided not only 
by the assessment of persistent stenoses at the repair 
site but also by the assessment of hemodynamically 
significant stenoses upstream and downstream of the 
treated vessel segment and the assessment of resten-
oses within the repaired area in long-term follow-up. 
In the follow-up US scans, the implanted stent should 
be fully deployed, with straight wall contours and the 
flow-coding color completely filling the stent lumen. 
Due to the reduced compliance of vessel walls within 
the stented segment, flow velocities are usually higher 
than in native arteries. Following pathologies should be 
ruled out or confirmed and described in the course of 
the examination:
•	 in-stent stenosis caused the stent being compressed 

by deposits pressed into the vessel wall or by intimal 
hyperplasia within the stent lumen.

•	 stent fracture;

•	 stenosis upstream of the proximal or downstream 
of the distal end of the stent;

•	 obstruction.
Ultrasound examination is also important for the 

diagnostics of local vascular access complications, 
including in the assessment of hematomas, pseudoan-
eurysms, or arteriovenous fistulas.

When abnormalities are detected in revascularized 
vessel segments, their character, location, extent and 
degree of stenosis (obstruction) should be reported).

When a hemodynamically significant flow impair-
ment or obstruction is detected, the arterial system of 
the entire limb should be examined and the location of 
collateral circulation flows should be identified.

5.4. LEAD patients with atrial fibrillation
Atrial fibrillation is common in LEAD patients and is 
associated with poorer treatment outcomes compared 
to non-AF patients. Although little data are available on 
regarding the choice of particular anticoagulant treat-
ments in LEAD patients and indications for oral antico-
agulant therapy, the first step consists in reevaluation of 
indications for the latter. Oral anticoagulant treatment 
should be continued only id explicitly indicated (e.g. 
paroxysmal, persistent, or permanent AF combine 
with CHA2DS2-VASc score of > 2 [congestive heart 
failure, arterial hypertension, age > 75 years {2 points}, 
diabetes, brain stroke {2 points.}, vascular disease, 
age 65–74 years, female gender]), mechanical valve 
prosthesis or pulmonary embolism. Notably, LEAD 
corresponds to 1 point in the CHA2DS2-VASc score and 
may impact the indications for use of oral anticoagulants 
(OACs). In a post-hoc analysis of data from Rivaroxaban 
Once Daily Oral Direct Factor Xa Inhibition Compared 
with Vitamin K Antagonism for Prevention of Stroke 
and Embolism Trial in Atrial Fibrillation (ROCKET-AF) 
study, a significant interaction was observed in relation 
to severe and other clinically significant bleedings as 
the risk of these events differed significantly between 
LEAD patients (n = 839) treated with rivaroxaban and 
and patients treated with warfarin (HR 1.40; 95% CI 
1.06–1.86) on non-LEAD subjects (HR 1/03; 95% CI 
0.95–1.11; P = 0.037). Further studies are needed.

The duration of combination treatment should be 
as short as possible (1 month), depending on clinical 
indications and bleeding risk. Addition of antiplatelet 
treatment may depend on concomitant coronary artery 
disease or the need for endovascular revascularization 
due to LEAD. In such cases, TAPT (e.g. ASA, clopidogrel 
and anticoagulant) is discouraged with the exception 
of stents being implanted in infrapopliteal vessels 
or complex lesions associated with very high risk of 
thrombosis. The proposed algorithm of management 
including LEAD treatment and bleeding risk control is 
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presented in Figure 14. Proton pump inhibitor is recom-
mended for stomach protection; the intensity of OAC 
administration should be monitored cautiously against 
the target international normalized ratio values (INR) 
of 2.0–2.5 in patients receiving a vitamin K antagonist 
(VKA) with the exception of patients with mechanical 
mitral valve prosthesis. In patients receiving non-vitamin 
K antagonist oral anticoagulants (NOACs) combined 
with antiplatelet drugs, the dose should correspond 
to the lowest dose assessed in registration studies as 
pertaining to brain stroke prevention.

5.4.1. Combined antiplatelet and anticoagulant 
treatment
Conventional anticoagulant treatment is of no special 
importance in patients with symptomatic LEAD and no 
other indications for such treatment, such as e.g. Atrial 
fibrillation or venous thromboembolism. The efficacy 
of warfarin or acenocoumarol (with target INR values 
in the range of 2–3) combined with antiplatelet therapy 
compared to antiplatelet therapy alone in PAD patients 
was assessed in the Warfarin Antiplatelet Vascular 
Evaluation (WAVE) study to reveal that the combined 
antiplatelet and anticoagulant treatment was not supe-
rior in terms of major adverse cardiac event (MACE) 
prevention while being associated with a more than 
threefold increase in the incidence of life-threatening 
hemorrhages.

Recently, the COMPASS study assessed the new 
strategy for combined antiplatelet and anticoagulant 
treatment consisting in ASA being combined with a small 
dose of a NOAC; the treatment was compared to ASA 
or NOAC alone in patients diagnosed with stable cardio-
vascular disease. Since the new possibilities of combines 
anticoagulation treatment suggested by the results of the 
COMPASS could not have been included in the latest 
ESC guidelines for the management of PAD patients as 
published in 2017, they will be discussed in more detail 
herein as they would potentially impact future practice 
of LEAD patient management.

5.4.2. The COMPASS study
In a large, multicenter, randomized COMPASS study, 
combination of ASA (100 mg/d) and a small dose of 
rivaroxaban (2.5 mg twice daily) was compared to ri-
varoxaban alone (5 mg twice daily) or ASA alone (100 
mg/d) in more than 27,000 patients with stable coronary 
artery disease or PAD. The study was discontinued after 
mean observation time of 23 months due to the observed 
superiority of ASA and rivaroxaban combination which 
led to a significant reduction in the incidence of complex 
endpoint encompassing cardiovascular deaths, myocar-
dial infarctions ad brain strokes as well as to a reduction 
in cardiovascular and all-cause mortality rates.

