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ABSTRACT
Atherosclerosis is a systemic disease affecting multiple arterial territories. Patients with clinical atherosclerotic

disease in one vascular bed are likely to have asymptomatic or symptomatic atherosclerotic lesions in other
vascular beds. Specifically, peripheral arterial disease (PAD) often coexists with coronary and carotid disease.
With progression of atherosclerotic disease in one vascular bed, the risk of clinical manifestations in other
territories increases and the incidence of adverse cardiovascular events increases substantially with the
number of affected vascular beds. Classical risk factors are associated with the development of polyvascular
atherosclerotic disease (PVD) in different territories; however, to a different extent. Risk modification
represents basic treatment of patients with PVD. All modifiable risk factors should be aggressively controlled
by lifestyle modification and medication. Particular attention should be directed to patients with PAD who are
often undertreated in spite of the proven benefits of guideline-based approach. There is currently no proof that
identification of asymptomatic atherosclerosis and PVD improves clinical outcomes in patients who are already
in prevention programs. Revascularization should be performed only in symptomatic vascular beds, using the
least aggressive method according to consensual decision of a multidisciplinary vascular team.
(Cite this article as: Poredos P, Blinc A, Novo S, Antignani PL. How to manage patients with polyvascular
atherosclerotic disease. Position paper of the International Union of Angiology. Int Angiol 2021;40:29-41. DOI:
10.23736/S0392-9590.20.04518-6)
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A

therothrombosis is a leading cause of morbidity and
mortality.1 The frequent co-existence of atherothrombotic disease in different vascular beds is well established.2
Therefore, atherosclerosis is a systemic disease and by the
definition, polyvascular disease (PVD) indicates the simultaneous presence of clinically relevant atherosclerotic lesions in at least two major vascular territories: coronary artery disease (CAD), cerebrovascular disease (CVD), peripheral arterial disease (PAD) and renal artery disease.3 In the
CAPRIE study, atherosclerotic vascular disease in at least
two vascular beds was found in a quarter of patients with atherosclerotic vascular disease.4, 5 The CRUSADE Registry
found that 13% patients with acute coronary syndromes had
PVD.6 Major cardiovascular event rates are approximately
doubled in patients with PVD compared with patients with a
single symptomatic arterial bed, and the event rate increases
proportionally to the number of symptomatic atherosclerotic
vascular beds.7, 8 Coronary patients with atherosclerotic involvement of all three major arterial beds have worse shortterm and intermediate-term outcomes compared with dual
vascular bed involvement, whereas those with coronary bed
involvement alone have the lowest risk.8 The probability for
PVD is greater in patients with PAD than in patients with
CAD because PAD indicates an extensive and severe degree
of systemic atherosclerosis and carries the worst prognosis.9
Predictors of PVD are: age over 70 years, renal failure,
male sex and increased Body Mass Index.10 The coexistence of PAD and CAD is probably more frequent than
it is recognized, because PAD is often asymptomatic or
masked by symptoms of angina or dyspnea in patients
with concomitant CAD.11
Despite the severity of PVD and its grave prognosis, the
data on management of this entity are scanty. Therefore,
the aim of this review was to increase the awareness of this
neglected clinical entity.
Relationship between peripheral
arterial and coronary artery disease
As with other manifestations of atherosclerosis, PAD which
is defined as occlusive disease of arteries distal to the aortic
bifurcation, usually presents after the age of 50 years, with
an exponential increase after the age of 65 years.12, 13 The
prevalence of PAD reaches approximately 20% by the age
of 80 years.12, 14 In high-income countries, symptomatic
PAD is somewhat more frequent in men, although the difference practically disappears in the elderly.12, 13 In low- and
middle-income countries, the prevalence of PAD is higher
in women than in men, especially at younger ages: 6.3%
(95% confidence interval [CI]: 4.9-8.1%) vs. 2.9% (CI:
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2.0-4.1%).13 The prevalence of asymptomatic PAD is much
higher than that of symptomatic disease, and the prevalence
of PAD is somewhat dependent on the diagnostic methods
used. Preclinical and clinical PAD are most commonly diagnosed by reduced ankle brachial index (ABI<0.9). PAD
is common in patients with CAD, with a prevalence of 2242%.15, 16 In the study of Poredoš and Jug, a total of 42%
of patients with CAD had PAD.15 Also, asymptomatic PAD
was strongly associated with CAD, even after adjustment
for age, gender and other risk factors. In patients with CAD
and associated PAD, the superficial femoral artery was
