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1. Preamble
Guidelines evaluate and summarize available evidence with the aim of as
sisting health professionals in proposing the best diagnostic or therapeutic 
approach for an individual patient with a given condition. Guidelines are 
intended for use by health professionals and the European Society of 
Cardiology (ESC) makes its guidelines freely available.

ESC Guidelines do not override the individual responsibility of health 
professionals to make appropriate and accurate decisions in consider
ation of each patient’s health condition and in consultation with that pa
tient or the patient’s caregiver where appropriate and/or necessary. It is 
also the health professional’s responsibility to verify the rules and reg
ulations applicable in each country to drugs and devices at the time of 
prescription and to respect the ethical rules of their profession.

ESC Guidelines represent the official position of the ESC on a given 
topic and are regularly updated when warranted by new evidence. ESC 
Policies and Procedures for formulating and issuing ESC Guidelines can 
be found on the ESC website (https://www.escardio.org/Guidelines/ 
Clinical-Practice-Guidelines/Guidelines-development/Writing-ESC- 
Guidelines). This guideline updates and replaces the previous periph
eral arterial disease and aortic disease guidelines from 2017 and 
2014, respectively.

The Members of this task force were selected by the ESC to include 
professionals involved with the medical care of patients with this path
ology as well as patient representatives and methodologists. The selec
tion procedure included an open call for authors and aimed to include 
members from across the whole of the ESC region and from relevant 
ESC Subspecialty Communities. Consideration was given to diversity 
and inclusion, notably with respect to gender and country of origin. 

The task force performed a critical review and evaluation of the pub
lished literature on diagnostic and therapeutic approaches including as
sessment of the risk–benefit ratio. The strength of every 
recommendation and the level of evidence supporting them were 
weighed and scored according to pre-defined scales as outlined in 
Tables 1 and 2 below. Patient-reported outcome measures (PROMs) 
and patient-reported experience measures (PREMs) were also evalu
ated as the basis for recommendations and/or discussion in these 
guidelines. The task force followed ESC voting procedures and all ap
proved recommendations were subject to a vote and achieved at least 
75% agreement among voting members. Members of the task force 
with declared interests on specific topics were asked to abstain from 
voting on related recommendations.

The experts of the writing and reviewing panels provided declaration 
of interest forms for all relationships that might be perceived as real or 
potential sources of conflicts of interest. Their declarations of interest 
were reviewed according to the ESC declaration of interest rules which 
can be found on the ESC website (http://www.escardio.org/guidelines) 
and have been compiled in a report published in a supplementary docu
ment with the guidelines. Funding for the development of ESC 
Guidelines is derived entirely from the ESC with no involvement of 
the healthcare industry.

The ESC Clinical Practice Guidelines (CPG) Committee supervises 
and co-ordinates the preparation of new guidelines and is responsible 
for the approval process. In addition to review by the CPG 
Committee, ESC Guidelines undergo multiple rounds of double-blind 
peer review by external experts, including members from across the 
whole of the ESC region, all National Cardiac Societies of the ESC 
and from relevant ESC Subspecialty Communities. After appropriate 

Table 1 Classes of recommendations

©
ES

C
 2

02
4

C
la

ss
es

 o
f r

ec
om

m
en

da
ti

on
s

Class I Evidence and/or general agreement
that a given treatment or procedure is
beneficial, useful, e�ective. 

Conflicting evidence and/or a divergence of opinion about the usefulness/ 
e�cacy of the given treatment or procedure. 

Is recommended or is indicated

Wording to useDefinition

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

Is not recommended

     Class IIb Usefulness/e�cacy is less well
established by evidence/opinion.

May be considered

    Class IIa Weight of evidence/opinion is in
favour of usefulness/e�cacy. 

Should be considered

Class II 
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revisions, the guidelines are signed off by all the experts in the task 
force. The finalized document is signed off by the CPG Committee 
for publication in the European Heart Journal.

ESC Guidelines are based on analyses of published evidence, chiefly 
on clinical trials and meta-analyses of trials, but potentially including 
other types of studies. Evidence tables summarizing key information 
from relevant studies are generated early in the guideline development 
process to facilitate the formulation of recommendations, to enhance 
comprehension of recommendations after publication, and reinforce 
transparency in the guidelines development process. The tables are 
published in their own section of ESC Guidelines and reference specific 
recommendation tables.

Off-label use of medication may be presented in this guideline if a 
sufficient level of evidence shows that it can be considered medically ap
propriate for a given condition. However, the final decisions concerning 
an individual patient must be made by the responsible health profes
sional giving special consideration to: 

• The specific situation of the patient. Unless otherwise provided for 
by national regulations, off-label use of medication should be limited 
to situations where it is in the patient’s interest with regard to the 
quality, safety, and efficacy of care, and only after the patient has 
been informed and has provided consent.

• Country-specific health regulations, indications by governmental 
drug regulatory agencies, and the ethical rules to which health profes
sionals are subject, where applicable.

2. Introduction
Peripheral arterial and aortic diseases (PAAD) are highly prevalent 
and significantly increase cardiovascular (CV) mortality and 

morbidity in the general population,1,2 consequently, intensive pre
ventive strategies are needed. However, patients with PAAD are 
generally underdiagnosed and undertreated3,4 compared with pa
tients with coronary artery disease (CAD).5 Common risk factors 
in PAAD often coexist, requiring a multidisciplinary approach for ef
fective management.5 Early diagnosis is crucial for better outcomes. 
These guidelines address PAAD, updating and merging the 2017 
peripheral arterial diseases and 2014 aortic diseases guidelines. 
The focus is primarily on atherosclerotic arterial diseases, but 
they also address some non-atherosclerotic genetic conditions. 
While not exhaustive, these 2024 guidelines offer guidance on 
diagnosis, surveillance, and treatment. A number of new and revised 
recommendations are summarized in Tables 3 and 4, respectively. 
Readers should consider non-atherosclerotic conditions and refer 
to specific documents.6–9

A general approach to PAAD is provided in the central illustration 
(Figure 1).

In the management of PAAD, the following aspects must be 
highlighted: 

• Shared decision-making to involve patients, explore 
treatment options, assess patient values, and reach decisions 
collaboratively.

• Multidisciplinary approach (Figure 1) in expert and high-volume 
PAAD centres for complex patients or procedures. These centres 
provide diverse services, including diagnosis, treatment planning, 
minimally invasive procedures, open surgery, post-operative and out
patient care, and ideally, research and innovation. They should provide 
continuous clinical service (24/7) and have access to digital imaging. 
These guidelines recognize variations in healthcare systems, population 
sizes, and needs, impacting the definition of ‘high volume’ in PAAD care 
across countries.

Table 2 Levels of evidence

Level of
evidence A

Level of
evidence B

Level of
evidence C

Data derived from multiple randomized clinical trials
or meta-analyses.

Data derived from a single randomized clinical trial
or large non-randomized studies.

Consensus of opinion of the experts and/or small studies,
retrospective studies, registries.
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Diagnosis

Cardiologist

Angiologist

Vascular
surgeon

Geneticist

Cardiac
surgeon

CV radiologist

CV intensive
care specialist

Neurologist

Anaesthetist

Nurse

Nephrologist

Exercise
therapist

Follow-up

TreatmentPrevention

Goals Initial steps

Clinical assessment
Functional assessment
QoL assessment
Use of non-invasive tools
Imaging, if appropriate

Optimal medical
treatment
Patient education
CVRFs control
Exercise/rehabilitation
programmes
Need for intervention/
surgery?

Regular follow-up
Optimal medical
treatment
CVRFs management
Patient education
Patient’s tailored
targets and goals
Family screening, if
appropriate

Increase awareness
CVRFs management
Screening
Genetic counselling

Prevent development of peripheral and
aortic atherosclerosis
Prevent aortic dilation or lesions
Improve patients’ QoL and functioning
Reduce risk of MACE and MALE
Improve survival
Reduce the risk of hospitalization
Reduce the need for intervention/surgery

Screen patients at risk of PAAD
Enable early access to treatment
Ensure optimal medical treatment

Figure 1 Central illustration: from diagnosis to treatment, a holistic multidisciplinary peripheral arterial and aortic diseases approach. CV, cardiovas
cular; CVRFs, cardiovascular risk factors; MACE, major adverse cardiac event; MALE, major adverse limb event; PAAD, peripheral arterial and aortic 
diseases; QoL, quality of life.
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3. What is new

Table 3 New recommendations

Recommendations Class Level

Recommendations for clinical and laboratory, and for functional quality of life, assessment in patients with peripheral arterial and aortic 
disease

When managing PAAD, it is recommended to adopt a comprehensive approach that addresses the entirety of arterial circulation. I B

Recommendations for peripheral arterial disease screening

In patients with AAA, femoro-popliteal aneurysm screening with DUS should be considered. IIa C

In patients needing intervention with transfemoral access, screening for iliofemoral artery disease may be considered. IIb C

In patients with two or more CVRFs, screening for asymptomatic CS may be considered. IIb C

Recommendations for abdominal aortic aneurysm screening

Opportunistic AAA screening with DUS should be considered in symptomatic/asymptomatic PAD patients. IIa B

Recommendations for lifestyle, physical activity, and patient education

Use of web- or app-based secondary prevention risk calculators should be considered in the shared decision-making to improve patient 
adherence to treatment and lifestyle changes.

IIa C

E-cigarettes may be considered as an aid to quitting tobacco smoking, but it is advisable to limit their use and avoid simultaneous use with 
conventional cigarettes due to unknown long-term effects.

IIb C

Recommendations for lipid-lowering therapy in patients with peripheral arterial and aortic diseases

In patients with atherosclerotic PAAD, lipid-lowering therapy is recommended. I A

An ultimate LDL-C goal of <1.4 mmol/L (55 mg/dL) and a >50% reduction in LDL-C vs. baseline are recommended in patients with 

atherosclerotic PAAD.
I A

If the target LDL-C level is not achieved on maximally tolerated statins and ezetimibe, treatment with a PCSK9 inhibitor is recommended in 

patients with atherosclerotic PAAD, to achieve target values.
I A

If the target LDL-C level is not achieved, a combination of statins and ezetimibe is indicated in patients with atherosclerotic PAAD, to achieve 

the given target values.
I B

For statin-intolerant patients with atherosclerotic PAAD, at high CV risk, who do not achieve their LDL-C goal on ezetimibe, it is 

recommended to add bempedoic acid either alone or in combination with a PCSK9 inhibitor.
I B

Statins for the reduction of growth and rupture of AAA should be considered. IIa B

Statins for the reduction of growth and rupture of TAA may be considered. IIb B

In high-risk patients with PAAD and triglycerides >1.5 mmol/L despite lifestyle measures and statin therapy, icosapent ethyl 2 g b.i.d. may be 
considered in addition to a statin.