In a prospectively designed analysis of a subgroup 
of 7470 patients with PAD (LEAD or carotid artery 
disease) combination of ASA and rivaroxaban was found 
to be associated with a significantly lower incidence of 
the aforementioned complex endpoint as compared 
to ASA alone (risk being reduced by 28%) as well as 
a significantly lower incidence of major limb-related 
events, including amputation (risk being reduced by 
46%). The risk of all amputations for cardiovascular 
reasons was reduced by 60% while the risk of major 
amputations was reduced by 70% compared to ASA 
monotherapy group. Median treatment time was 21 
months. The study inclusion criteria for LEAD patients 
included history of percutaneous or surgical interven-
tion, history of amputation or intermittent claudication 
in patients with objectively documented LEAD (ABI < 
0.9 or arterial stenosis of > 50%). Major limb-related 
events were defined as acute ischemia and severe 
chronic ischemia requiring vascular intervention or 
amputation. The results obtained within the LEAD 
subgroup were the same as in the entire PAD group. 
Rivaroxaban monotherapy did not reduce the incidence 
of primary endpoint compared to ASA monotherapy 
while being associated with a lower incidence of major 
limb-related events and lower rate of amputations. 
Rivaroxaban, either in monotherapy or in combination 
with ASA, was associated with increased risk of major 
hemorrhages, mostly within the gastrointestinal tract; 
no fatal hemorrhages, intracranial bleedings or hemor-
rhages within the key organs were observed.

Results of a separate analysis on the incidence of ma-
jor limb-related events in 6391 LEAD patients included 
in the COMPASS study was also published. Compared 
to ASA alone, combination of rivaroxaban and ASA 
was associated with a 43% reduction in the incidence 
of major limb-related events, 59% reduction in the 
rate of amputations, and 24% reduction in the rate of 
peripheral vascular interventions. The occurrence of 
a major limb-related event was associated with poor 
prognosis (annual risk of death of 8.3%, annual risk of 
amputation 20.5%) Rivaroxaban was associated with in-
creased risk of major hemorrhages, albeit not severe or 
fatal hemorrhages. As pointed out by the authors of the 
Editor’s Comment, as absolute reduction of the risk of 
major limb-related incidents was more or less equal to 
the absolute increase in the risk of major hemorrhage, 
it might be difficult to assess the risk-to-benefit ratio for 
rivaroxaban-containing combination. The highest risk of 
major limb-related events was observed in patients with 
history of amputation or vascular intervention (3.8%); 
it was lower in patients with symptomatic LEAD and no 
history of amputation or vascular intervention (1.37%) 
and the lowest in asymptomatic LEAD patients (0.5%). 
Therefore, it appears that the risk-to-benefit ratio may 
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be highest in patients with history of amputation or 
vascular intervention and lowest in asymptomatic LEAD 
patients. Considering the overall reduction in the risk of 
MACEs in the COMPASS study, it was also concluded 
that inclusion of rivaroxaban in the treatment regimen 
would be most beneficial to patients with concomitant 
coronary artery disease, particularly patients with  
a history of myocardial infarction.

5.5. Management of acute ischemia
Acute limb ischemia (ALI) develops as the result of the 
inflow of blood and nutrients to metabolically active 
tissues such as muscles, skin, or nerves, being stopped 
in a sudden manner [19]. In contrast to chronic ischemia 
which may be associated with the development of col-
lateral circulation due to its duration, acute ischemia is 
characterized by lack of collateral circulation to com-
pensate the for loss of perfusion. Extended periods of 
ischemia may pose a threat not only to the limb, but 
to the patient’s life as well. Hypoperfusion of the limb 
is associated with systemic acid-base balance disorders 
leasing to disturbed cardiovascular and renal function. 
Efficient reperfusion might increase these disturbances 
by the release of highly toxic reactive oxygen spe-
cies. Thus, early diagnosis and initiation of optimum 
therapeutic management are crucial for possibly best 
treatment outcomes.

The incidence of complications and deaths in pa-
tients with acute ischemia is high. Despite emergency 
revascularization using thrombolytics or a surgical 
procedure, limb amputation is required in 10–15% 
of patients during hospitalization. About 15–20% of 
patients die within one year from episode, frequently 
due to comorbidities which predisposed them to acute 
limb ischemia [19, 93, 94].

A typical clinical presentation of acute limb ischemia 
is defined as 6P: pale, pulseless, painful, paralysed, par-
aesthetic and perishing with cold.

The most common causes of acute limb ischemia in-
clude arterial embolism or cardiac origin, atherosclero
tic thrombosis, embolizing aneurysm, aortic dissection 
or arterial injury. Etiology of the disease, intensity and 

duration of symptoms, and the intensity of motor and 
sensory deficits in the limb are decisive for treatment 
planning. The time frame of 4–6 hours between the 
event and treatment is due to longer periods of ischemia 
not being tolerated by skeletal muscles.

After the diagnosis, 5000 IU of non-fractionated 
heparin should be administered unconditionally to 
prevent secondary thrombosis; analgesic treatment 
should also be delivered [19].

The role of heparin in preventing secondary pro-
gression of thrombosis was first described by Blaisdell in 
1978. Maintenance of the patency of peripheral arteries, 
and particularly microcirculation, downstream of the 
obstruction site, is crucial for the overall treatment 
outcome [95].

Acute lower limb ischemia is treated by means of 
surgical or endovascular methods or by combinations 
of the two; hence, today’s vascular surgery demands 
that specialist departments are equipped with hybrid 
operating rooms facilitating smooth transition between 
both modalities as needed. Duration of symptoms is 
of key importance for treatment planning. Pursuant 
to the SVS criteria, clinical categories of acute lower 
limb ischemia are defined along with time frames for 
the required revascularization procedure (Table 28).

In case of moderately intense symptoms of ischemia 
(grade I), general anticoagulation treatment and stabili-
zation of patient’s overall condition is usually required 
while the repair intervention may be carried out in an 
accelerated setting within 6–24 hours.

Patients diagnosed with borderline or direct threat of 
limb loss (grades IIA and IIB) should be operated within 
the “golden” 6 hours; among other factors, this is due 
to the high risk of ischemia progressing to grade III [96].

The decision regarding the treatment modality 
i grade IIA is largely dependent on the duration of 
symptoms. Local thrombolysis is more efficient when 
the duration of ischemia is shorter than 14 days. Surgical 
revascularization is recommended in individuals with 
contraindications to thrombolytic treatment, incom-
plete response to thrombolytic treatment, or disease 
duration of more than 14 days [97, 98].

Table 28. Clinical categories of acute lower limb ischemia according to the Society for Vascular Surgery

Grade Category Dysesthesia Motor deficit Prognosis

I Viable tissues Absent Absent No immediate threat

IIA Marginal threat Absent or minimum 
(toes)

Absent Can be saved by immediate  
treatment

IIB Immediate threat Extending beyond toes Mild/moderate Can be saved by immediate  
revascularization

III Irreversible damage Intense, numbness Intense, paralysis (stiffness) Severe tissue loss, permanent  
neural damage imminent
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In patients with grade I and IIA ischemia in whom 
the time of revascularization is not of the utmost im-
portance, angiographic examination is recommended

as less invasive endovascular techniques such as 
aspiration thrombectomy or local thrombolysis can be 
performed in many cases with good clinical outcomes 
and recanalization rates of 75 to 92% [99–101].