most frequently affected.17 The CAPRIE Study demonstrated that approximately 41% of patients with PAD had
concurrent coronary artery or cerebrovascular disease and
8.6% had disease in all three vascular beds.4, 18 Similarly,
the Trans-Atlantic Consensus Document collected data
from all the available studies and concluded that almost
60% patients with PAD have significant CAD or CVD,
while about 40% of patients with CAD also have PAD.14, 19
Patients with acute coronary syndrome and concomitant PAD have more extensive coronary artery disease and
poorer outcomes. In a study involving geriatric patients,
CAD was present in more than 2/3 of patients who had
PAD.20 In an acute coronary syndrome registry, in-hospital
mortality, acute heart failure and recurrent ischemic events
were up to 5-times higher in patients with PAD.8 Concomitant PAD (clinical or sub-clinical) is also associated with
worse outcome in patients undergoing CABG.21
Morbidity and mortality of patients with PAD is high because of accompanying cardiovascular complications, particularly those related to CAD. Several studies indicated
that decreased ABI is an independent risk factor for cardiovascular adverse events. ABI<0.9 was found to be associated with 2.4-times higher total mortality than normal ABI
in diabetics.22 Even a slightly reduced ABI implied a grave
prognosis.22 Similarly, in the Cardiovascular Health Study,
subclinical PAD detected by reduced ABI involved a greater
risk of developing cardiovascular complications than absence of PAD with normal values of ABI.23 Further, reduced
ABI combined with the Framingham Risk Score improves
the accuracy of cardio-vascular risk prediction.24 On the
other hand, elevated ABI>1.40, indicating non-compressible
calf arteries, is also associated with coronary and cerebralvascular disease.24, 25
It is unknown whether in PAD the increased risk of cardiovascular events is associated with common risk factors such
as hypertension or dyslipidemia, or with more specific factors such as lack of physical activity, cardiac insufficiency,
impaired endothelial function and systemic inflammation.26
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Relationship between peripheral arterial
disease and carotid atherosclerosis
Similarly, as PAD and CAD, PAD and CVD are closely
interrelated. Already a borderline decrease of ABI has a
strong predictive value for CVD, and the risk of cardiovascular events and mortality increases with the severity
of PAD.27, 28 The SMART (second manifestation of arterial disease) study showed that in patients with PAD, carotid stenosis was present in 14% overall, while in patients
who had additional risk factors the prevalence of carotid
stenosis increased to as much as 50%.29 In the LimburgPAOD study, the prevalence of CVD in asymptomatic
PAD patients was even 2-times higher than in symptomatic PAD patients.30 Studies also showed an interrelationship between preclinical PAD and intima-media thickness
(IMT). Individuals with decreased ABI had significantly
thicker carotid IMT and were twice as likely to have preclinical carotid plaques than patients with normal ABI.27
The Rotterdam Study showed significant inverse association between common carotid artery IMT and ABI.31 An
increase of IMT for 0.1 mm was associated with reduction
of ABI by 0.26.31 The prevalence of symptomatic or asymptomatic PAD was strongly increased among subjects
with IMT>0.89 mm.31 Concomitant carotid and lower
limb extremity atherosclerosis significantly increases the
risk for cardio-cerebrovascular events.32
Coronary and carotid arterial disease
Preclinical carotid lesions (increased intima-media thickness and asymptomatic atherosclerotic plaques) or symptomatic plaques are associated with the presence of CAD.33
Several studies indicated a close relationship between
CAD and CVD. In 315 patients with previous myocardial
infarction or symptomatic angina, who were asymptomatic for claudication and cerebral ischemic disease, the
prevalence of carotid or peripheral artery atherosclerosis
(stenosis >30% in carotid or peripheral arteries) was 23%
in all patients and 32% in patients with triple coronary disease >50%.33 Increased number of affected coronary vessels was associated with a higher prevalence of carotid and
peripheral asymptomatic plaques.34
Preclinical carotid atherosclerosis is a strong marker
of cardiovascular events. In subjects with predicted total
cardiovascular risk <20%, the prevalence of events was
8% with normal carotid ultrasound findings, 13% with increased IMT and 15% in patients with carotid atherosclerotic plaques. Therefore, the identification of preclinical
atherosclerosis of carotid arteries should be considered a
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strong predictor of future cardiovascular events.35 In a study
of 558 asymptomatic patients, risk factors for atherosclerosis were assessed and the 10-year-risk was calculated. Doppler ultrasound of carotid arteries identified the presence of
IMT greater than 0.9 mm in 183 patients (33%) and carotid
plaques in 147 patients (26%). In multivariate analysis the