IIb B

Fibrates are not recommended for cholesterol lowering. III B

Recommendations for exercise therapy in patients with peripheral arterial disease

In patients with symptomatic PAD, SET is recommended. I A

In those patients undergoing endovascular revascularization, SET is recommended as an adjuvant therapy. I A

When SET is not available or feasible, a structured and monitored (calls, logbooks, connected devices) HBET programme should be 
considered.

IIa A

Walking should be considered as the first-line training modality. When walking exercise is not an option, alternative exercise modes (strength 
training, arm cranking, cycling, and combinations of different training modes) should also be considered.

IIa A

Walking training performed at high intensity (77%–95% of maximal heart rate or 14–17 self-perceived exertion on Borg’s scale) should be 
considered to improve walking performance, and high-intensity exercise training (various aerobic training modes) should be considered to 

improve cardiorespiratory fitness.

IIa A

Training frequency of at least three times per week, training session duration of at least 30 min, and training programme duration of at least 12 

weeks should be considered.
IIa B

In patients with PAD, exercise training to moderate-severe claudication pain may be considered to improve walking performance. However, 

improvements are also achievable with lesser claudication pain severities (low-mild pain or pain-free).
IIb B

Based on patient’s tolerance, a progressive increase (every 1–2 weeks) in exercise training load may be considered. IIb C
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Recommendations for antithrombotic therapy in patients with peripheral arterial disease

Treatment with combination rivaroxaban (2.5 mg b.i.d.) and aspirin (100 mg o.d.) should be considered for patients with PAD and high 
ischaemic risk, and non-high bleeding risk.

IIa A

Treatment with combination rivaroxaban (2.5 mg b.i.d.) and aspirin (100 mg o.d.) should be considered for patients with PAD and non-high 
bleeding risk following lower-limb revascularization.

IIa B

Aspirin (75–100 mg) for primary prevention may be considered in patients with asymptomatic PAD and DM, in the absence of 
contraindications.

IIb A

Recommendations for interventional treatment of asymptomatic and symptomatic peripheral arterial disease (general)

In patients with symptomatic PAD, after a 3 month period of OMT and exercise therapy, PAD-related QoL assessment is recommended. I B

It is recommended to adapt the mode and type of revascularization options to anatomical lesion location, lesion morphology, and general 

patient condition.
I C

In patients with symptomatic PAD and impaired PAD-related QoL after a 3 month period of OMT and exercise therapy, revascularization 

may be considered.
IIb B

In patients with PAD, revascularization is not recommended if the reason is to solely prevent progression to CLTI. III B

In patients with asymptomatic PAD, revascularization is not recommended. III C

Recommendations for interventional treatment of patients with symptomatic peripheral arterial disease (per arterial bed)

In femoro-popliteal lesions, drug-eluting treatment should be considered as the first-choice strategy. IIa A

In femoro-popliteal lesions, if revascularization is indicated, an open surgical approach should be considered when an autologous vein (e.g. 

GSV) is available in patients with low surgical risk.
IIa C

In patients with severe IC undergoing endovascular femoro-popliteal revascularization, treatment of BTK arteries may be considered in the 

same intervention.
IIb C

Recommendations in patients with peripheral arterial disease: follow-up of patients with peripheral arterial disease

It is recommended to regularly, at least once a year, follow-up patients with PAD, assessing clinical and functional status, medication 

adherence, limb symptoms, and CVRFs, with DUS assessment as needed.
I C

Recommendations for the management of chronic limb-threatening ischaemia

Early recognition of CLTI and referral to the vascular team are recommended for limb salvage. I C

Recommendations for medical treatment in patients with chronic limb-threatening ischaemia

It is recommended that patients with CLTI are managed by a vascular team. I C

In patients with CLTI and ulcers, offloading mechanical tissue stress is indicated to allow wound healing. I C

Lower-limb exercise training is not recommended in patients with CLTI and wounds. III C

Recommendations for interventional treatment of chronic limb-threatening ischaemia

In CLTI patients, it is recommended to perform revascularization as soon as possible. I B

In CLTI, it is recommended to use autologous veins as the preferred conduit for infra-inguinal bypass surgery. I B

In multilevel vascular disease, it is recommended to eliminate inflow obstructions when treating downstream lesions. I C

In CLTI patients with good autologous veins and low surgical risk (<5% peri-operative mortality, >50% 2 year survival), infra-inguinal bypass 

may be considered.
IIb B

In CLTI patients, endovascular treatment may be considered as first-line therapy, especially in patients with increased surgical risk or 

inadequate autologous veins.
IIb B

Recommendations for follow-up in patients with chronic limb-threatening ischaemia

In patients with CLTI, following revascularization it is recommended to follow-up patients on a regular basis. I C

At follow-up, it is recommended to assess clinical, haemodynamic and functional status, limb symptoms, treatment adherence, and CVRFs. I C

Recommendations for carotid artery stenosis assessment

It is recommended to use the NASCET method or its non-invasive equivalent to assess ICA stenosis. I B

It is not recommended to use the ECST method for ICA stenosis assessment. III C

Recommendations for the management of subclavian artery stenosis

Bilateral arm BP measurement is recommended for all patients with PAAD. I B

Endovascular revascularization may be considered over surgery, despite similar long-term outcomes, due to lower complication rates. IIb B

Routine revascularization in patients with atherosclerotic subclavian artery disease is not recommended. III C

Recommendations for diagnostic strategies for renal artery disease

DUS is recommended as the first-line imaging modality in patients with suspicion of RAS. I B

Continued 
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Recommendations for treatment strategies for renal artery disease

Revascularization

In patients with atherosclerotic unilateral >70% RAS, concomitant high-risk features, and signs of kidney viability, renal artery revascularization 

should be considered after OMT has been established.
IIa B

In patients with atherosclerotic bilateral (>70%) RAS or RAS in a solitary kidney, concomitant high risk features, and signs of kidney viability, 

renal artery revascularization should be considered.
IIa B

In patients with hypertension and/or signs of renal dysfunction due to RAS caused by fibromuscular dysplasia, concomitant high-risk features, 
and signs of kidney viability, revascularization with primary balloon angioplasty and bailout stenting should be considered.

IIa B

In patients with an indication for renal artery revascularization and complex anatomy, or after failed endovascular revascularization, open 
surgical revascularization should be considered.

IIa B

In patients with atherosclerotic unilateral RAS, routine revascularization is not recommended. III A

Recommendations in patients with visceral artery stenosis

In patients with acute or chronic mesenteric ischaemia, assessment by a vascular team is recommended. I C

Revascularization of asymptomatic atherosclerotic visceral artery stenosis is not recommended. III C

Recommendations for surgery in aortic root and ascending aorta dilatation associated with tricuspid aortic valve

In patients with dilatation of the tubular ascending aorta who can be offered surgery with low predicted risk, ascending aortic replacement 

should be considered at a maximum diameter >52 mm.
IIa B

In patients undergoing surgery for tricuspid aortic valve disease who have concomitant dilatation of the aortic root or ascending tubular aorta, 

and low predicted surgical risk, ascending aorta or root replacement should be considered at a maximum diameter ≥45 mm, otherwise 
≥50 mm.

IIa B

SAPT with low-dose aspirin (75–100 mg/day) should be considered for the first 3 months after valve-sparing aortic surgery when there are no 
other baseline indications for OAC.

IIa C

In patients undergoing non-aortic-valve cardiac surgery who have concomitant dilatation of the ascending aorta or aortic root with a 
maximum diameter ≥50 mm, concomitant aortic surgery should be considered.

IIa C

Recommendations for surgery in aortic arch aneurysms

In patients with low or intermediate operative risk with an aortic arch aneurysm and recurrent episodes of chest pain not attributable to 

non-aortic causes, open surgical replacement of the arch is recommended.
I C

In patients undergoing open surgical repair of an aortic arch aneurysm, an elephant trunk or frozen elephant trunk procedure should be 

considered if the aneurysmal disease extends into the proximal descending thoracic aorta.
IIa C

Recommendations for follow-up after treatment of aortic aneurysms

After open repair of TAA, an early CCT is recommended within 1 month, and then yearly CCT follow-up for the first 2 post-operative years 

and every 5 years thereafter is recommended if findings are stable.
I B

After 5 post-operative years without complications, continuing long-term follow-up of TEVAR by CCT every 5 years should be considered. IIa B

If growth of the excluded aneurysm is observed, without evidence of type I or III endoleak, repeating CCT every 6–12 months, depending on 

the growth rate observed, should be considered.
IIa C

In low-risk patients, from 1 year post-operatively after EVAR, repeating DUS/CEUS every 2 years should be considered. IIa B

If any abnormality during DUS/CEUS is found, confirmation should be considered using additional CCT or CMR (based on potential artefacts). IIa B

Recommendations for diagnostic work-up of acute aortic syndrome

CCT from neck to pelvis is recommended as the first-line imaging technique in patients with suspected AAS since it is widely available, 

accurate, and provides information about the entry tear, extension, and possible complications (malperfusion, dilatation, or rupture).
I C

In patients with suspected AAS, TOE is recommended to guide peri-operative management and detect complications. I C

Recommendations for medical treatment in acute aortic syndromes

In patients with AAS who can be managed conservatively and who achieved haemodynamic targets with i.v. anti-impulse therapy, switching to 
oral BBs and, if necessary, up-titration of other BP-lowering agents is recommended after 24 h if gastrointestinal transit is preserved.

I B

If the patient has a contraindication for BBs, a non-dihydropyridine calcium blocker should be considered. IIa B

Recommendations for intervention in type A acute aortic dissection

In patients with acute TAAD who have extensive destruction of the aortic root, a root aneurysm, or a known genetic aortic disorder, aortic 

root replacement is recommended with a mechanical or biological valved conduit.
I B

In patients presenting with acute TAAD, transfer from a low- to a high-volume aortic centre with the presence of a multidisciplinary team 

should be considered to improve survival if transfer can be accomplished without significant delay in surgery.
IIa B

In selected patients, a valve-sparing root repair may be considered, when performed by experienced surgeons. IIb B
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Recommendations for aortic repair strategies in type A acute aortic dissection

In patients with acute TAAD and a partially dissected aortic root but no significant aortic valve leaflet pathology, aortic valve resuspension is 
recommended over valve replacement.