Recombinant tissue plasminogen activator is the 
drug of choice at most centers offering local throm-
bolysis procedures. It is recommended to monitor the 
serum fibrinogen levels, as concentration lower than 
2 g/dL is an indication for treatment discontinuation so 
as to avoid uncontrolled bleeding [102].

Complications following the thrombolysis are mani-
fested as bleeding in 6–9% of cases, including as intrac-
ranial bleeding in less than 3% of cases. Main factors 
associated with increased risk of bleeding include the 
duration of treatment, age, low baseline thrombocyte 
level, and comorbid arterial hypertension [103, 104].

Emergency surgery is required in patients with acute 
limb ischemia classified as grade IIB (limb-threatening) 
[57]. In such cases, surgical rather than endovascular 
treatment is recommended; however, systems for me-
chanical or thrombolytic management as introduced in 
recent years open up new possibilities and prospects 
for wider use in the treatment of this group of patients.

In grade IIB ischemia, chances for limb saving still 
exist, but immediate surgery is required. If acute ischemia 
is due to an embolism, it should be removed by surgical 

means. In case of atherosclerotic arterial thrombosis, 
surgical thrombectomy is performed on intraoperatively 
located lesions; if needed, surgery may be supplemented 
with angioplasty, endarterectomy, or bypass grafting.

Revascularization of arteries with grade III ischemia 
is usually futile and may lead to opposite effects due 
to the high risk of organ dysfunction and death due 
to reperfusion [95]. In a significant majority of cases, 
emergency primary limb amputation is required [105].

Grade III ischemia is considered irreversible. How-
ever, if the duration of ischemia is not greater than 2 
hours and if no muscle rigor is observed locally, revas-
cularization success is still possible, albeit the possibility 
of post-operative subfascial tension quiring fasciotomy 
should be kept in mind [106].

5.5.1. Summary
The choice of the surgical technique depends on the 
etiology of acute limb ischemia; regardless of that, it 
should also ensure possibly fastest restoration of limb 
circulation. Final decision on the revascularization 
method should be made on case-by-case basis with 
the operating teams abilities and experience being 
taken into account. Prolonged ischemia is the most 
common cause of inefficient revascularization and limb 
amputation.

Figure 19 presents the algorithm for the manage-
ment of acute lower limb ischemia according to the 
ESC/ESVS guidelines.

Present Absent

Acute limb ischemia

Heparin and pain management

Viable tissue, 
no neurological 

decit (Rutherford I)

Viable tissue 
with neurological 

decit (Rutherford II)

 Irreversible damage
(Rutherford III)

Initial work-up 
(DUS, CTA, DSA)

Urgent revascularization:
thrombectomy/bypass

 Amputation

Underlying vascular lesion?
Revascularization within hours 

(thrombolysis/thrombectomy/bypass)

angio-CT — computed tomography angiography; DSA — digital subtraction angiography; DUS — duplex ultrasonography

Endovascular therapy 
and/or surgery

Medical treatment 
and follow-up

Figure 19. Algorithm for the Management of acute lower limb ischemia according to ECS and ESVS guidelines
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5.6. Peculiarity of care to amputation patients

5.6.1. Background
Evaluation of the amputation risk using the WIfI classi-
fication — the most severe form of LEAD is referred 
to as chronic limb threatening ischemia (CLTI. Wounds 
and infections should be taken into account along with 
ischemia (the new WIfI classification). The TASC clas-
sification has been removed from guidelines.

5.6.1.1. Minor amputation
In the case of CLTI, minor amputation (up to the fore-
foot level) is often required to remove necrotic tissues 
with minor consequences for patient’s mobility. Revas-
cularization is required prior to amputation for better 
wound healing. Determination of amputation range may 
be facilitated by TcPO2 measurements within the foot 
and toe blood pressure measurements.

5.6.1.2. Major amputation
In patients with extensive necrosis or infected gangrene, 
as well as in immobile or severely comorbid patients, 
primary major amputation may be the optimum solu-
tion. Major amputation is the last resort of treatment 
aimed at prevention or suppression of generalized 
complications of irreversible lib ischemia; in some cas-
es, improvement in patient’s condition is possible with 
prosthesis and rehabilitation. In terminally ill patients, 
appropriate analgesic treatment and other maintenance 
therapy may also be provided.

Secondary amputation should be performed when 
revascularization has failed and reintervention is not 
possible or when the condition of the limb is deterio-
rating due to infection or necrosis despite the bypasses 
being patent and optimum treatment being delivered. 
In all cases, below-the-knee amputation should be pre-
ferred since conservation of the knee ensures better 
mobility after prosthesis fitting. Thigh-level amputation 
may be the best solution in bed-ridden patients.

5.6.2. Post-amputation patients — management 
and complications

Recovery after limb amputation
Limb amputation is performed as the last resort of 
treatment after all methods to save limb have failed. 
The recovery may take several months or more than a 
year depending on the type and extent of amputation 
and potential complications.

Informed consent of the patient is required for the 
procedure. In unconscious patients in direct life-threat-
ening condition, the decision is made by the medical 
team. 

5.6.2.2. Preparation for discharge
During post-operative rehabilitation including the 
strengthening of particular muscle groups and restora-
tion of appropriate systemic competence levels, it is also 
important to educate patients on limitations caused by 
the procedure and available methods to eliminate these 
limitations using orthopedic equipment. Patient’s family 
also plays an important role and should be instructed on 
the mode of care and the necessity of adapting patient’s 
residence to their new needs.

5.6.2.3. Compression garments
After the surgery, stump swelling develops in patients 
as a normal consequence of the procedure. Compres-
sion garments may help reduce swelling and phantom 
pains. It is recommended that compression garments 
are worn all day long.

5.6.2.4. Discharge (several days to several  
weeks after the surgery
Once hospitalization is complete, patient should be 
referred to rehabilitation treatment. Patients should 
report for successive follow-up visits to monitor the 
wound healing process until it is completely healed. 
Patients should immediately report at their doctor’s 
should any disturbing symptoms develop.