incidence of cardiovascular events was significantly influenced by the presence of asymptomatic carotid lesions.36
Similar results were shown in a more recent study in which
the algorithm of risk of Framingham, Euroscore and of the
Italian Progetto Cuore and the impact of baseline asymptomatic carotid plaque on future cardiovascular events in
a ten years follow-up was compared.37 In a population of
529 asymptomatic patients, divided into two groups, with
and without metabolic syndrome and with a follow-up of
20 years there were 242 cardiovascular events: 144 among
patients with metabolic syndrome and 98 among healthy
controls (59.5% vs. 40.5%; P<0.0001).38 Patients without
atherosclerotic lesions of the carotid arteries had significantly less events than patients with preclinical atherosclerosis (26.1% vs. 73.9%; P<0.0001). Therefore, already
preclinical carotid atherosclerosis leads to an increased risk
of cardiovascular events, especially if it is associated with
metabolic syndrome.38, 39 Similarly, in a recent study including 1007 patients who underwent coronary angiography and ultrasound examination of carotid arteries, a close
association between carotid and coronary atherosclerosis
was demonstrated.40 In a study of preclinical carotid atherosclerosis and cardiovascular events, 668 subjects were
divided in 3 groups according to the results of carotid examination: normal IMT (<0.9 mm), IMT between 0.9 and
1.5 mm, and patients with asymptomatic carotid plaques.41
Total ischemic cardiovascular events were 9%, 19.5% and
30%, respectively.41 Events occurred mainly in the coronary arteries, followed by the cerebral and the peripheral
arteries of the lower limbs. The results show that carotid
atherosclerosis is a predictor of multifocal disease.41
Multifocal atherosclerosis and cardiovascular
or cerebrovascular morbidity and mortality
Numerous studies indicated high morbidity and mortality
of patients with PVD, which are significantly higher than
in single territory vascular disease. Multivariate analysis showed that besides classical risk factors, multifocal
atherosclerosis was independently associated with fatal
and non-fatal events in patients with ischemic heart disease.42, 43 In accordance with this, a reduction of ABI influences the incidence of cerebrovascular and cardiovascular
events and deaths.44 In a sub-analysis of the HOPE study,
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a progressive increase of all cardiovascular events was
related to a decrease of ABI during the follow-up of 4.5
years.45 In the Get-ABI study, 6880 patients were evaluated for ABI and followed-up for 5 years. At the end of the
follow-up, the incidence of all-cause mortality was 24.1%
in patients with symptomatic PAD, 19.2% in asymptomatic patients with ABI<0.90, and 9.5% in controls.46
A multicenter, cross-sectional database of patients
with myocardial infarction throughout France (The Alliance project) included 9783 patients hospitalized for
acute coronary syndrome.47 Mortality of patients with
PVD (CAD and/or PAD) was consistently higher than in
those with CAD alone, regardless of age. Both PAD and
CVD were independent predictors of hospital mortality
in comparison to patients with CAD alone. A substantial
number among patients with acute coronary syndrome
had PVD and were at increased risk of death, yet they
were managed less aggressively than patients with CAD
alone.47 In another study of patients with acute coronary
syndrome, PVD was associated with worse in-hospital
outcomes and all-cause mortality, even after adjusting for
baseline covariates.48 The EUCLID (examining use of ticagrelor in PAD) trial enrolled 13,885 patients with PAD
alone, PAD and CAD, PAD and CAD and CVD.49 The
study demonstrated an increased composite endpoint of
cardiovascular deaths, myocardial infarction or ischemic
stroke with multiple vascular bed involvement.49 In the
CRUSADE registry (can rapid risk stratification of unstable angina patients suppress adverse outcomes with early
implementation of the ACC/AHA guidelines) cardiovascular outcomes in older patients with non ST-segment elevation myocardial infarction were studied in relation to
PVD.8, 50 34,205 patients with CAD were classified into
4 groups according the presence of concomitant atherosclerotic disease.8, 50 Compared with CAD alone, patients
with PVD had greater morbidities and the 3-year mortality increased with the number of affected arterial beds.8, 50
The risk of long-term composite ischemic events was the
highest among patients with symptomatic involvement of
all three vascular beds.8, 50 In the study of Zhang et al.,
which included 5440 participants with asymptomatic intra- or extracranial and renal arterial stenosis, the adjusted
hazard ratio for death increased from 1.53 with single artery involvement to 2.22 with preclinical PVD.51 Results
of all these studies indicate that atherosclerosis is often
multifocal and that coronary arteries are most frequently
involved, followed by the carotid arteries and then the peripheral circulation. The more vascular beds are involved,
the worse is the outcome of patients.