I B

In patients with acute TAAD undergoing aortic repair, an open distal anastomosis is recommended to improve survival and increase FL 
thrombosis rates.

I B

In patients with acute TAAD without an intimal tear in the arch or a significant arch aneurysm, hemi-arch repair is recommended over more 
extensive arch replacement.

I B

In patients with acute TAAD and a secondary intimal tear in the arch or proximal DTA, extended aortic repair with stenting of the proximal 
DTA (e.g. by the frozen elephant technique) may be considered to reduce late distal aortic complications (e.g. aneurysm evolution of the 

remaining dissected descending aorta).

IIb C

Recommendations for the management of malperfusion in the setting of acute aortic dissection

In patients with acute TAAD presenting with malperfusion (cerebral, mesenteric, lower limb, or renal), immediate aortic surgery is 

recommended.
I B

In patients with acute TAAD presenting with cerebral malperfusion or non-haemorrhagic stroke, immediate aortic surgery should be 

considered to improve neurological outcome and reduce mortality.
IIa B

In patients with acute TAAD presenting with clinically significant mesenteric malperfusion syndrome, immediate invasive angiographic 

diagnostics to evaluate percutaneous malperfusion repair before or directly after aortic surgery, in aortic centres with expertise, should be 

considered.

IIa C

Recommendations for the management of patients presenting with acute type B aortic dissection

In patients with uncomplicated acute TBAD, TEVAR in the subacute phase (between 14 and 90 days) should be considered in selected 

patients with high-risk features to prevent aortic complications.
IIa B

Recommendations for the management of patients presenting with chronic type B aortic dissection

In chronic TBAD and with a descending thoracic aortic diameter ≥60 mm, treatment is recommended in patients at reasonable surgical risk. I B

In patients with chronic TBAD and a descending thoracic aortic diameter ≥55 mm, an indication for intervention should be considered in 
patients with low procedural risk.

IIa C

In patients with chronic post-dissection thoracoabdominal aortic aneurysms, the use of fenestrated/branched stent grafts may be considered, 
when treatment is indicated.

IIb C

Recommendations for the management of penetrating atherosclerotic ulcer

In uncomplicated type B PAU with high-risk imaging features, endovascular treatment should be considered. IIa C

Recommendations for traumatic aortic injury

In cases of severe aortic injury (grade 4), immediate repair is recommended. I A

In minimal aortic injury (grades 1 or 2), initial medical therapy under careful clinical and imaging surveillance should be considered. IIa C

In cases of progression of the IMH (grade 2), semi-elective repair (within 24–72 h) should be considered. IIa C

Recommendations for follow-up after treatment of acute aortic syndrome

In medically treated type B AAS or IMH, follow-up imaging is recommended at 1, 3, 6, and 12 months after onset, then yearly if imaging findings 
are stable.

I C

In medically treated PAU, follow-up imaging is recommended at 1 month after diagnosis, then every 6 months if imaging findings are stable. I C

After open surgery for AAS, follow-up imaging by CCT and TTE within 6 months, then CCT at 12 months and then yearly if findings are stable, 
should be considered.

IIa B

If no complications occur within the first 5 years, CCT every 2 years thereafter should be considered. IIa B

If no residual patent FL is documented for 3 post-operative years, subsequent surveillance by CCT every 2–3 years should be considered. IIa C

In the follow-up of medically treated PAU, after 2 years of imaging stability, larger intervals should be considered in low-risk patients. IIa C

Recommendations for the management of patients with heritable thoracic aortic disease

It is recommended that medical management of patients with HTAD is individualized and based on shared decision-making. I C

It is recommended that patients with known or suspected syndromic or non-syndromic HTAD are evaluated in a centre with experience in 

the care of this patient group.
I C

Recommendations for genetic testing and aortic screening in aortic disease

In patients with HTAD, guidance of clinical management by the underlying gene/variant, when known, should be considered. IIa B
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Recommendations for imaging in women with Turner syndrome

To take the smaller body size of women (≥15 years) with TS into account, the use of the ascending ASI (ratio of aortic diameter [mm] to BSA 
[m2]), AHI (ratio of aortic diameter [mm] to height [m]), or aortic z-score is recommended to define the degree of aortic dilatation and assess 

the risk of aortic dissection.

I C

It is recommended to define imaging and clinical surveillance intervals according to the estimated risk for dissection, based on the ascending 

ASI and concomitant lesions.
I C

Recommendations for aortic surgery in women with Turner syndrome

Elective surgery for aneurysms of the aortic root and/or ascending aorta should be considered in women with TS who are ≥15 years of age, 

have an ascending ASI >23 mm/m2, an AHI >23 mm/m, a z-score >3.5, and have associated risk factors for aortic dissection or are planning 

pregnancy.

IIa C

Elective surgery for aneurysms of the aortic root and/or ascending aorta may be considered for women with TS who are ≥15 years of age, 

have an ascending ASI >25 mm/m2, an AHI >25 mm/m, a z-score >4, and who do not have associated risk factors for aortic dissection.
IIb C

Recommendations for medical treatment in patients with vascular Ehlers–Danlos syndrome

In patients with vEDS, regular vascular surveillance of the aorta and peripheral arteries by DUS, CCT, or CMR is recommended. I C

Treatment with celiprolol should be considered in patients with vEDS. IIa B

Recommendations for vascular imaging in Marfan syndrome

In patients with MFS, TTE is recommended: 

• At least annually in patients with an aortic root diameter <45 mm in the absence of additional risk factors
• At least every 6 months in patients with an aortic root diameter <45 mm in the presence of additional risk factors

• At least every 6–12 months in patients with an aortic root diameter ≥45 mm in the absence of additional risk factors

I C

In patients without previous aortic surgery, complete peripheral vascular and thoracoabdominal aortic imaging by CMR or CCT and DUS is 

recommended at the first evaluation, and subsequently every 3–5 years if stable.
I C

Recommendations for medical treatment in Marfan syndrome

In patients with MFS, treatment with either a BB or an ARB, in maximally tolerated doses (unless contraindicated), is recommended to reduce 
the rate of aortic dilatation.

I A

In patients with MFS, the use of both a BB and an ARB, in maximally tolerated doses (unless contraindicated), should be considered to reduce 
the rate of aortic dilatation.

IIa A

Recommendations for pregnancy in women with Marfan syndrome

It is recommended that all women with MFS: 
• Have a pre-conception evaluation to address the risks of maternal CV and other complications

• Have follow-up in a centre with access to a pregnancy heart and vessel team

I C

It is recommended that couples in which a partner has or is at risk of HTAD be offered pre-conception genetic counselling. I C

Imaging of the whole aorta (by CMR/CCT) is recommended prior to pregnancy. I C

Follow-up during pregnancy is recommended with a frequency determined by aortic diameter and growth. I C

Intake of BBs during pregnancy is recommended. I C

Prophylactic aortic root surgery is recommended in women desiring pregnancy with aortic diameters >45 mm. I C

Prophylactic aortic root surgery may be considered in women desiring pregnancy with aortic diameters of 40–45 mm. IIb C

Recommendations for physical exercise in patients with Marfan syndrome

It is recommended to individualize physical activity in patients with MFS based on aortic diameter, family history of aortic dissection, and 

pre-existing fitness.
I C

Regular moderate aerobic exercise with a level of intensity informed by aortic diameter is recommended in most patients with MFS. I C

For patients who present with aortic dissection and/or have undergone aortic surgery, post-operative cardiac rehabilitation aiming at 
improving both physical and mental health should be considered.

IIa B

Recommendations for imaging follow-up in Loeys–Dietz syndrome

In patients with Loeys–Dietz syndrome, TTE at baseline and subsequently every 6–12 months, depending on aortic diameter and growth, is 

recommended.
I C

In patients with Loeys–Dietz syndrome, a baseline arterial imaging study from head to pelvis with CMR or CCT and subsequent surveillance 

with CMR or CCT or DUS every 1–3 years is recommended.
I C

Recommendations for imaging and surgery in ACTA2-related heritable thoracic aortic disease

Annual monitoring of the aortic root/ascending aorta with TTE to evaluate for aortic root/ascending aorta enlargement is recommended. I C

Imaging of the aorta with CMR/CCT every 3–5 years is recommended. I C

Prophylactic aortic root surgery should be considered with a diameter ≥45 mm, or lower in cases with other risk factors. IIa C
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Recommendations for bicuspid aortic valve-associated aortopathy management

Surgery for bicuspid aortopathy of the root phenotype is recommended when the maximum aortic diameter is ≥50 mm. I B

Screening by TTE in FDRs of BAV patients with root phenotype aortopathy and/or isolated aortic regurgitation is recommended. I C

In patients with low surgical risk, surgery for bicuspid aortopathy of ascending phenotype should be considered when the maximum aortic 

diameter is >52 mm.
IIa B

Recommendations for evaluation and medical treatment of patients with coarctation of the aorta

In patients with native or repaired coarctation, lifelong follow-up is recommended, including regular imaging of the aorta with CCT/CMR 

every 3–5 years (adapted to clinical status and previous imaging findings).
I B

Recommendations for screening and management of polyvascular disease and peripheral arterial disease with cardiac diseases

In patients with PVD, an LDL-C reduction by ≥50% from baseline and an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended. I A

In patients with stable PVD who are symptomatic in at least one territory and without high bleeding risk, treatment with a combination of 

rivaroxaban (2.5 mg b.i.d.) and aspirin (100 mg o.d.) should be considered.
IIa A
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AAA, abdominal aortic aneurysm; AAD, acute aortic dissection; AAS, acute aortic syndrome; AHI, aortic height index; ARB, angiotensin receptor blocker; ASI, aortic size index; BAV, bicuspid 
aortic valve; BB, beta-blocker; b.i.d., twice daily; BP, blood pressure; BTK, below-the-knee; BSA, body surface area; CCT, cardiovascular computed tomography; CEUS, contrast-enhanced 
ultrasound; CLTI, chronic limb-threatening ischaemia; CMR, cardiovascular magnetic resonance; CS, carotid artery stenosis; CV, cardiovascular; CVRFs, cardiovascular risk factors; DM, 
diabetes mellitus; DTA, descending thoracic aorta; DUS, duplex ultrasound; ECST, European Carotid Surgery Trial; FDR, first-degree relative; FL, false lumen; GSV, great saphenous vein; 
HBET, home-based exercise training; HTAD, heritable thoracic aortic disease; ICA, internal carotid artery; IMH, intramural haematoma; IC, intermittent claudication; i.v., intravenous; 
LDL-C, low-density lipoprotein cholesterol; MFS, Marfan syndrome; NASCET, North American Symptomatic Carotid Endarterectomy Trial; OAC, oral anticoagulation; o.d., once daily; 
OMT, optimal medical treatment; PAAD, peripheral arterial and aortic diseases; PAD, peripheral arterial disease; PAU, penetrating atherosclerotic ulcer; PVD, polyvascular disease; 
QoL, quality of life; RAS, renal artery stenosis; SAPT, single antiplatelet therapy; SET, supervised exercise training; TAA, thoracic aortic aneurysm; TAAD, type A aortic dissection; 
TBAD, type B aortic dissection; TOE, transoesophageal echocardiography; TEVAR/EVAR, thoracic endovascular aortic aneurysm repair; TS, Turner syndrome; TTE, transthoracic 
echocardiography; vEDS, vascular Ehlers–Danlos syndrome.