5.6.2.5. Prosthesis fitting (several months to more than one 
year after the surgery)
For most amputations, appropriate prostheses can be 
fitted to partially replace the function of the lost limb. 
The type of prosthesis may be adjusted to patient’s 
needs and activity levels. A young and physically active 
patient would expect the prosthesis to largely replace 
the function of the amputated limb. Before fitting, the 
skin and the stump must be appropriately prepared 
(shaped) so that the patient will be able to take all 
advantage offered by the prosthesis.

5.6.2.6. Rehabilitation (immediately after the surgery for 
several months to more than a year)
Rehabilitation is an individual process aimed at possibly 
best return to normal activity. Appropriate physical 
therapy program and its goals should be agreed upon 
by the physical therapist and the patient.

Usually, rehabilitation starts a dozen or so hours 
after the procedure with several simple exercises 
performed in recumbent or sitting positions. Follow-
ing amputation of the lower limb, patients are usually 
encouraged to use wheelchairs in the initial stage of 
rehabilitation. Also important is the mastering the 
technique of switching from the wheelchair onto 
a chair or bed and vice versa. As the wound heals and 
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the system recovers after the surgery, the range of 
exercises is broadened.

After wound healing has completed, prosthesis fit-
ting may be started. Next, physiotherapist should train 
the patient in the use of the prosthesis.

Although rehabilitation may be a long and mo-
notonous process, perseverance and commitment of 
both the patient and the therapist lead to very good 
outcomes, facilitating patient’s return to physical or 
professional activity.

5.6.2.7. Hygiene
Stump skin should be kept clean to reduce the risk of 
injury or infection. Patients should wash their stump skin 
with soap and water at least once a day; after washing, 
skin should be delicately dried. The stump should not 
be immersed in water for longer periods as it would 
soften the skin making it more prone to abrasions and 
injuries. Moisturizing creams should be used on ex-
cessively drying skin. Some patients use special socks 
worn on the stump to reduce the risk of skin irritation.

The patient should monitor their limb daily and re-
port at their doctors should any symptoms of infection 
such as redness, heat, skin tightness, purulent secretion 
from the wound or increasing swelling develop.

5.6.3. Care for the healthy limb
Protection of healthy limb is also important following 
amputation. If amputation was due e.g. To diabetes, the 
patient should be aware that the other limb is also at 
risk of complications potentially leading to amputation. 
Therefore, it is important to comply with physician’s 
recommendations regarding the prevention of compli-
cations and risk reduction methods.

5.6.4. Amputation-related complications
As any procedure, amputation may be associated with 
risk of complications. An additional risk is also to de-
layed initiation of treatment.

Factors that determine the risk of complications 
include patient’s age, comorbidities, or the type of 
amputation. The risk is increased in rescue amputations 
while being lower in scheduled procedures performed 
after proper patient preparation.

Amputation-related complications include cardio-
vascular complications, such as circulatory insufficiency, 
myocardial infarction, or vein thrombosis, delayed 
surgical wound healing, surgical wound infection, pneu-
monia, phantom pains, emotional problems.

In some cases, stump repair may also be required. 
Amputation is considered last resort treatment follow-
ing the failure of all other treatment methods. However, 
for some patients, the amputation of a limb that was 
a source of pain and numerous limitations improves the 

overall quality of life and facilitates return to normal 
functioning.

5.6.5. Pain
Many patients experience stump pain or phantom pain 
after amputation. Phantom pain is perceived as pain 
within the amputated part of the limb. It may vary in 
intensity. Some patients report their phantom pains as 
short pain episodes while others experience strong and 
persistent pain.

Stump pains may also be caused by other factors 
such as abrasions caused by prosthesis or damage to 
the nerves in the course of amputation.

5.6.6. Phantom pain treatment
Phantom pain usually subsides with time; however, nu-
merous methods are available to help reduce this pain 
and should be customized according to patient’s needs.

Drugs used to reduce pain include non-steroidal 
anti-inflammatory drugs (NSAIDs),
•	 such as ibuprofen, anticonvulsants,
•	 such as carbamazepine or gabapentine, antidepres-

sants, such as amitriptyline or nortriptyline, opioids, 
such as codeine or morphine, and steroid injections. 
Several non-invasive techniques are also available to 

reduce pain, including cold or hot compresses, massage, 
electrostimulation, etc.

In some cases, additional surgery (e.g. neuroma 
removal) may be required to reduce pain.

5.7. Amputation wound management
Amputation wound management should vary, e.g. 
depending on the patient status and the condition of 
limb before the procedure. The presence and intensity 
of inflammation — both local and systemic (usually in 
diabetic patients [14] and immunosuppressed patients) 
— is of key importance.

In such patients, complete wound closure following 
short-term surgical bed drainage is not recommended; 
instead, exudate drainage should be left in place for 
a longer period, determined for a case-by-case basis, 
to monitor the wound and local antiseptic conditions.  
An important task for medical team managers (hospital 
managers, department/clinic heads, ward directors, 
ward nurses) consists in establishing a team responsi-
ble for wound healing in such patients. Teams should 
comprise of a surgeon (general, vascular, orthopedic), 
procedural nurse, rehabilitation therapist and ortho-
pedic technician, diabetologist for diabetic patients, 
clinical dietitian, psychiatrist and psychologist, and  
a social worker.

The line-up of a multidisciplinary team involved  
in the treatment of arterial ulcers is presented in  
Figure 20.
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The process of amputation wound healing consists 
of two stages:
I.	 Before surgical wound closure — the objective of 

the management team is to promote granulation 
within the resection site and prevent the infection 
of the surgical site [107]. Since most surgical wards 
are colonized with multidrug-resistant bacterial 
species, the main task of the patient management 
team should be to lower the risk of such colonization 
and consequential infection. To this end, following 
principles should be adhered to:
a)	 wound condition assessments should be per-

formed using gloves with compliance to asep-
ticity and antisepticity principles;

b)	 if possible, dressings should be changed in dress-
ing rooms rather than in patient rooms;

c)	 when placing patient in recumbent or semi- 
-recumbent position, amputation stump should 
be elevated so as to minimize swelling;

d)	 after the procedure bed sore prevention and 
patient rehabilitation should be initiated to help 
the patient regain their independence and to 
stimulate wound healing processes. Attention 
should also be paid to pain conditions including 
differentiation of pain origin (phantom pain, 
wound infection, bed sore in the stump);

e)	 patients should receive appropriate nutrition 
compliant with wound healing principles;

f)	 any symptoms of suppuration (elevation and red-
ness of wound edges, purulent effusion, stump 

pain) require immediate revision of wound 
condition.