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Diagnostic approach to patients
with suspected polyvascular
atherosclerotic disease
Screening for polyvascular disease in asymptomatic
patients

There are two reasons, why screening for asymptomatic
PVD has attracted a lot of attention. Firstly, the majority
of coronary events occur in patients without previously
known CAD,52 and secondly, patients with more than one
vascular bed affected by atherosclerotic disease have significantly increased risk of major cardiovascular events
and worse outcomes regardless of the presentation site.12, 51
Computed tomography for coronary calcium scoring and
myocardial perfusion scintigraphy are useful in identifying, among apparently intermediate-risk subjects, those
who have a high probability for developing future cardiac events.52 Several other tests and conditions have been
shown to predict cardiovascular morbidity and mortality
beyond classical risk factors and prediction models: arterial stiffness, wave reflections indices, pulse wave velocity, central blood pressure, ankle-brachial index, carotid
intima-media thickness, as well as vasculogenic erectile
dysfunction.53 There is a general consensus that patients
at high risk and very high risk for cardiovascular disease
should receive comprehensive prevention, including lifestyle counselling and preventive medication.54 However,
there is no proof that identification of asymptomatic atherosclerosis and multi-site atherosclerotic disease improves clinical outcomes in patients who are already in
prevention programs.12, 52
Screening for polyvascular disease in symptomatic patients

Patients with symptomatic PVD, i.e. clinically relevant
atherosclerotic lesions in at least two major vascular territories, who develop worsening symptoms in either vascular bed, have worse clinical outcomes than patients with
single-site atherosclerotic disease.12 However, in patients
with one symptomatic vascular bed, screening for atherosclerotic disease in other vascular beds with the intention
of intensifying medical treatment and possibly offering
revascularization, has so far not been proven beneficial.12
In the only randomized clinical trial conducted so far, systematic screening for multisite atherosclerotic disease in
patients with high-risk coronary disease did not improve
outcomes.55 Proactive strategy combining ankle-brachial
index determination, carotid ultrasound, lower extremity
artery and renal artery duplex ultrasound identified mul-
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tisite atherosclerotic disease in 21.7% of patients, but revascularization of non-coronary arteries was performed in
only 3.6% of patients.55 After 2 years, the primary endpoint of ischemic event leading to re-hospitalization, any
organ failure or death occurred in 44.9% of patients in the
pro-active group and 43.0% of patients in the conventional
treatment group (hazard ratio [HR] 1.03; 95% confidence
interval (CI): 0.80 to 1.34).55
In the real world, there is no danger of over-diagnosing
and over-treating patients with symptomatic multisite atherosclerotic disease, but quite the contrary. Among 44157
patients entered into the Swiss prospective acute coronary
syndrome registry between the years 1999-2016, multisite atherosclerotic disease was identified in 4544 patients
and those patients were significantly less likely to receive
coronary angiography and PCI than patients with coronary
artery disease only.56
Patients presenting with lower extremity artery disease

The management of coronary artery disease in patients requiring vascular surgery PAD should be based on the 2014
ESC/ESA guidelines on non-cardiac surgery.57 Patients
with PAD requiring vascular surgery should be clinically
assessed for ischemic heart disease if more than two clinical risk factors are present among the following: angina
pectoris/previous myocardial infarction, heart failure, previous stroke /transient ischemic attack, renal dysfunction
with creatinine clearance <60 mL/min, or diabetes mellitus requiring insulin therapy.57 Those patients should be
considered for preoperative nuclear medicine stress testing
or coronary imaging.57 However, prophylactic coronary
revascularization before vascular surgery on arteries of the
lower limbs or abdominal aorta did not improve clinical
outcomes.58
Due to the high prevalence of carotid disease in patients
with PAD, preoperative carotid artery duplex ultrasound
may be considered in patients undergoing vascular surgery.57
For patients with symptomatic PAD who do not require
revascularization, recommended optimal medical treatment
and lifestyle measures are very similar to those of patients
with stable coronary artery disease, i.e. chronic coronary
syndrome.54, 59 There is no evidence that the presence of
coronary artery disease directly influences limb outcomes,
but mortality remains higher in patients with concomitant
symptomatic PAD and coronary artery disease.12
Optimal medical treatment is also vital for PAD patients
after revascularization since they are at increased risk for
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repeated major adverse limb events in the early period
after revascularization and at steadily increased risk for
coronary events.60
Patients presenting with coronary artery disease

In patients with coronary artery disease, screening for PAD
by ABI determination may be considered for risk stratification.12 In patients with coronary artery disease and concomitant PAD, radial artery access is recommended as the
first option for coronary angiography/intervention.12
In patients scheduled for coronary artery bypass grafting, screening for PAD should be considered with the intention of sparing the autologous great saphenous vein for
potential future use in surgical peripheral revascularization.12
Screening for carotid disease by duplex ultrasound in
patients scheduled for coronary artery bypass grafting is
recommended in subjects with a recent (within 6 months)
history of transient ischemic attack or stroke, and may be
considered also in patients older than 70 years, those with
multivessel coronary artery disease, concomitant PAD or
a carotid bruit.12
Patients presenting with carotid artery disease

Due to the high prevalence of high-grade coronary artery
stenosis among patients scheduled for elective carotid endarterectomy, preoperative coronary artery disease screening, including coronary angiography, may be considered.12
Risk factors management in PVD: present
reality and how aggressive should it be?