Table 4 Revised recommendations

Recommendations in 2017 (PAD) and 2014 
(Aortic)

Class Level Recommendations in 2024 Class Level

Recommendations for abdominal aortic aneurysm screening

Screening for AAA with DUS

Is recommended in all men >65 years of age.
I A

Is recommended in men aged ≥65 years with a history of 

smoking to reduce the risk of death from ruptured AAA.
I A

(i) May be considered in women >65 years of age with 

history of current/past smoking.
IIb C

May be considered in men aged ≥75 years (irrespective of 

smoking history) or in women aged ≥75 years who are 

current smokers, hypertensive, or both.
IIb C

(ii) Is not recommended in female non-smokers without 

familial history.
III C

Family AAA screening with DUS

Targeted screening for AAA with ultrasound should be 

considered in first-degree siblings of a patient with AAA.
IIa B

Is recommended for FDRs of patients with AAA aged 

≥50, unless an acquired cause can be clearly identified.
I C

Opportunistic AAA screening with DUS

Targeted screening for AAA with ultrasound should be 
considered in first-degree siblings of patients with AAA.

IIa B
Should be considered in men ≥65 years and in women 
aged ≥75 years during TTE.

IIa B

Recommendations for antihypertensive therapy in patients with peripheral and aortic disease

In patients with PAD and hypertension, it is recommended 

to control blood pressure at <140/90 mmHg
I A

In patients with PAAD and hypertension an SBP target 

towards 120–129 mmHg, if tolerated, is recommended.
I A

ACEIs or ARBs should be considered as first-line therapy 
in patients with PAD and hypertension.

IIa B
ACEIs/ARBs may be considered in all patients with PAD, 
regardless of BP levels, in the absence of contraindications.

IIb B

Recommendations for lipid-lowering therapy for patients with peripheral arterial and aortic diseases

In patients with PAD, it is recommended to reduce LDL-C 

to <1.8 mmol/L (70 mg/dL) or decrease it by >50% if 
baseline values are 1.8–3.5 mmol/L (70–135 mg/dL).

I C
An ultimate LDL-C goal of <1.4 mmol/L (55 mg/dL) and a 

>50% reduction in LDL-C vs. baseline are recommended 
in patients with atherosclerotic PAAD.

I A

Recommendations for carotid artery stenosis assessment

DUS (as first-line imaging), CTA, and/or MRA are 

recommended for evaluating the extent and severity of 
extracranial carotid stenosis.

I B
It is recommended to use DUS as first-line imaging to 

diagnose ICA stenosis. I C

Continued 
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Recommendations in patients with visceral artery stenosis

In patients with acute embolic occlusion of the SMA, both 
endovascular and open surgery therapy should be 

considered.

IIa B
In patients with acute mesenteric ischaemia due to acute 
occlusion of the SMA, endovascular revascularization is 

recommended.

I B

Recommendations for surveillance of patients with abdominal aorta aneurysm

In patients with small (30–55 mm) AAA, the following 
time interval should be considered: 

• Every 3 years for AAA of 30–39 mm diameter

• Every 2 years for AAA of 40–44 mm diameter
• Every year for AAA >45 mm diameter.

IIa B

DUS surveillance should be considered annually in women 
with AAA of 40–45 mm and in men with AAA of 40– 

49 mm. IIa B

Recommendations for surgery in aortic root and ascending aorta dilatation associated with tricuspid aortic valve

Surgery should be considered in patients who have 
isolated aortic arch aneurysm with a maximal diameter 

≥55 mm.

IIa C
Surgery is recommended in patients with dilatation of the 
aortic root or ascending aorta with a tricuspid aortic valve 

and a maximum diameter of ≥55 mm.

I B

Aortic valve repair using the reimplantation technique or 

remodelling with aortic annuloplasty is recommended in 

young patients with aortic root dilation and tricuspid 
aortic valves.

I C

Valve-sparing aortic root replacement is recommended in 

patients with aortic root dilatation if performed in 

experienced centres and durable results are expected.
I B

Lower thresholds for intervention may be considered 
according to BSA in patients with small stature or in the 

case of rapid progression, aortic valve regurgitation, 

planned pregnancy, and patient’s preference.

IIb C

Ascending aortic or root replacement may be considered 
at a maximum diameter of ≥50 mm in patients with 

proximal aorta dilatation who can be offered surgery with 

low predicted risk and present with any of the following: 
• Growth of the aortic diameter ≥3 mm per year

• Resistant hypertension

• Short stature (<1.69 m)
• Root phenotype

• Aortic length >11 cm

• Age <50 years
• Desire for pregnancy

• Aortic coarctation.

IIb B

Recommendations for surgery in aortic arch aneurysms

Aortic arch repair may be considered in patients with 

aortic arch aneurysm who already have an indication for 

surgery of an adjacent aneurysm located in the ascending 
or descending aorta.

IIb C

In patients undergoing open surgical repair of an ascending 

aortic aneurysm, concomitant hemi-arch replacement 

should be considered if the dilatation extends into the 
proximal aortic arch (>50 mm).

IIa C

Recommendations for follow-up after treatment of aortic aneurysms

After TEVAR or EVAR, surveillance is recommended after 

1, 6, and 12 months and then yearly. Shorter intervals can 
be proposed in the event of abnormal findings requiring 

closer surveillance.

I C

After TEVAR, follow-up imaging is recommended at 1 and 

12 months post-operatively, then yearly until the fifth 
post-operative year if no abnormalities are documented.

I B

Long-term surveillance of open abdominal aortic repair 

may be considered at loose (5 year) intervals using colour 

DUS or CCT imaging.

IIb C
After open repair of AAA, first follow-up imaging is 

recommended within 1 post-operative year, and every 5 

years thereafter if findings are stable.

I A

If neither endoleak nor AAA sac enlargement is 

documented during first year after EVAR, then colour 
DUS, with or without contrast agents, should be 

considered for annual post-operative surveillance, with 

non-contrast CT imaging every 5 years.

IIa C

After EVAR, follow-up imaging is recommended with CCT 

(or CMR) and DUS/CEUS at 1 month and 12 months 
post-operatively, then, if no abnormalities are documented, 

DUS/CEUS is recommended every year, repeating CCT or 

CMR (based on potential artefacts) every 5 years.

I A

Recommendations for diagnostic work-up of acute aortic syndrome

TTE is recommended as an initial imaging investigation. 

In stable patients with a suspicion of AAS, the following 
imaging modalities are recommended (or should be 

considered according to local availability and expertise):

I C

In patients with suspected AAS, focused TTE (with use of 

contrast if feasible) is recommended during the initial 
evaluation.

I C

MRI
I C

In patients with suspected AAS, CMR should be 

considered as an alternative imaging technique if CCT is 

not available.

IIa C

Continued 
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TOE
IIa C

In patients with suspected AAS, TOE is recommended to 

guide peri-operative management and detect 

complications.

I C

Recommendations for medical treatment in acute aortic syndromes

In all patients with AD, medical therapy, including pain 

relief and blood pressure control, is recommended. I C
Invasive monitoring with an arterial line and continuous 

three-lead ECG recording, as well as admission to an 

intensive care unit, is recommended.

I B

Recommendations for the management of patients presenting with acute type B aortic dissection

In complicated TBAD, TEVAR is recommended. I C In patients with complicated acute TBAD, emergency 

intervention is recommended.
I B

In complicated TBAD, surgery may be considered. IIb C

In complicated TBAD, TEVAR may be recommended. IIb C In patients with complicated acute TBAD, TEVAR is 
recommended as the first-line therapy.

I B
In complicated TBAD, surgery may be considered. IIb C

Recommendations for the management of intramural haematoma

In complicated type B IMH, TEVAR should be considered. IIa C In complicated type B IMH, TEVAR is recommended. I C

Recommendations for the management of penetrating atherosclerotic ulcer

In the case of type A PAU, surgery should be considered. IIa C In the case of type A PAU, surgery is recommended. I C

In complicated type B PAU, TEVAR should be considered.
IIa C

In complicated type B PAU, endovascular treatment is 

recommended.
I C

Recommendations for traumatic aortic injury

In cases of TAI with suitable anatomy requiring 
intervention, TEVAR should be preferred to surgery.

IIa C
In cases of TAI with suitable anatomy requiring 
intervention, TEVAR is recommended over open surgery.

I A

Recommendations for genetic testing and aortic screening in aortic disease

It is recommended to investigate FDRs (siblings and 
parents) of a subject with TAAD to identify a familial form 

in which relatives all have a 50% chance of carrying the 

family mutation/disease. I C

Imaging screening of family members of patients with 
TAD with risk factors for HTAD in whom no (likely) 

pathogenic variant is identified should be considered 

starting at age 25, or 10 years below the youngest case, 
whichever is younger. If the initial screening is normal, 

continued screening every 5 years until the age of 60 

should be considered.

IIa C

Recommendations for bicuspid aortic valve-associated aortopathy management

Cardiac MRI or CT is indicated in patients with BAV when 

the morphology of the aortic root and the ascending aorta 

cannot be accurately assessed by TTE.

I C
CCT or CMR of the entire thoracic aorta is 

recommended at first diagnosis and when important 

discrepancies in measurements are found between 
subsequent TTE controls during surveillance, or when the 

diameter of the aorta exceeds 45 mm.
I CIn the case of aortic diameter >50 mm or an increase of 

>3 mm per year measured by echocardiography, 
confirmation of the measurement is indicated, using 

another imaging modality (CT or MRI).