II.	 The second stage of wound healing consists in 
complete wound closure and preparation of the 
stump for the prosthesis to be fitted. At this stage, 
sutures should be removed (usually after 14-21 
days) and temporarily replaced with steri-strips (ca. 
5–10 days). Until the wound is closed, edges should 
be rinsed with an antiseptic agent or 0.9% NaCl 
if no signs of infection are present. While sutures 
remain in place, wound should be protected with 
sterile gauze pads; if inflammation persists within 
the wound edges, active dressings should be used 
as appropriate to local conditions. Gauze pads or 
active dressings should be secured so as to shape 
the stump in a funnel-like shape for safe prosthesis 
placement. Compression bandages are suitable 
for this purpose. Rigid compression bandages are 
used until the quantity of exudate/transudate is 
reduced. Soft compression bandages are used to 
reduce swelling at later stage of the wound healing 
process. Due to their structure and sensations 
they may cause (pain symptoms developing upon 
prolonged use), bandages should be changed even 
several times a day.
Principles (a–e) as listed for the first stage of the 

wound healing process also apply at this stage. At this 
stage, manual procedures to prepare the stump for 
prosthesis fitting (stump circulation-stimulating mas-
sages) become particularly important.

Orthopedist
Physiotherapist

Orthotist
Shoemaker

Vascular 
surgeon

Angiologist
Diabetologist
Cardiologist

Neurologist
Nephrologist

Psychologist
Psychiatrist

Nurse educator
Dietitian

Podiatric nurse

Figure 20. Multidisciplinary team involved in the treatment of arterial ulcers and in the management of post-amputation patients
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Principles for the placement of elastic bandages 
on above-the-knee and below-the-knee stumps are 
presented in Figure 21 A, B.

5.7.1. Wound management in patients  
with arterial ischemia

5.7.1.1. Systemic management of patients 
with wounds of ischemic origin
Firstly, the management of patients with wounds of 
ischemic origin should be aimed at determination of 
the extent of ischemic lesions and possibility of revas-
cularization of arteries supplying blood to the wound 
area [108]. The baseline characteristics of ischemic 
lesions may vary since changes within the vascular bed 
may be due not only to the typical natural history of 
atherosclerosis as associated with age or smoking, but 
also to specific factors associated with long course of 
various comorbidities such as diabetes or vasculitis. 
For this reason, besides looking for ways to improve 
arterial blood supply, it is noteworthy to check whether 
ischemic lesions are not exacerbated by inappropriate 
or insufficient treatment of primary diseases. An exam-
ple may be provided by high blood glucose levels being 

maintained and increasing plasma osmolarity which is 
particularly important during revascularization, par-
ticularly within the small arterial vessel area [109, 110].

Since most wounds in patients with signs of arte-
rial ischemia are located within the shanks and feet, 
the diagnostic and therapeutic management should 
be immediate. Any delay in appropriate management 
increases not only the risk of losing the lower limb or 
a part thereof, but also the risk of complications due 
to the presence of devitalized tissue, including septic 
shock or acute coronary syndrome induction. The risk 
of such potential complications should be discussed 
with patients and their families prior to the treatment. 
Details of revascularization procedures also require 
consultation, as their effects are sometimes different 
than the expected improvement in limb blood supply 
(e.g. the blue toe syndrome). Sometimes, the team of 
vascular surgeons or interventional radiologists may re-
frain from performing the revascularization procedure. 
This is frequently the case in patients with signs of end-
stage renal insufficiency, quite commonly at the stage of 
hemodialysis treatment. Primary life-saving amputation 
is performed when circulation cannot be improved and 
signs of critical limb ischemia are observed.

Figure 21. Principles for wrapping an elastic bandage on post-amputation stump: A — amputation above the knee; B — amputation 
below the knee. Adapted from https://www.amputee-coalition. org/wp-content/uploads/2015/08/Care-of-Your-Wounds-After-
-Amputation-Surgery.pdf

A

B
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The success of the treatment also depends on the 
maintenance of tissue perfusion independent of revas-
cularization. This may be achieved by means of:
•	 optimization of patient hydration (initially parenter-

al, if no contraindications are present); overall intake 
of about 1500–2000 mL of liquids/day or 30 mL/kg 
body weight; separate rules apply for patients with 
end-stage chronic renal insufficiency, severe heart 
failure, patients with fever or vomiting patients;

•	 resolution of pain (systemic pharmacotherapy in line 
with the analgesic ladder; NSAIDs should be avoid-
ed; local pharmacotherapy, e.g. lidocaine patches);

•	 supplementation with necessary nutrients (e.g. 
administration of special nutrient blends) [1 11];

•	 improvement of tissue oxygenation (administration 
of oxygen via nasal prongs or oxygen mask; avoiding 
excessive tissue by maintaining the body tempera-
ture of ca. 38°C, particularly within the lower limbs; 
maintenance of body position facilitating blood being 
supplied to necrotic tissues;

•	 hyperbaric oxygen [HBO] in case revascularization 
is impossible or its outcomes are insufficient);

•	 smoking cessation anti-tobacco treatment).
If signs of wound infection are observed, antibiotic 

therapy should be initiated as determined on a case-by-
case basis (parenteral vs. oral) [112]. Short-term antibi-
otic therapy is also indicated in patients with neuropathic/
ischemic ulcers without signs of infection (e.g. in diabetic 
patients, in whom signs of infection may not always be 
present due to immunosuppression). This is particularly 
important in the periprocedural period, including before 
and after revascularization. Studies revealed that patients 
subjected to short-term parenteral antibiotic therapy 
presented with lower rates of major and minor ampu-
tations. There are no indications for long-term antibiotic 
therapy in patients with arterial ulcers. Lack of improve-
ment following antibiotic therapy indicates the necessity 
to identify the causes of this condition; a possible cause 
is the presence of non-removed, wet necrotic lesions 
(cf. point 2 in the principles for local management of 
wounds with signs of ischemia).

With regard to systemic treatment, optimization of 
treatment of diseases promoting delayed wound healing 
should be taken into account, e.g. by administration 
of loop diuretics to patients with edema due to heart 
failure. Metabolic control in diabetic patients is simi-
larly important, as is normalization of blood pressure 
in hypertensive patients or lowering the patient’s lipid 
profile [113]. If amputation is required, psychological 
and psychiatric care is required; pharmacotherapy of 
phantom pains should also be delivered. Independently, 
antiplatelet and anticoagulation therapy are of signifi-
cant importance and have been discussed separately 
in section 4.3.