Cardiovascular risk factors contribute to the development
of multifocal atherosclerotic disease in different arterial
territories, although to a different extent.61 Several studies
have shown that patients with PAD patients with PVD receive less aggressive therapy and risk factor modification
than patients with CAD alone in spite of their worse prognosis.62 Evidenced-based treatment was less frequently
used in patients with combined acute coronary syndrome
and PAD than in patients with CAD alone.56
Contemporary guidelines on prevention and management of atherosclerotic disease agree on the basic life-style
recommendations and principles of pharmacological treatment.12, 54, 63, 64
Smoking cessation is recommended to all smokers and
patients with atherosclerosis should avoid passive smoking.12, 54, 63, 64
Healthy diet and physical activity are recommended.
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Patients with PAD and symptoms of intermittent claudication benefit from exercise therapy, usually performed
as walking in intervals.12 In patients with chronic limb
threatening ischemia revascularization and healing of
ulcers must be achieved before exercise therapy may be
advised.12
Lipid-lowering with statins is recommended to all patients with atherosclerosis unless there is a clear contraindication. The ESC guidelines on prevention of cardiovascular disease in clinical practice, the ESVM guidelines on
conservative treatment of PAD and the ESVS guidelines
on management of atherosclerotic carotid and vertebral
disease recommend reducing LDL-cholesterol to <1.8
mmol/L (70 mg/dL) or decreasing it by ≥50% if baseline
values are 1.8-3.5 mmol/L (70-135 mg/dL).54, 63, 64 The
2019 ESC guidelines for the management of dyslipidemia
go even further with the goal of LDL reduction in patients
with atherosclerotic disease by >50% and an LDL cholesterol level of <1.4 mmol/L (<55 mg/dL).65 For patients
with atherosclerotic vascular disease who experience a
second vascular event within 2 years, not necessarily of
the same type as the first event, while taking maximally
tolerated statin-based therapy, an LDL cholesterol goal
of <1.0 mmol/L (<40 mg/dL) may be considered.65 If the
LDL cholesterol goal is not achieved with the maximum
tolerated dose of a statin, combination with ezetimibe is
recommended.65 As the next step, in patients with atherosclerotic vascular disease who do not reach the LDL cholesterol goal with statin and ezetimibe, a PCSK9 inhibitor
is recommended.66 In the FOURIER trial, the anti-PCSK9
monoclonal antibody evolucumab reduced cardiovascular events in patients with atherosclerotic cardiovascular disease by about 15% after three years of treatment66
and the benefit of patients with peripheral arterial disease
was even greater: an about 20% reduction of composite
events and a significant reduction in adverse limb events –
acute limb ischemia, major amputation, or urgent peripheral revascularization.67 Similarly, alirocumab resulted in
greater absolute risk reduction in patients with PVD than
in patients with isolated CAD.68 Patients with cardiovascular disease and mild to moderate hypertriglyceridemia
benefit from eicosapentaenoic acid, a long chain omega3-polyunsaturated fatty acid, 2 g b.i.d. on top of statin
treatment, by an about 25% reduction of cardiovascular
death, nonfatal myocardial infarction, or nonfatal stroke.69
In patients with atherosclerotic disease it is recommended to control blood pressure reduce to cardiovascular risk.12, 54, 63, 64 The first objective is to lower office
blood pressure to <140/90 mmHg in all patients, and
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if treatment is well tolerated, the goal should be set to
130/80 mmHg, but never lower than 120 mmHg of systolic pressure.70 A target blood pressure of just below
130/80 mmHg seems safe in patients with coronary artery disease.70 Angioplasty-converting enzyme inhibitors
or angiotensin receptor blockers should be considered as
first-line therapy in patients with PAD.63, 70 In patients
with tight carotid stenosis, especially bilateral, a cautious
and pragmatic approach to treating arterial hypertension
is recommended.70
In diabetic patients, strict glycemic control is recommended with a target glycated hemoglobin (HbA1c) <7%
(<53 mmol/L) with the goal of decreasing microvascular and macrovascular complications, although the data
on reducing macrovascular complications by glycemic
control is less compelling.71 Two classes of newer glucose-lowering drugs have shown promise in reducing
major adverse cardiovascular events: glucagon-like peptide-1 (GLP1) receptor agonists and sodium-glucose cotransporter 2 (SGLT2) inhibitors.71 The GLP1 receptor
agonists liraglutide, semaglutide and to a lesser extent
exenatide reduce the risk of major adverse cardiovascular events, overall, by about 12%.71 The SGLT2 inhibitors
empagliflozin, canagliflozin, and to a lesser extent dapagliflozin reduce major adverse cardiovascular events by
about 14%, mainly related to a strong reduction in heart
failure-related events.71 In retrospective subgroup analyses, empagliflozin reduced the incidence of amputations
in patients with PAD, while canagliflozin increased the
rate of minor amputations and is therefore not recommended in diabetic patients with PAD.63
Antiplatelet therapy is recommended to all patients
with symptomatic atherosclerotic disease, as it has been
shown to reduce the combined outcome of acute myocardial infarction, stroke or vascular death by about 2025%.72 Low-dose aspirin is the most often prescribed antiplatelet drug.72 Clopidogrel was slightly more effective