I C

In the case of a diameter of the aortic root or the 

ascending aorta >45 mm or an increase of >3 mm per 

year measured by echocardiography, annual 
measurement of aortic diameter is indicated.

I C

Surveillance serial imaging by TTE is recommended in BAV 

patients with a maximum aortic diameter >40 mm, either 

with no indication for surgery or after isolated aortic valve 
surgery, after 1 year, then if stability is observed, every 2–3 

years.

I C

In cases of BAV, surgery of the ascending aorta is indicated 

in the case of: 

• Aortic root or ascending aortic diameter >50 mm in the 
presence of other risk factors (coarctation of the aorta, 

systemic hypertension, family history of dissection, or 

increase in aortic diameter of >3 mm per year).
I C

In patients with low surgical risk and ascending phenotype 

bicuspid aortopathy, surgery should be considered at a 

maximum diameter ≥50 mm if any of the following is the 
case: 

• Age <50 years

• Short stature
• Ascending aortic length ≥11 cm

• Aortic diameter growth rate >3 mm per year

• Family history of acute aortic syndrome
• Aortic coarctation

• Resistant hypertension

• Concomitant non-aortic-valve cardiac surgery
• Desire for pregnancy

IIa C

Continued 
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4. Epidemiology and risk factors
4.1. Epidemiology
Peripheral arterial disease (PAD) is prevalent worldwide and affects 113 
million people aged 40 and older, of which 42.6% are in countries with a 
low-to-middle sociodemographic index. Global prevalence is 1.52%, in
creases with age (14.91% in those aged 80–84 years), and is higher in 
females than in males (18.03% vs. 10.56%, in the same age group).10–13

PAD prevalence rose by 72% from 1990 to 2019, considering a 
45% growth rate in the world population.10,11,14 The overall global 
age-standardized prevalence is about 1470 per 100 000 persons (Figure 2).14

Ischaemic cerebral disease, mainly linked to carotid stenosis (65% of 
cases), has a prevalence of 77.19 million, marking a 95% increase from 
1990 to 2019.15

The overall prevalence of aortic disease including aneurysm and 
dissections is estimated at around 1% to 3% in the general population, 
with up to 10% prevalence in older age groups. European studies show 
a decrease in abdominal aortic aneurysm (AAA) prevalence in screened 
men >65 years of age, at 1.3%–3.3%,16,17 contrasting with the United 
States of America’s 5% found in screened male smokers.16,17

Globally, in 2019, there were 172 000 aortic aneurysm-related deaths 
(82.1% increase from 1990).10

In cases of BAV, surgery of the ascending aorta is indicated 

in the case of: 

• Aortic root or ascending aortic diameter >45 mm 
when surgical aortic valve replacement is scheduled.

I C

Surgery for bicuspid aortopathy in patients undergoing 

aortic valve surgery should be considered at a root or 

ascending diameter ≥45 mm.
IIa C

Recommendations for screening and management of polyvascular disease and peripheral arterial disease with cardiac diseases

In patients undergoing CABG, DUS is recommended in 

patients with a recent (<6 months) history of TIA/stroke. I B
Carotid DUS should be considered for stable patients 

scheduled for CABG with TIA/stroke within the past 6 
months without carotid revascularization.

IIa B
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AAA, abdominal aortic aneurysm; AAS, acute aortic syndrome; ACEI, angiotensin-converting enzyme inhibitor; AD, aortic dissection; ARB, angiotensin receptor blocker; BAV, bicuspid aortic 
valve; BP, blood pressure; BSA, body surface area; CABG, coronary artery bypass grafting; CCT, cardiovascular computed tomography; CEUS, contrast-enhanced ultrasound; CMR, 
cardiovascular magnetic resonance; CT, computed tomography; CTA, computed tomography angiography; DUS, duplex ultrasound; ECG, electrocardiogram; FDR, first-degree relative; 
HTAD, heritable thoracic aortic disease; ICA, internal carotid artery; IMH, intramural haematoma; LDL-C, low-density lipoprotein cholesterol; MRA, magnetic resonance angiography; 
MRI, magnetic resonance imaging; PAAD, peripheral arterial and aortic diseases; PAD, peripheral arterial disease; PAU, penetrating atherosclerotic ulcer; SBP, systolic blood pressure; 
SMA, superior mesenteric artery; TAAD, type A aortic dissection; TAD, thoracic aortic disease; TAI, traumatic aortic injury; TBAD, type B aortic dissection; TOE, transoesophageal 
echocardiography; TEVAR/EVAR, thoracic endovascular aortic aneurysm repair; TIA, transient ischaemic attack; TTE, transthoracic echocardiography.
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Figure 2 Estimated specific prevalence of peripheral arterial disease, by sex, in people aged 40 years and older. Adapted from12 under the terms of the 
Open access Creative Commons CC-BY license.
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4.2. Risk factors
Main PAAD risk factors are summarized in Figure 3. Traditional risk factors 
in tools like Framingham, Reynolds, Atherosclerotic Cardiovascular Disease 
(ASCVD) risk estimator Plus (United States of America), SCORE2 
(Systematic Coronary Risk Evaluation 2, age 40–69 years), SCORE2- 
Diabetes (Systematic Coronary Risk Evaluation 2 - diabetes), and 

SCORE2-OP (Systematic Coronary Risk Evaluation 2–Older Persons) 
(Europe)18 also contribute to PAAD’s pathophysiology and development. 
More details are available in Supplementary data online, Section 1.1, and the 
2021 ESC Guidelines on CV disease prevention in clinical practice.19

Low-density lipoprotein cholesterol (LDL-C) is a pivotal factor in 
atherosclerosis,19 with diabetes and tobacco exposure significantly 

Atherosclerotic PAAD

Traditional risk factors

Non-traditional risk factors

Female-specific
risk factors

Non-modifiable risk factors Modifiable risk factors

Overweight

Sedentary lifestyle

Sleep disorders

Apolipoproteins

Environmental pollution

Socio-economic status

Menopause

Pregnancy-induced
hypertension/
diabetes

Polygenic and
family inheritance

Sex

Age
Tobacco

Diabetes

Lipids

Hypertension

Stressful lifestyle

Alcohol

Diet

In�ammation
Autoimmune disease

Figure 3 Main risk factors associated with atherosclerosis in peripheral arterial and aortic diseases. PAAD, peripheral arterial and aortic diseases.

22                                                                                                                                                                                               ESC Guidelines
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehae179/7738955 by guest on 15 Septem
ber 2024

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae179#supplementary-data


amplifying PAD risk by 2–4 times each.20 Both men and women face a 
similar risk of PAD, but women have distinct risk factors (Figure 3).21

Hypertension and male sex are major risk factors for AAA, whereas dia
betes mellitus lowers its incidence by 25%.22–24 Thoracic aortic aneurysm 
(TAA) or dissection share atherosclerotic risk factors, yet monogenic or 
polygenic diseases like Marfan syndrome (MFS), more prevalent in young
er individuals, also contribute.24,25 Inflammation as a risk factor can be ob
served in PAAD26 and the potential for inflammation to be a modifiable 
risk factor is indicated by research related to colchicine and the effects 
demonstrated by canakinumab (a monoclonal antibody that reduces in
flammation by inhibiting interleukin-1 beta).27,28

5. Evaluation of peripheral arteries 
and aorta
To be consistent with existing literature, the term PAD is used to refer 
to lower-extremity atherosclerotic arterial disease.

5.1. Clinical history and examination, and 
laboratory assessment, in patients with 
peripheral arterial and aortic diseases
Clinical evaluation encompassing history (including family history), 
review of symptoms, and physical examination are the first steps 
in diagnosing and assessing patients with PAAD. Pulse palpation, 
femoral, carotid, and abdominal bruit auscultation, heart ausculta
tion, and observation of the legs and feet need to be part of the vas
cular examination.

Clinical signs, beyond aiding diagnosis, offer prognostic insights. 
Carotid bruits double the risk of myocardial infarction (MI) and CV 
death,29,30 while a brachial systolic blood pressure (SBP) difference of 
more than 15 mmHg raises CV death risk by 50%.31 Hence, bilateral 
arm blood pressure (BP) measurement is recommended.32 Lab assess
ments should include lipid profile (including lipoprotein[a] at least once 
in a lifetime),33 fasting glycaemia, glycated haemoglobin (HbA1c), renal 
function, blood count, coagulation studies, liver function, electrolytes, 
and inflammatory markers (C-reactive protein [CRP] and erythrocyte 
sedimentation rate). Additional evaluations, like thyroid function tests, 
are advised as needed.

5.2. Functional and quality of life 
assessment in patients with peripheral 
arterial and aortic diseases
Patients with PAD have decreased walking performance and self- 
reported physical and mental health-related quality of life 
(HRQoL).34–40 Muscle strength and balance are also impaired,41–45

leading to a faster decline in functional (physical functioning) perform
ance in both symptomatic and asymptomatic patients.46,47 Depression 
is associated with greater impairment in functional performance.48,49

Impaired functional status is related to decreased self-reported 
HRQoL,50,51 and predicts further mobility loss and CV mortality.52,53

Very poor HRQoL has been found in patients with chronic limb- 
threatening ischaemia (CLTI).54

Different questionnaires are available assessing different facets (func
tional, mental, and social status) of patient-reported outcome measures 
(PROMs).34–36,38 The Short-form 36-item health questionnaire (SF-36) 
(including physical- and mental health-related items) is the most used 

generic questionnaire in PAD.35,36,38 The Edinburgh Claudication 
Questionnaire is a modified version of the initially developed Rose ques
tionnaire and has a sensitivity of 91% and a specificity of 99% in compari
son with a physician-based diagnosis.55,56 The Walking Impairment 
Questionnaire (WIQ), the Walking Estimated Limitation Calculated by 
History (WELCH), and the Vascular quality of life (VascuQoL) question
naire are the most used PAD-specific questionnaires.34–36,38

Treadmill testing, using standardized criteria, is the gold standard to as
sess walking performance.37,57–62 Patients are asked to walk until max
imal pain levels, defining the maximal walking distance (MWD). 
Patients are also asked to indicate the point at which pain begins, defining 
the pain-free walking distance (PFWD). Constant-load protocols have 
poorer reliability than graded protocols.60–64 Additionally, the six-minute 
walk test (6MWT) should be performed to assess functional walking per
formance.62,65 For muscular lower-limb strength assessment,66 isokinetic 
dynamometry has good test–retest reliability.67 Alternatively, the Short 
physical performance battery (SPPB) test should be used.62,64,68,69 The 
SPPB has good test–retest reliability.64

Few data exist on HRQoL, functional assessment, and exercise cap
acity in patients with aortic diseases.70,71 Those with acute aortic dis
section (AAD), as well as patients who had aortic valve or thoracic 
aortic surgery, may present with depression and anxiety, leading to 
mental health issues72,73 that can also be assessed with the SF-36 ques
tionnaire or the hospital anxiety and depression score (HADS).72

Patients with MFS have reduced HRQoL and a significant decline 
over time in physical HRQoL.74,75 Assessing HRQoL in aortic disease 
patients is crucial for understanding well-being, disease impact, and 
treatment effects. This involves PROMs, including surveys, symptom 
assessment, functional evaluation, psychological well-being (HADS), 
social and occupational function, and medication/treatment side effects. 
It also covers healthcare utilization and patient satisfaction, informing 
care and enhancing aortic disease management.