Motor rehabilitation should be offered at every 
stage of the treatment, also in cases when resection 
procedures are required. The principle of avoiding 
direct burden to the wound region applies.

5.7.2. Local management of wounds  
with signs of ischemia

5.7.2.1. General principles
In each case when a wound is of ischemic origin, po-
tential for revascularization should be analyzed prior 
to any local treatment.

If dry necrotic tissue is present within the sound, it 
should not be removed; they may be left for autoampu-
tation while being monitored for signs of superinfection. 
Paradoxically, dry necrosis may sometimes be trans-
formed into wet necrosis following a revascularization 
procedure. If signs of wet necrosis are observed within 
the patient’s wound, the basic rule consists in the re-
moval of infected tissues.

Notably, bed sores are also wounds due to local 
ischemia, and therefore the prevention of bed sores is 
listed among the measures dedicated particularly for 
patients with signs of impaired arterial circulation and/or 
diabetes. Local methods, such as rings placed under 
the heels of special sponge dressings shaped to fit to 
the heel or the lumbar region are recommended. The 
risk of such lesions is very high during long surgeries, 
such as aortocoronary bypass grafting procedures. If 
bed sore develops in the heel region in a patient with 
atherosclerotic lesions within lower limb arteries. 
Systemic and local management principles should be 
followed as in the case of any other wound presenting 
with signs of ischemia.

5.7.2.2. Specific principles
Principles for local management in patients with wounds 
originating from impaired arterial perfusion depend on 
the current wound condition. Four clinical cases may 
be distinguished [114], as follows:
I.	 Arterial ulcer with signs of dry necrosis — no 

possibility of revascularization or no improvement 
following revascularization:
•	 the wound consists in the necrosis of superficial 

skin layers (eschar) or skin along with the deeper 
tissue;

•	 removal of necrotic tissue and placement of 
dressings maintaining moist wound environment 
are contraindicated;

•	 the wound should be kept in conditions prevent-
ing moist wound environment; rinsing the wound 
with physiological saline should be avoided; anti-
septic agents facilitating the maintenance of dry 
wound environment (e.g. povidone iodine) may 
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be used and wound may be protected using dry 
sterile gauze pads or dry dressing and non-com-
pressing bandage (bandage must not be tied using 
bow knots etc.);

•	 skin around the wound should be hydrated with a 
moisturizing/oiling ointment, such as cholesterol 
ointment;

•	 if signs of infection develop below the dry necrot-
ic tissue, methods for elimination thereof should 
be considered.

II.	 Arterial ulcer with signs of wet necrosis — no 
possibility of revascularization or no improvement 
following revascularization:
•	 If possible, the layer of wet necrotic tissue should 

be removed without the use of surgical instru-
ments — dissemination

•	 of necrotic foci should be prevented by the main-
tenance of dry conditions; surgical resection of 
necrotic tissue should be performed if required;

•	 antiseptic agents facilitating the maintenance of 
dry wound environment (e.g. povidone iodine) 
should be used;

•	 if wet wound environment persists, absorbent 
dressing may be used, for example a dressing with 
silver ions if signs of infection are present; finally, 
wound should be protected with non-compress-
ing bandage (bandage must not be tied using bow 
knots etc.);

•	 a moisturizing/oiling ointment, such as cholesterol 
ointment, should be applied to skin surrounding 
the wound. 

III.	Arterial ulcer with signs of dry necrosis — following 
successful revascularization:
•	 as in section 1

IV.	 Arterial ulcer with signs of wet necrosis — following 
successful revascularization:
•	 in this case, necrotic tissue may be removed 

following revascularization procedure;
•	 In contrast to the previous types of wounds, 

moist wound environment should be maintained 
as per the TIME (tissue, infection, moisture, 
edge) strategy;

•	 a moisturizing/oiling ointment, such as cholester-
ol ointment, should be applied to skin surround-
ing the wound.

5.7.2.3. Additive methods in local treatment of wounds pre-
senting with signs of necrosis [115]
Negative pressure wound therapy (NPWT) is an effi-
cient method that may be used after blood supply is 
improved by means of revascularization procedures; 
however, periodic monitoring of wound condition 
should be performed (every 2–3 days) so that the treat-
ment may be discontinued should the healing worsen.

Intermittent pneumatic compression (IPC) may be 
used after blood supply is improved by means of revas-
cularization procedures; however, no data are available 
from studies assessing uniform indications for this 
method in patients with arterial circulation disorders.

Stem cell therapy — a potentially promising method, 
albeit no clinical evidence is available for its efficacy in 
this group of patients.

Gene therapy, for example vascular endothelial 
growth factor (VEGF) therapy — a potentially promising 
method, albeit no clinical evidence is available for its 
efficacy in this group of patients either.

Local oxygen therapy — albeit no clinical evidence 
is available for its efficacy in this group of patients.

Electrical stimulation of spinal cord — for reduction 
of pain.

5.7.3. Principles of care to patients  
with arterial ulcers
Despite clinical efficacy of revascularization procedures 
and the potential of the remaining methods, both 
systemic and local, patients with peripheral vessel 
diseases must remain under constant supervision of 
an interdisciplinary team consisting particularly of vas-
cular and general surgeons, cardiologist, diabetologist, 
nephrologist, psychologist, and rehabilitation therapist. 
Podiatric procedures should be closely monitored 
by the treating physician i.e. the vascular surgeon or  
a diabetologist experienced the treatment of wounds 
in the case of diabetic patients.

Patients should be followed up for circulation ef-
ficiency following the revascularization procedure, as  
a minimum after 3, 6, and 12 months.

The development of new ulcers requires immediate 
control at a vascular surgery clinic so that the vascular 
system may be reassessed, potential revascularization 
may be undertaken, and further decisions may be made 
regarding continued systemic and local treatment.

6. An attempt at competence positioning 
— an algorithm for the referral 

of patients to primary care physicians, 
vascular surgeons, and other specialists

An algorithm for the referral of patients to primary care 
physicians, vascular surgeons, and other specialists is 
presented in Figure 22.

7. List of drugs most commonly used in 
lead patients, including dosage regimens

Medical treatment of LEAD patients is aimed at res-
olution of clinical symptoms (increasing the intermittent 
claudication distance) and at reduction of the risk of 
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their progression and potential threat of limb loss. It is 
based on careful evaluation of risk factors, concomitant 
diseases, walking training and pharmacotherapy.