than aspirin in patients with atherosclerotic cardiovascular disease, mainly due to its effectiveness in patients with
peripheral arterial disease.4
In a sub-analysis of the CHARISMA trial, the combination of aspirin and clopidogrel was more effective than
aspirin alone in preventing stroke, myocardial infarction
or cardiovascular death among patents with prior cardiovascular disease, but at the cost of increased major bleeding and fatal bleeding.73 In the population of patients with
prior myocardial infarction, prolonged administration of
ticagrelor 60 mg b.i.d. or 90 mg b.i.d. plus aspirin was
more effective than aspirin alone in preventing major car-
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diovascular adverse events, but again at the cost of increased major bleeding.74 Similarly, the combination of
aspirin and ticagrelor has been more effective then aspirin
alone in preventing recurrent ischemic stroke in conservatively treated patients but caused more bleeding.75
Due to the crosstalk between the pathways of platelet
aggregation and fibrin formation, the concept of combined
antiplatelet and anticoagulant treatment has been introduced for prevention of atherothrombotic events. In the
APPRAISE-2 trial the addition of apixaban to antiplatelet
treatment did not affect the primary outcome of cardiovascular death, but significantly increased major bleeding.76 In this trial, apixaban was used in the same dose to
treat patients with venous thrombosis (5 mg b.i.d.).76 In
the ATLAS-ACS 2-TIMI 51 trial, low doses of rivaroxaban (2.5 or 5 mg b.i.d.) were used. The 2.5 mg b.i.d. significantly reduced cardiovascular deaths compared with
standard antiplatelet therapy alone, whereas the higher
dose intriguingly did not have this effect.77 In the COMPASS trial, patients with stable atherosclerotic vascular
disease were randomized regarding antithrombotic treatment to receive rivaroxaban 2.5 mg b.i.d. plus aspirin 100
mg once daily, rivaroxaban alone 5 mg b.i.d., or aspirin
alone 100 mg once daily.78 The superiority of rivaroxaban
plus aspirin was demonstrated in comparison to aspirin
after a median follow-up of only 23 months with a 24%
reduction of cardiovascular death, stroke, or myocardial
infarction.78 More major bleeding events occurred in the
rivaroxaban-plus-aspirin group, but there was no significant difference in intracranial or fatal bleeding.78 Among
the 27,395 enrolled patients in the COMPASS study,
there were 7470 patients with PADs, i.e. 4129 patients
with symptomatic lower extremity artery disease, 1422
patients with coronary disease and Ankle-Bronchial Index <0.90, and 1919 patients with >50% carotid artery
stenosis or prior carotid revascularization.79 In the PADs
subgroup, rivaroxaban-plus-aspirin in comparison to aspirin alone reduced the HR for the primary outcome to
0.72 (CI: 0.57-0.90), P=0.005, reduced the HR for major
adverse limb events to 0.54 (CI: 0.35-0.84), P=0.005, and
reduced the HR for major amputation to 0.30 (CI: 0.110.80), P=0.01. Major bleeding was increased, but not fatal
or intracranial bleeding, so there was a net clinical benefit
with a combined HR of an adverse event in comparison to
aspirin alone of 0.72 (CI: 0.59-0.87), P=0.0008.79 According to the ESVM guidelines on management of PAD, aspirin in combination with low-dose rivaroxaban should be
considered in PAD patients without a high risk of bleeding or other contraindications.63 In patients with chronic
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coronary syndromes, adding a second antithrombotic
drug to aspirin for long-term secondary prevention should
be considered if there is no elevated bleeding risk, but
there is a high risk of ischemic events: diffuse multivessel
CAD with at least one of the following: diabetes mellitus requiring medication, recurrent myocardial infarction,
PAD, or chronic kidney disease with estimated glomerular filtration rate 15- 59 mL/min/1.73 m2.59 Adding clopidogrel 75 mg/d, ticagrelor 60 mg b.i.d. or rivaroxaban 2.5
mg b.i.d. are the most widely used options in patients with
chronic coronary syndromes.59 In patients with diabetes
mellitus and chronic symptomatic PAD without high
bleeding risk, a combination of low-dose rivaroxaban and
aspirin should be considered.71
Recently, the combination of low-dose rivaroxaban and
aspirin has been shown superior to aspirin alone after infrainguinal percutaneous or surgical revascularization for
disabling claudication.80
Proof of concept that anti-inflammatory drugs benefit
patients with previous myocardial infarction, some of
them with PVD, has been demonstrated for the first time
with canakinumab, an interleukin-1β-inhibiting monoclonal antibody.81 Canakinumab led to an about 15% lower
rate nonfatal myocardial infarction, nonfatal stroke, or
cardiovascular death after 4 years of follow-up.81 There
were more cases of sepsis with canakinumab than with
placebo, but cancer mortality was significantly lower with
canakinumab.81 Canakinumab is not registered for clinical use in atherosclerotic CVD. Among patients with a
recent myocardial infarction, colchicine 0.5 mg daily on
top of standard treatment led to an about 23% reduction
of death from cardiovascular causes, resuscitated cardiac
arrest, myocardial infarction, stroke, or urgent hospitalization for angina leading to coronary revascularization.82
Colchicine is also not registered for clinical use in atherosclerotic CVD.