Recommendation Table 1 — Recommendations for 
clinical and laboratory, and for functional and quality of 
life, assessment in patients with peripheral arterial and 
aortic disease (see also Evidence Table 1)

Recommendations Classa Levelb

When managing PAAD, it is recommended to adopt 

a comprehensive approach that addresses the 

entirety of the arterial circulation.76

I B

To assess PAAD, it is recommended to perform 

thorough clinical, vascular, and CVRFs laboratory 
evaluation.77

I C

Overall evaluation of functional (physical functioning) 
performance with objective tests should be 

considered in patients with symptomatic and 

asymptomatic chronic PAD.57,61,63

IIa B

Overall evaluation of self-reported (i.e. by 

questionnaire) physical and mental/social HRQoL 
should be considered in patients with  

PAAD.34–36,38,72

IIa B
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CVRFs, cardiovascular risk factors; HRQoL, health-related quality of life; PAAD, peripheral 
arterial and aortic diseases; PAD, peripheral arterial disease. 
aClass of recommendation. 
bLevel of evidence.
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5.3. Vascular examination of peripheral 
arteries
The ankle-brachial index (ABI)78,79 is a low-cost, easy, and largely used 
tool, used both at rest or after exercise80–84 for PAD diagnosis and sur
veillance (Figure 4). Both oscillometric and Doppler methods have 
shown good concordance.78

Resting ABI has a 68%–84% sensitivity and an 84%–99% specificity 
for PAD diagnosis (Figure 4).79 An ABI ≤0.90 confirms PAD 

diagnosis.79,85–87 For values >1.40, the term ‘non-compressible arteries’ 
should be used.

Ankle–brachial index >1.40, seen in arterial stiffness (diabetes, 
severe kidney failure, or advanced age), correlates with increased CV 
events and mortality risk.88,89 For ABI >1.40, assessing resting toe– 
brachial index (TBI) is recommended.79,90–95

Toe–brachial index addresses medium-calibre artery rigidity96 measur
ing pressure on the hallux, second, or third toe using laser Doppler probe 
or plethysmography.97,98 Sensitivity and specificity for PAD diagnosis 

Ankle-brachial index (ABI)

Haemodynamic criteria for PAD

Haemodynamic criteria for CLTI

Higher systolic ankle pressure of target leg
(posterior tibial or dorsalis pedis artery)

Higher systolic brachial pressure, 
irrespective of target leg

Toe-brachial index (TBI)

Toe pressure of target leg

Higher systolic brachial pressure, 
irrespective of target leg

Borderline ABI

0.90
1.0 0.70

1.40

Abnormal
low ABI

Abnormal
low TBI

Abnormal
high ABI

Normal
ABI

Normal
TBI

Ankle pressure <50 mmHg

How to measure

Transcutaneous oxygen partial pressure (TcPO2)

Toe pressure <30 mmHg

TcPO2 <30 mmHg

In supine position, 5–10 min resting, constant room temperature

ABI and ankle pressure: cuffs on upper arms and lower limbs (just above the ankle)

TBI and toe pressure: cuffs on upper arms and photoplethysmography probe on distal pulp of first or second toe

TcPO2: preferred position of measurement electrode at first intermetatarsal position

Figure 4 Haemodynamic assessment of peripheral arterial disease. ABI, ankle–brachial index; CLTI, chronic limb-threatening ischaemia; PAD, 
peripheral arterial disease; TBI, toe–brachial index; TcPO2, transcutaneous oxygen pressure.
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range from 45% to 100% and 17% to 100%, respectively.91 The usual 
pathological threshold for TBI is ≤0.70 (Figure 4).99

Used within the Framingham risk score, ABI enables the upgrading of 
risk estimation in ‘low-risk’ women and men,77,88 it allows CV risk as
sessment in diverse ethnic groups independently of risk factors,77,89

and is inexpensive and minimally time-consuming.100 Trained physicians 
have better reproducibility than inexperienced ones.101,102

In patients with exertional limb pain relieved by rest and a resting 
ABI >0.90, exercise testing with post-exercise ABI measurements 
or exercise oximetry has been proposed to diagnose lower-limb ar
terial stenoses.103–105

The post-exercise ABI is determined 1 min after the cessation of 
a standardized treadmill exercise.106 The physician measures bilat
eral ankle BP, starting with the symptomatic leg, using the ankle ar
tery used for the reference resting ABI measurement. Brachial SBP 
should simultaneously be measured to enable calculation of the 
post-exercise ABI.104

Discrepancies in PAD diagnosis exist between exercise criteria, such 
as a fall in absolute ankle BP >30 mmHg or a drop of >20% in the post- 
exercise ABI.104 Recent studies identified numerous false positives in a 
healthy population when using a post-exercise ABI drop of >20% as the 
diagnostic threshold, as commonly proposed.103

Measurement of transcutaneous oxygen pressure (TcPO2) is a 
means of evaluating tissue viability and is proposed as a diagnostic cri
terion of CLTI (Figure 4).107 TcPO2 is affected by local and general fac
tors such as skin thickness, probe temperature, inflammation, and 
oedema,108,109 resulting in misleading values.

Resting TcPO2 >30 mmHg is a favourable indicator of wound heal
ing;110–112 however, resting TcPO2 <10 mmHg is associated with bad 
prognosis for wound healing and amputation in CLTI patients treated 
with bone marrow-derived stem cells.107 When performed at succes
sive levels on an ischaemic limb, TcPO2 measurement may help to de
termine amputation level.113–115

Exercise transcutaneous oximetry has also been proposed.116,117

This seems of interest to detect proximal (buttock) claudication105

or unsuspected exercise-induced hypoxaemia118 in patients with inter
mittent claudication (IC).117

5.3.1. Duplex ultrasound
Duplex ultrasound (DUS) is a first step in the vascular work-up for PAD 
screening and diagnosis, allowing a dynamic, non-invasive, radiation- and 
contrast-free examination. It localizes vascular lesions and quantifies 
their extent and severity through velocity criteria.119–121 In combin
ation with ABI or TBI, DUS permits determining the haemodynamic 
relevance of arterial lesions122,123 and estimation of ABI.124 DUS has 
a sensitivity of 88% and specificity of 95% for >50% stenosis detec
tion.125 Post-exercise DUS can reveal borderline arterial lesions if initial 
findings are inconclusive.122,126,127

Duplex ultrasound distinguishes atherosclerotic (even subclinical dis
ease) from non-atherosclerotic lesions, but its reliability relies on the 
sonographer’s expertise.122 Cross-sectional imaging is advisable for re
vascularization planning. ABI and DUS are recommended for PAD pa
tient follow-up post-revascularization.128

More recent techniques, such as flow imaging, 3D echography, ultra
fast ultrasound, and shear wave elastography, as well as the use of 
contrast-enhanced ultrasound (CEUS), could further improve DUS 
performance.129

5.3.2. Digital subtraction angiography, computed 
tomography angiography, and magnetic resonance 
angiography
Detailed information about these techniques can be found in the 
Supplementary data online, Section 1.2 (Table S1). Digital subtraction 
angiography (DSA) remains mostly limited to revascularization proce
dures. Computed tomography angiography (CTA) offers better spatial 
resolution than magnetic resonance angiography (MRA) and better cal
cification visualization; however, it can also overestimate stenosis sever
ity due to the blooming effect. MRA allows arterial wall and lumen 
assessment as well as tissue and organ perfusion distal to or surround
ing the explored arterial territory.

5.4. Evaluation of the aorta
The aorta can be divided into different anatomical regions (from prox
imal to distal) for reporting purposes. The main anatomical aortic re
gions are the aortic root, ascending aorta, aortic arch, descending 
thoracic aorta (DTA), abdominal aorta (AA), infrarenal aorta, and the 
iliac arteries (Figure 5).134,135

5.4.1. Aortic measurements
The main imaging techniques used for aortic evaluation are illustrated in 
Table 5.

Evaluating aortic dilation and progression depends on standardized 
measurements. In echocardiography, aortic diameters should be mea
sured using the leading-to-leading edge method during end-diastole 
(as systole sees about a 2 mm aortic expansion) in all segments 
(Figure 6).137,138

Most studies supporting prophylactic surgery have used this ap
proach. Furthermore, better agreement exists between echo’s 
leading-to-leading edge and cardiovascular computed tomography 
(CCT)/cardiovascular magnetic resonance (CMR)’s inner-to-inner 
edge during end-diastole.137,139,140 However, when the aortic wall 
thickens (e.g. atheroma, thrombus, intramural haematoma [IMH], or 
aortitis) or in cases of aortic dissection (AD), also report the 
outer-to-outer diameter (Figure 6).