As per the 2017 ECS/ESVS guidelines, the role of 
medications is not exposed in the outcomes of the treat-
ment of patients with intermittent claudication. Most 
common drugs used in the studies included cilostazol, 
naftidiofuryl, pentoxifylline, buflomedil, carnitine and 
propionyl-L-carnitine. However, objective documen-
tation of treatment outcomes is limited. The positive 
impact on the walking distance, if any, is usually mild to 
moderate and is characterized by high inter-individual 
variability [74, 116–119].

7.1. Cilostazol (dosage: 100 mg 2 × day)
Cilostazol is a phosphodiesterase type 3 (PDE3) in-
hibitor. Inhibition of PDE3 increases the cAMP levels 
in vascular smooth muscles and platelets and inhibits 
aggregation of the latter.

MWD elongation was demonstrated in several 
clinical trials as compared to placebo or pentoxifylline. 
However, the effect on the MWD is highly variable. The 
recent analysis of Cochrane Collaboration database 
data revealed that the dose of 100 mg 2 times/day led 
to average elongation of MWD by 76% as compared 
to 20% in placebo groups. Another review suggested 

Medical therapy — 
usually supervised 

by primary care 
physician

1. Basic examinations
2. Blood glucose control
3. Blood pressure control
4. Lipid prole

Cardiologist 
consultation

Echocardiographic 
examination

Vascular surgeon — consultation and decision 
regarding further management

ECHO — echocardiography; eGFR — estimated glomerular ltration rate; ECG — electrocardiography; 
HbA  — glycated hemoglobin; US — ultrasound1c

Medical therapy 
(vascular surgeon, 

angiologist)

Surgery 
(vascular surgeon)

Diabetologist 
(HbA )1c

Nephrologist 
(eGFR)

Vascular surgeon, angiologist

Arterography

Cardiologist/Internal 
Medicine specialist 

ECG/ECHO

Neurologist 
(US of carotid arteries)

Figure 22. Algorithm for the referral of LEAD patients for further care
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that the mean improvement attributed to cilostazol was 
as low as 25% [74].

Cilostazol has an antiplatelet effect and therefore 
caution should be used when combining the drug with 
other antiplatelet drugs and anticoagulants. Interest-
ingly, cilostazol reduced restenosis after endovascular 
treatment while increasing the incidence of hemorrhag-
ic complications in randomized controlled trials [36].

Frequently reported adverse events included head-
ache and diarrhea. Due to its mechanism of action, 
cilostazol may reduce arterial blood pressure and cause 
cardiac arrhythmias.

Cilostazol should be taken 30 minutes before break-
fast and 30 minutes before the evening meal. When 
taken with meals, cilostazol was found to reach higher 
maximum plasma concentrations, which may lead to 
increased incidence of adverse events [120].

When administered to 23 patients with CLTI, ci-
lostazol afforded a significant clinical improvement in 
5 patients. Only one major amputation was required 
in the study group over the average follow-up period 
of 11.8 months [121].

Main contraindications include: congestive heart 
failure, hemorrhagic stroke/unstable angina pectoris/
myocardial infarction/coronary intervention within last 
6 months, history of significant ventricular arrhythmia, 
simultaneous use of at least 2 other anticoagulant 
agents (anti-platelet drugs or anticoagulants), severe 
renal dysfunction (creatinine clearance < 25 mL/min).

7.2. Naftidrofuryl (dosage: 200 mg 3 × day)
Naftidrofuryl is a strong antagonist of 5-hydroxy-
tryptamine type 2 receptors in smooth muscle cells, 
affording reduced erythrocyte and platelet aggregation. 
The effect is observed in both cerebral and periph-
eral circulation. Naftidrofuryl has strong spasmolytic 
properties.

Its efficacy has been confirmed in a meta-analysis 
of 5 studies [118] ad in a Cochrane database survey. 
The walking distance increased significantly by 26% 
compared to placebo [122].

Patients’ quality of life has also improved after naf-
tidrofuryl treatment [123].

The most common adverse effects consist in mild 
gastrointestinal disorders. Naftidrofuryl used to be 
very popular in Poland in the 1980s; currently, it is not 
registered. It is still available in Western Europe.

7.3. Antiplatelet drugs
Antiplatelet drugs are of great importance for the 
treatment of LEAD patients. They are used in preven-
tion of thrombotic events in the course of myocardial 
infarction, brain stroke, and peripheral artery disease. 

In LEAD patients, efficacy was documented for ASA 
used at doses of 75–325 mg per day, ticlopidine at 
doses of 250 mg bid and clopidogrel at the dose of 75 
mg qd [124].

On the basis of randomized clinical studies, long-
term antiplatelet therapy (ASA or clopidogrel) is 
recommended in patients with symptomatic chronic 
lower limb ischemia.

In case of patients with asymptomatic PAD, admin-
istration of ASA is not warranted. Also, dual antiplatelet 
therapy is not recommended in LEAD patients in the ab-
sence of other indications (e.g. presence of drug-eluting 
stent) due to the increased risk of bleeding and the lack 
of evidence regarding the benefits of DAPT [125–127].

Studies on other antiplatelet drugs (clopidogrel, 
ticagrelor, vorapaxar) revealed that despite additional 
benefits of their use, the elevated risk of bleeding or 
other adverse events lead to ASA being considered the 
drug of choice in patients with intermittent claudication 
[128–130].

7.4. Statins
Lipid-lowering agents are an important element of 
treatment in LEAD patients. By reducing the lipid levels, 
they not only slow down the disease progression, but 
also reduce the risk of potential cardiovascular com-
plications. The pleiotropic effect of statins improves 
the function of vascular endothelium which is being 
impaired in the course of atherosclerosis . Among other 
factors, the pleiotropic effect consists in protection of 
vascular endothelium, stabilization of atherosclerotic 
plaque, anti-inflammatory activity and impact on the 
coagulation and fibrinolysis system.

The strength of statins depend on the product and 
dose.

As demonstrated in several studies, statins are 
effective in extending the walking distance. In patients 
treated with atorvastatin at the dose of 80 mg per day 
for 12 months, elongation of PFWD and reduction in 
the rate of cardiovascular episodes was observed [131].

Simvastatin used at the dose of 40 mg per day in 
short-term therapy of patients with intermittent claudi-
cation and comorbid hypercholesterolemia significantly 
increased the PFWD and ABI values [132].