Evidence-based management of patients with PAD,
many of whom had polyvascular atherosclerotic disease,
brings good results even without the latest additions of
PCSK9-inhibitors and dual low-dose antithrombotic treatment. Canadian authors compared propensity-matched
patients with PAD undergoing systematic assessment of
vascular risk with patients undergoing usual care.83 Systematic attention to antiplatelet agents, statins, angiotensin-converting enzyme inhibitors, blood pressure control,
lipid control, diabetic glycemic control, smoking cessation
and target Body Mass Index resulted after 7-year follow-up
in a significantly lower HR of 0.63 for the composite primary outcome of death, myocardial infarction or ischemic
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stroke.83 Also, the systematically treated patients were less
likely to undergo major amputation of the lower limb, minor
amputation, peripheral bypass surgery, or hospitalization
due to heart failure.83 Austrian authors have demonstrated
the benefits of meticulous tertiary-centre care for patients
with PAD, who had a more than 90% 5-year survival in
comparison to 66% 5-year survival of the usual-care group
with similar baseline characteristics.84 Slovenian authors
have studied the fate of patients with moderate PAD, 24%
of whom had coronary disease and 16% had carotid disease or a history of stroke, receiving meticulous secondary
prevention in primary care settings.85 The overall mortality
was 15% after 5 years, but cardiovascular events were no
longer the leading cause of death.85
Priorities in revascularization
of polyvascular atherosclerotic disease
Lower extremity artery revascularization in polyvascular patients

Patients with PVD, who have claudication symptoms, are
usually managed conservatively due to their high periprocedural risk.11 With chronic limb-threatening ischemia,
revascularization becomes necessary, but is often problematic, since a severely threatened limb often coexists
with high complexity of anatomical vascular lesions and
high peri-procedural risk.12, 86
For aortoiliac lesions not extending to the common
femoral artery, endovascular treatment may be best suited for patients with high surgical risk, whereas fitter patients with occlusion of the aortic bifurcation may be best
served by open aorto-bi-iliac bypass.12 When the common
femoral artery is affected in addition to the aortoiliac segment, hybrid procedures – combining thromboendarterectomy of the common femoral artery and endovascular
revascularization of the iliac arteries and possibly of the
aortic bifurcation – are suitable for high-risk patients with
chronic limb-threatening ischemia.12, 87
For infrainguinal limb-threatening ischemia, manifested by rest pain, ulceration or gangrene, the BASIL trial
reported no differences in amputation-free survival and
overall survival between endovascular-first or bypasssurgery-first revascularization strategies.88 Extensive research of the literature performed by the writing group of
the 2019 global vascular guidelines on the management
of chronic limb-threatening ischemia reached similar
conclusions.86 Mortality, amputation, and amputationfree survival rates were similar at 1 year in patients with
infrainguinal chronic limb-threatening ischemia regard-
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less whether they were revascularized by endovascular
procedures or by bypass surgery.86 However, beyond 1
year there was improved patency for bypasses using autologous vein compared with endovascular interventions
or prosthetic bypass grafts.86 Evidence-based recommendations on revascularization thus favor vein bypass
for average-risk patients with advanced threat to the limb
and high complexity disease, while for patients with less
complex lesion anatomy, intermediate severity of limb
threat, or high operating risk, endovascular intervention
is preferred.86 To further clarify the dilemma between endovascular-first and bypass surgery-first revascularization
strategies in the modern setting, the results of two ongoing randomized clinical trials, BASIL-2 and BESTCLI,
are awaited.89, 90
When the common femoral artery is involved together
with the femoropopliteal segment, hybrid treatment is an
option for high-risk patients.12, 86, 87
In below-the-knee arterial disease with limb-threatening ischemia, drug-eluting balloons have not shown superiority over plain balloon angioplasty regarding all-cause
mortality, major amputation, and repeated revascularization at 1 and 5 years,91, 92 but there was also no signal of
increased all-cause mortality with use of paclitaxel.92
Whenever possible, multidisciplinary vascular teams
should make decisions on revascularization strategies
in patients with peripheral arterial disease.12 All patients
with chronic limb threatening ischemia should receive
best medical therapy including antithrombotic, lipid-lowering, antihypertensive, and in case of diabetes glycemic
control medication, as well as counseling on smoking cessation, diet, exercise, and preventive foot care.12, 86 Following revascularization, long-term limb surveillance is
advised.12, 86
Coronary revascularization in patients with PAD

In patients with symptomatic PAD and symptomatic
CAD, coronary revascularization takes priority, except in
limb threatening ischemia.12