Recommendation Table 2 — Recommendations for 
diagnostic tests in patients with peripheral arterial 
disease

Recommendations Classa Levelb

Measurement of the ABI is recommended as the 

first-line non-invasive test for screening and diagnosis 

of PAD, using an ABI ≤0.90 as a diagnostic 
criterion.79,90,130,131

I B

In the case of non-compressible ankle arteries or ABI 

>1.40, additional methods such as TP, TBI or 

Doppler waveform analysis are 
recommended.90,91,124,132,133

I B
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ABI, ankle–brachial index; PAD, peripheral arterial disease; TBI, toe–brachial index; TP, toe 
pressure. 
aClass of recommendation. 
bLevel of evidence.
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Figure 5 Anatomy and aortic segments and upper normal values for aortic dimensions. Numbers represent the 11 aortic segments based on the 
Society for Vascular  Surgery/Society of Thoracic Surgeons (SVS/STS) classification for surgical and endovascular purposes.136 Z-scores can be calcu
lated for aortic root and ascending aorta. Calculation of z-scores can be performed following these links: https://www.marfan.fr/accueil/z-score-calculus/
or https://marfan.org/dx/z-score-adults.
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Table 5 Main aortic imaging techniques

TTE/DUS TOE CCT CMR

Availability ++++ +++ ++ +

Cost + ++ +++ ++++

Time requirement + +++ +++ ++++

Radiation 0 0 +++ 0

Spatial resolution 1 mm 1 mm 0.6 mm 1–2 mm

Temporal resolution 20 msec 20 msec 80 msec 30 msec

Nephrotoxicity 0 0 +++ +

Accuracy ++ ++++ ++++ ++++

Serial examination ++++ ++ ++ ++++

Aortic wall visualization ++ +++ ++++ ++++

Aortic valve function +++ ++++ + ++++

RV/LV function +++ +++ +++a ++++

Aortic root assessment +++ +++ ++++ ++++

Aortic arch assessment ++ +++ ++++ ++++

Thoracic aorta assessment + ++ ++++ ++++

Abdominal aorta assessment +++ - ++++ ++++ ©
ES

C
20

24

CCT, cardiovascular computed tomography; CMR, cardiovascular magnetic resonance; LV, left ventricle; RV right ventricle; TOE, transoesophageal echocardiography; TTE, transthoracic 
echocardiography. 
aCCT can be used to evaluate left and right ventricular function only if retrospective gating is used.

A B C

D E F

AoR ASC

Figure 6 Conventional measurements of the aorta at different levels by echocardiography or duplex ultrasound (A, B, C ), cardiovascular computed 
tomography or cardiovascular magnetic resonance (D, E, F ). (A) Echocardiographic measurements of the aortic root and ascending aorta using the 
leading-to-leading edge methodology. (B) The outer-to-outer convention in the abdominal aorta in cases with aortic wall disease in a longitudinal 
view. This method can be used in a non-circular section as an alternative. (C ) The outer-to-outer antero-posterior diameter of the abdominal aorta 
in a cross-sectional view. Evaluation of the aortic root using the cusp-to-cusp diameter (D) and the cusp-to-commissure convention (E); (F ) measure
ment of the ascending aorta and the descending aorta with the double-oblique technique. AoR, aortic root; ASC, proximal ascending aorta.
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Given the high incidence of atherosclerotic plaques/thrombi in the 
AA, the outer-to-outer convention should be preferred (also present
ing the best agreement with CCT and CMR) (Figure 6).141,142

Regarding CCT and CMR, measurements must be performed using 
the inner-to-inner edge method (Figure 6) in end-diastole (fewer mo
tion artefacts).137,143,144

The aortic root is measured in the parasternal long axis by transthor
acic echocardiography (TTE),137,139,140,145 since the short axis underesti
mates the diameter due to possible plane obliquity. By CMR or CCT, the 
cusp-to-cusp diameter best correlates with echocardiography (Figure 6). 
A diameter difference >5 mm (among root diameters within the same 
imaging modality) indicates root asymmetry, frequent in bicuspid aortic 
valve (BAV) or genetic aortopathies, which is important to be determined 
since it generates underestimations.146 While 3D echocardiography is a 
potential surveillance alternative in these cases (especially if CMR/CCT 
is limited for serial follow-up), validation studies are lacking.147

In end-diastole, measure the ascending aorta by moving the transducer 
1–2 intercostal spaces up in the parasternal long axis. Echocardiography 
provides information on aortic arch or DTA enlargement, but diagnostic 
certainty (precise measurement of the diameters) is lacking. CCT or 
CMR uses the double-oblique technique to measure aortic diameters, re
porting antero-posterior and perpendicular dimensions for accurate as
sessment.148 It is recommended to report aortic measurements by 
specific segments based on anatomical landmarks and to relate the largest 
diameter to a nearby anatomical structure for reference.

Changes in aortic diameter require a ≥3 mm increase in echocardi
ography, which should be confirmed with CCT/CMR and compared 
with baseline measurements. For accurate assessment, stick to the 
same imaging technique, centre, methodology, and side-by-side 
comparisons.137,140

5.4.2. Normal aortic values
When evaluating aortic dimensions and clinical relevance, consider fac
tors like aortic region, anthropometric measurements, patient history, 
and underlying medical conditions. Factors influencing aortic and per
ipheral artery size in the normal population include age, sex, ethnicity, 
body surface area (BSA), and, particularly, height.149

Body surface area is the most used method to normalize aortic dimen
sions based on an individual’s body size, thus an ascending thoracic aorta 
>22 mm/m2 or a DTA >16 mm/m2 is considered aortic dilatation.150–152

However, extremes of low or high body weight pose limitations. In such 
cases, surgical thresholds may involve indexing aortic diameter by height 
(an aorta height index >32.1 mm/m is associated with a 12% yearly risk 
of aortic adverse events [AAE]),153 aortic cross-sectional area to patient 
height (a ratio ≥10 cm2/m implies reduced long-term survival),154 or aor
tic length (from the aortic annulus to the innominate artery, considering a 
length >11 cm a threshold for surgery).155

To correlate measured diameter with the expected one based on 
age, sex, and body surface, use nomograms or z-score calculation for
mulas, especially in heritable thoracic aortic disease (HTAD). 
Supplementary data online, Figure S1 and Table S2, presents nomo
grams developed for echocardiography, applicable also to CCT 
and CMR.156,157 Calculation of z-scores can be performed following 
these links: https://www.marfan.fr/accueil/z-score-calculus/ or https:// 
marfan.org/dx/z-score-adults/; reference values used for their esti
mation may vary depending on age and other factors. However, 
z-scores are limited by the fact that not all ethnic groups are equally 
represented (mostly white) and over- or underweight can lead to an 
over- or underestimation.158

Moreover, with ageing and loss of elastic properties, the aorta tends 
to enlarge. Aortic growth in adults is about 0.9 mm per 10 years in 
males and 0.7 mm per 10 years in females, which may be influenced 
by BP, physical activity, and genetic factors.

5.4.3. Chest X-ray and electrocardiogram
Chest X-ray obtained for other indications in asymptomatic patients or 
in cases of acute aortic syndrome (AAS) suspicion may detect abnor
malities of aortic size/contour that need to be confirmed by another im
aging technique. It presents limited sensitivity (64%) and specificity 
(86%) in the diagnosis of aortic diseases;162 thus, a normal chest 
X-ray may not rule out the diagnosis of AAS.162–164 On the contrary, 
chest X-ray may identify other causes of chest pain (e.g. pleural effusion 
or pneumothorax).

Electrocardiogram (ECG) might be useful to rule out other causes of 
chest pain (e.g. MI) or AAS complications (coronary occlusion/dissec
tion) but it is not useful for AAS diagnosis.

5.4.4. Echocardiography
It is considered the first-line imaging technique in the evaluation of aor
tic disease, assessing all echocardiographic windows and the aortic 
valve. It provides key anatomic information (i.e. dilatation, atheroscler
otic lesions, or dissection) for the ascending aorta, arch, and AA; how
ever, it is not useful to assess the exact diameters of the aortic arch and 
DTA (requiring confirmation with CCT/CMR). Also, the distal ascend
ing aorta and proximal arch (blind spot) are inadequately visualized due 
to left mainstem bronchus interposition.

Transthoracic echocardiography can identify AAS complications (e.g. 
aortic regurgitation, tamponade, or wall motion abnormalities), but its 
diagnostic accuracy for AAS is limited (sensitivity: 78%–100% for type 
A, 31%–55% for type B). Contrast enhancement improves diagnosis.165

Recommendation Table 3 — Recommendations for 
imaging of the aorta (see also Evidence Table 2)

Recommendations Classa Levelb

It is recommended that aortic diameters are 

measured at pre-specified anatomical landmarks, and 
the largest diameter of the section be perpendicular 

to the longitudinal axis.134,135

I C

It is recommended in cases of serial imaging of the 

aorta over time to use the same imaging modality 

with the same measurement method.159

I C

It is recommended to consider renal function, 

pregnancy, age, and history of allergy to contrast 
media to select the optimal imaging modality with 

minimal radiation exposure and lowest iatrogenic 

risk, except for emergency cases.159–161

I C

Indexing aortic diameters to BSA, along with the use 

of nomograms, z-scores, or other indexing methods, 
should be considered for more accurate assessment 

of aortic size, especially for body sizes at the lower 

end of the normal distribution.156–158

IIa B
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BSA, body surface area. 
aClass of recommendation. 
bLevel of evidence.
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Transoesophageal echocardiography (TOE) is highly accurate (sensitiv
ity: up to 99%, specificity: 89% for AAS), except with absolute contra
indications like oesophageal issues, bleeding, recent gastro-oesophageal 
surgery, or respiratory distress. TOE is convenient for bedside and in
traoperative use but less suitable for long-term surveillance, which re
quires evaluation with CCT/CMR.

5.4.5. Duplex ultrasound imaging of the abdominal 
aorta
After scanning both transversally and longitudinally, the antero- 
posterior (AP) diameter in a cross-sectional view of the AA should 
be measured. Ensure the DUS beam is perpendicular to the AA axis, 
forming a circular vessel section. If the AA is sinuous or dilated, achiev
ing equal AP and transverse diameters may be challenging. In such in
stances, calculate the mean ellipse diameter or measure the AA 
diameter in a clear longitudinal view with a perpendicular diameter 
(Figure 6).122 The outer-to-outer (Figure 6) method is the one 

recommended by the American Institute of Ultrasound in Medicine, 
the American College of Cardiology/American Heart Association 
(ACC/AHA), and the European Society of Cardiology (ESC), since it 
is more reliable in cases of atherosclerotic plaque or intravascular 
thrombus and best correlates with CCT and CMR. However, the 
most effective methodology is under debate and further studies are 
needed to determine the best convention.169

Normal diameters of the AA are reported in Figure 5 and 
Supplementary data online, Section 1.3.