However, no superiority of medical treatment 
(including statins) over supervised cardio workout or 
stenting has been demonstrated in the Claudication: 
Exercise vs. Endoluminal Revascularization (CLEVER) 
[133].

Large doses may increase the efficacy while also 
increasing the risk of adverse events such as gastrointes-
tinal disorders, increased transaminase concentrations, 
myopathy, and, in extreme cases, rhabdomyolysis.
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7.5. Pentoxiphylline (dosage: 400 mg 3 × day)
Pentoxiphylline is a xanthine derivative which, together 
with teophylline and caffeine, belongs to the group of 
non-selective phosphodiesterase blockers. Discovered 
in Germany in 1950, it was initially used as a drug im-
proving microcirculation blood flow by means of reduc-
ing blood viscosity and thrombus formation potential. 
Multidirectional mechanism of action is highlighted for 
this agent, including the enhancement of intracellular 
adenosine-5‘-triphosphate levels to reduce the out-
flux of potassium ions and increase phosphorylation 
of erythrocyte membrane proteins for membrane 
stabilization. As the consequence, deformability of 
erythrocytes is increased to facilitate their “squeezing” 
along tiny microcirculation vessels for better tissue 
oxygenation. Compared to naftidrofuryl and cilostazol, 
pentoxiphylline is characterized by lower efficacy of 
MWD elongation as it is increased by 60% for naftidro-
furyl, 25% for cilostazol and 11% for pentoxiphylline 
and PFWD elongation as it is increased by 49%, 13%, 
and 9%, respectively [74].

Today, pentoxiphylline is used less commonly as 
more efficient drugs are available.

7.6. Sulodexide (dosage: 2 capsules [500 LSU] 
2 × day)
Sulodexide is a blend of glucosaminoglycans containing 
fast-moving heparin (80%) and dermatan sulfate (20%). 
Sulodexide is characterized by strong, multidirectional 
effect including anticoagulation, profibrinolytic, an-
ti-inflammatory, plasma lipid-lowering and vascular 
endothelium-protecting effects, particularly in hyperg-
lycemic conditions [134]. Sulodexide inhibits activation 
and aggregation of platelets and reduces oxidative stress 
in leukocytes [135]. It inhibits the in vitro release of met-
alloproteinase-9 and reduces its activity in blood [75]. 
Anti-inflammatory effect is determined by the reduction 
in blood cytokine levels, including those of interleukin 
6, transforming growth factor b1, and VEGF [136, 137].

Coccheri et al. [85] demonstrated that a six-month 
sulodexide treatment in patients with intermittent 
claudication significantly increased the pain-free walking 
distance by 76% compared to the baseline and by 33% 
compared to placebo (elongation by 142.3 ± 15.8 m; 
P < 0.001). The effect was independent on concomitant 
diabetes. A meta-analysis of 19 studies in 849 patients 
with peripheral atherosclerosis confirmed the earlier 
findings [86]. Sulodexide was found to have a significant 
impact on the reduction in the levels of triglycerides 
(average of −28%) and fibrinogen (−13%), the re-
duction in plasma and serum viscosity, and the increase 
in HDL-C levels (+24.4%). At the same time, PFWD 
elongation (36% compared to placebo) was observed.

7.7. Prostanoids — prostaglandins E1  
and I2 (dosage 1 × 80 µg/day in slow  
intravenous infusion for 20 days)
Prostanoids are considered a treatment option for 
patients with critical limb ischemia not qualifying for 
revascularization; however, their efficacy in this indi-
cation is somewhat ambiguous.

As revealed by a Cochrane analysis published in 
2018, although the results of studies published to 
date had suggested a significant pain-reducing effect 
and faster healing of ulcers in patients with critical 
limb ischemia, no unambiguous evidence from large 
randomized studies was available to confirm these 
findings [138].

7.8. L-carnitine (dosage: 2 × 1 capsule)
L-carnitine is synthesized from amino acids (lysine 
and methionine) in the liver, kidneys and brain and 
is involved in the transport of free fatty acids. Large 
quantities of L-carnitine can be detected in skeletal 
muscle cells. A reduction in L-carnitine levels leads to 
reduced metabolic potential of muscle cells and thus to 
reduced muscle energy efficiency. Although L-carnitine 
supplementation may be justified, clinical studies failed 
to demonstrate any advantages of its use compared to 
other LEAD treatment methods [139].

7.9. L-arginine (dosage: 3 × 2 g [2 sachets]/
day)
Beneficial effects of L-arginine were demonstrated in 
patients with hypercholesterolemia. L-arginine was 
shown to restore proper cholesterol metabolism [140], 
improve endothelial function and reduce concentrations 
of oxidative stress markers [141]. Promising results 
were also obtained in a group of patients with chronic 
lower limb ischemia [142, 143; however, it appears 
that besides for supplementation-related benefits, 
L-arginine has no greater importance in the treatment 
of LEAD [144].

7.10. Angiotensin converting enzyme 
inhibitors
Angiotensin I-converting enzyme inhibitors are one of 
the most important classes of drugs in use today, its 
range of indications growing constantly. Its attributed 
effects include not only antihypertensive but also an-
tiproliferative, nephroprotective, and even anticoagu-
lation activities.

In a randomized study to assess the efficacy of 
ramipril in patients with intermittent indications, the 
drug was demonstrated to be effective in increasing 
the walking distance, although the improvement was 
not correlated with an ABI increase [145].
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In a new meta-analysis of four studies remaining 
after two ramipril studies had been discontinued, no 
improvement in the walking distance was observed. 
Ramipril may be used in the treatment of LEAD in 
patients with concomitant arterial hypertension [146].

7.11. Gingko biloba (dosage: 2 × 1 capsule)
Gingko biloba has been used in natural medicine for 
thousands of years and is an important ingredient in tra-
ditional Chinese medicine. Gingko biloba presents with 
antioxidative and anti-aggregation effects. In a Cochrane 
Database systemic review encompassing a total of 11 
studies in 477 patients, no clinically significant efficacy 
was demonstrated compare to placebo in patients with 
intermittent claudication [147].

7.12. Padma 28 (dosage: 2–4 capsules/day)
Data are available to suggest short-term efficacy of 
Padma 28 in increasing the walking distance; however, 
long-term results remain unknown and the quality of 
evidence is methodologically poor. Evidence on publica-
tion bias was also presented for these reports. There-
fore, no sufficient evidence is available to recommend 
Padma 28 in routine LEAD treatment [148].
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