In a study that validated anatomical and clinical characteristics of patients with CAD in order to guide the decision between coronary artery bypass grafting (CABG)
and percutaneous coronary intervention (PCI), the presence of PAD worsened the outcomes of CABG and PCI
to an equal degree.93 Among propensity-matched patients
with multi-vessel coronary artery disease, mortality was
lower with CABG than with PCI, and this effect was intensified by the presence of PAD.94 According to the 2017
ESC guidelines on peripheral arterial disease, it remains
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controversial, whether PCI or CABG should be favored to
treat coronary artery disease in patients with PAD.12
In patients with PAD and symptomatic coronary artery
disease, radial artery access is preferred for percutaneous coronary intervention.12 If femoral access is needed,
preinterventional assessment of the iliac and common
femoral arteries is recommended to minimize the risk of
ischemia due to embolization.12 The presence of PAD is
a risk factor for femoral vascular access complications of
coronary procedures, regardless whether arterial closure
devices or manual compression are used.95
In patients with advanced PAD, who are scheduled for
coronary artery bypass grafting, the great saphenous vein
should be spared whenever possible for later peripheral
vascular revascularization.12, 96Also, wound healing may
be delayed after saphenous vein harvesting in patients with
advanced PAD.12

The issue, whether CABG and carotid thromboendarterectomy should be performed synchronously or by staged
approach has not been completely resolved, since a metaanalysis of observational studies suggested comparable
outcomes of the synchronous and staged approach.97 A
randomized study comparing simultaneous carotid thromboendarterectomy – of high grade (≥80%) asymptomatic
carotid stenosis – and CABG with isolated CABG found
no significant differences between the two approaches.98
However, there were only 129 patients randomized, and
the rate of stroke and death was twice as high with the
simultaneous approach as with isolated CABG (12/65 vs.
6/62 patients, P=0.12), casting doubt on the merit of revascularizing asymptomatic carotid stenosis in the context
of CABG.98

Carotid revascularization in patients with coronary artery disease

In conclusion, atherosclerosis is a systemic disease affecting multiple vascular beds. There is a close relationship between CAD, PAD and CVD. The presence of more
than one concurrently affected vascular bed has a huge
negative impact on cardiovascular morbidity and mortality. Particularly PAD is an indicator of an advanced
atherosclerotic process and is frequently associated with
preclinical or clinical atherosclerosis in other territories.
Consequently, patients with PAD most frequently die because of accompanied CAD. Cardiovascular risk factors
contribute to the development of multifocal atherosclerotic disease in different arterial territories. All too often,
patients with PAD and PVD receive less aggressive secondary prevention therapy and risk factor modification
than patients with CAD alone, although the benefits of
guideline-based treatment have been proven. However,
there is currently no proof that identification of asymptomatic atherosclerosis and multi-site atherosclerotic
disease improves clinical outcomes in patients who are
already in prevention programs. Revascularization should
be performed only in symptomatic vascular beds, using
the least aggressive methods according to consensual decisions of multidisciplinary vascular teams.

In patients with carotid disease and symptomatic coronary artery disease, revascularization priority should be
assigned according to the patient’s clinical status and to
the severity of carotid and coronary disease.12 Carotid revascularization should be performed first only in patients
with a recent history of stroke or transient ischemic attack, while asymptomatic carotid stenosis should be treated following coronary revascularization.12
In patients with carotid disease, who are scheduled for
CABG, the indication, method and timing of carotid revascularization should be individualized after discussion
with a multidisciplinary team, including a neurologist.12 In
patients with a symptomatic carotid stenosis, i.e. transient
ischemic attack or stroke within the last 6 months, carotid
revascularization should be considered in patients with
50-99% carotid stenosis, with carotid thromboendarterectomy as the first choice.12 Prophylactic carotid revascularization is not recommended in asymptomatic unilateral
carotid stenosis but may be considered in bilateral 70-99%
stenosis or unilateral 70-99% stenosis with contra lateral
occlusion.12 In asymptomatic unilateral 70-99% stenosis,
revascularization may be considered in the presence of one
or more characteristics that increase the risk of ipsilateral
stroke: ipsilateral silent infarctions, stenosis progression,
spontaneous embolization on transcranial Doppler, impaired cerebral vascular reserve, large plaques, echo-lucent plaques on ultrasound, increased juxta-luminal echolucent area on ultrasound, intra-plaque hemorrhage or
lipid rich necrotic core on magnetic resonance imaging.12
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