5.4.6. Cardiovascular computed tomography
Cardiovascular computed tomography, due to its quick acquisition, 
wide availability, high reproducibility, and suitability for emergency de
partments, is the primary imaging method for aortic disease diagnosis, 
prognosis, and therapy planning (sensitivity 100%, specificity 98% for 
AAS).170–172 ‘Double or triple rule-out’ protocols concurrently assess 
the aorta, pulmonary, and coronary arteries.173,174

Electrocardiogram triggering is crucial to prevent motion artefacts 
(especially in the aortic root and ascending aorta), which can distort 
measurements or resemble dissection flaps, facilitating coronary artery 
assessment. The standard protocol comprises non-enhanced scans (for 
calcification, IMH, or surgical material), contrast-enhanced CCT angiog
raphy, and a late scan (to visualize contrast leakage or aortic wall late 
enhancement suggestive of inflammation or infection).175

Iodinated contrast agents carry potential allergic reactions and post- 
contrast acute kidney injury (PC-AKI) risks.176 In these cases, opt for 
contrast-free CCT for accurate aortic diameter measurement (also 
for CMR-intolerant patients). Moreover, excessive radiation caution 
is crucial, particularly in young females, when performing CCT for mon
itoring chronic aortic diseases.177

5.4.7. Cardiovascular magnetic resonance
Cardiovascular magnetic resonance comprehensively evaluates the 
aorta, including shape, diameter, tissue characteristics (inflammation, in
fection, atheroma, bleeding),178 lesion extent, side branches, adjacent 
structures, and mural thrombus. It assesses ventricular and valve func
tion, quantifies flow, and employs cine steady-state free precession 
(SSFP) or ECG-gated angio-CMR for the aortic root, while non-gated 
sequences suffice for the rest. Recently, 4D flow sequences179 have 
been developed to evaluate complex intravascular flows,180,181 com
plex flow parameters (wall shear stress, pulse wave velocity, or kinetic 
energy), or flow quantification at different levels in one unique acquisi
tion (useful in AD or congenital diseases).182,183

Cardiovascular magnetic resonance obviates ionizing radiation and 
iodinated contrast (3D contrast CMR), making it ideal for young pa
tients, women, and pregnancy. Caution is warranted, especially with 
non-macrocyclic gadolinium, for estimated glomerular filtration 
rate (eGFR) <30 mL/min/1.73 m² (Supplementary data online, 
Section 1.2). CMR is increasingly used in patients with intracardiac de
vices (pacemakers/implantable cardioverter defibrillators, CMR- and 
non-CMR-compatible devices) with proper monitoring, but not for 
those with cochlear implants or intracranial clips.184,185

In the acute setting, CMR use is limited because of low availability, dif
ficulties in monitoring unstable patients, and longer acquisition 
times.166,186

5.4.8. Positron emission tomography
Positron emission tomography (PET) usually uses 18F-fluorodeoxyglucose 
(FDG), allowing non-invasive assessments of metabolic activity 

Recommendation Table 4 — Recommendations for 
thoracic aortic measurements

Recommendations Classa Levelb

TTE is recommended as the first-line imaging 
technique in evaluating thoracic aortic diseases.159,165 I B

It is recommended to report aortic diameters using 
the leading-to-leading edge convention in 

end-diastole by echocardiography.137,139,140,159

I C

It is recommended to report aortic diameters using 

the inner-to-inner edge convention in end-diastole 

by CCT or CMR.137,143,144,159

I C

It is recommended to report aortic diameters from 

images obtained with the double-oblique technique 
(not axial images) by CCT or CMR.148

I C

ECG-triggered CCT is recommended for 
comprehensive diagnosis, follow-up, and pre-invasive 

treatment assessment of the entire aorta, particularly 

the root and ascending aorta.159

I C

CMR is recommended for diagnosis and follow-up of 

thoracic aortic diseases, especially when chronic 
follow-up is required.166–168

I C

The aortic root should be measured using the 
cusp-to-cusp distance. Also, the presence of 

asymmetry (>5 mm) among distances should be 

reported.137,146

IIa C

If an increase of ≥3 mm per year in aortic diameters 

by TTE is observed, confirmation by CCT/CMR 
should be considered.137,159

IIa C

Chest X-ray may be considered in cases of low 
clinical probability of AAS; however, a negative 

exploration should not delay dedicated aortic 

imaging in high-risk patients.162–164

IIb C
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AAS, acute aortic syndrome; CCT, cardiovascular computed tomography; CMR, 
cardiovascular magnetic resonance; ECG, electrocardiogram; TTE, transthoracic 
echocardiography. 
aClass of recommendation. 
bLevel of evidence.
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(inflammation/infection) and treatment response.187,188 Although differ
ent tracers have been tested to identify calcification, fibrosis and/or 
thrombus formation, most PET studies have focused on vasculitis.

The relationship between FDG-PET images and AAA progression is 
controversial. However, fluorine-18–sodium fluoride (18F–NaF) 
PET-computed tomography (PET-CT), a marker of active vascular cal
cification and high-risk plaques, has shown a correlation between in
creased tracer uptake, AAA growth, and CV events.189

PET-CT has shown better diagnostic accuracy in identifying lesions 
and detecting graft infection or infectious aortic diseases.190–193 High 
radiation exposure, high costs, and limited availability are the main lim
itations of PET.

5.4.9. Intravascular ultrasound
Intravascular ultrasound (IVUS) provides high-resolution imaging for ar
tery and vein diseases, aiding complex aortic disease management by 
distinguishing true and false lumens and guiding stent placement. It is 
operator-dependent, costly, and less accessible, but seems to provide 
better measurements for acute aortic syndromes.194

5.4.10. Digital subtraction aortography
Non-invasive imaging modalities have replaced DSA in first-line 
diagnostic testing, both in suspected AAS or known chronic AD; 
however, DSA might be useful if findings in non-invasive techniques 
are ambiguous or incomplete. It is primarily used for the percutan
eous treatment of CAD, aortic visceral branches, or for monitoring 
thoracic endovascular aortic aneurysm repair (TEVAR/EVAR) 
implantation.

6. Screening for carotid, 
peripheral arterial, and aortic 
diseases
6.1. Screening for carotid and peripheral 
arterial diseases
6.1.1. Lower-extremity peripheral arterial disease
Due to elevated CV risk in chronic PAD, early diagnosis, preven
tion, and robust cardiovascular risk factor (CVRF) control are es
sential, even in asymptomatic cases. ‘Intermediary CV risk’ 
individuals may be reclassified as ‘high or very high risk’, prompting 
adapted prevention. ABI is the preferred first-line test for asymp
tomatic individuals aged ≥65 years,14,195 especially women.196

Screening might also be beneficial at a younger age in case of 
CVRFs, but data are still lacking. Clinical examination, functional 
status, and walking capacity assessment are recommended to de
tect ‘masked PAD’.77

In diabetes, early PAD (and foot neuropathy) diagnosis is crucial. 
Effective CVRF management and treatment can prevent CV disease, 
foot wounds, and amputation.197 In patients with diabetes and normal 
resting ABI, TBI measurement should be considered.

The prevalence of popliteal aneurysms (PAs) is high in patients with 
AAA and subaneurysmal aortic dilatation, warranting screening. PAs 
are correlated with iliac and femoral artery diameters.76 In patients 
needing transfemoral access, screening for iliofemoral artery disease 
may be considered.198

6.1.2. Carotid artery stenosis
Due to the low prevalence of ≥70% asymptomatic carotid artery 
stenosis (CS) in the general population (0%–3.1%), widespread 
screening is not recommended since it does not reduce stroke 
risk and might lead to inappropriate stress and invasive proce
dures.199,200 Conversely, screening for significant CS in a highly se
lected population might be cost-effective, especially if prevalence is 
≥20% (Table 6).201 When the degree of asymptomatic CS is ≥70%, 
the 5 year ipsilateral stroke risk is significantly increased (14.6%) and 
revascularization may be beneficial.202 Selective screening aims to 
prevent CV events, rather than identifying candidates for an 
intervention.203

6.1.3. Multisite artery disease
Multisite artery disease (MAD) is defined as the presence of athero
sclerosis in two or more vascular beds.204 This is a common condition 
in patients with atherosclerotic diseases. Although associated with 
worse clinical outcomes, screening for asymptomatic disease in add
itional vascular sites did not seem to improve outcomes.77 More re
cently, screening for coronary calcifications (coronary artery calcium 
[CAC] score) and screening for carotid and femoral plaques have 

Table 6 High-risk populations for carotid artery 
stenosis

Population Prevalence of carotid stenosis 
(%)

>60 years + CVRFs (hypertension, 

CAD, current smoking, 

first-degree family history of 
stroke)210

Two CVRFs: 14% 

Three CVRFs: 16% 

Four CVRFs: 67%

Hypertension + cardiac disease211 22%

HD212 • In HD patients, prevalence of 

carotid stenosis is high, and is 
associated with high 

peri-operative and long-term 

stroke or death rates
• Carotid stenosis is a predictor of 

death in patients with long-term 

dialysis and aged ≥70 years at time 
of surgery

• Lower risk if previous renal 

transplant.

PAD213 23.2%

Severe CAD (before CABG) • Almost 20%214

• Carotid bruit and T2DM: 

increased predictive value215

• Carotid stenosis = risk factors for 

peri-operative stroke.215

Carotid bruit216 31%

Previous neck irradiation217 21.7% (70%–99% stenosis) ©
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CABG, coronary artery bypass grafting; CAD, coronary artery disease; CVRFs, 
cardiovascular risk factors; HD, haemodialysis; PAD, peripheral arterial disease; T2DM, 
type 2 diabetes mellitus.
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been shown to be of potential assistance in CV risk reclassification of 
‘presumed moderate-risk patients’ into a higher-risk category, leading 
to more aggressive prevention strategies.205–209

6.2. Screening for aortic diseases
6.2.1. Screening for abdominal aortic aneurysm
Abdominal aortic aneurysm screening by DUS is effective in reducing 
rupture-related mortality in populations with high AAA prevalence (es
pecially male smokers aged ≥65 years).221–224 However, no such effect 
has been found in a single large study in which AAA prevalence was low 
(current or former smoking women aged 65–74 years, or with a history 
of CAD).225

Screening for AAA by non-contrast computed tomography (CT) 
was not found to be effective over 5 years in males aged 65–74 years 
in a Danish trial.226 Longer-term follow-up is planned, and as the tech
nique involves ionizing radiation, no recommendation is made in rela
tion to CT at present.

Screening may be considered in populations at intermediate risk, 
such as men aged >75 years, or women aged >75 years who are hyper
tensive, smokers, or both, since almost all women in a contemporary 
population-based study who had ruptured AAA and were aged 
>75 years were either smokers or hypertensive.227,228

Screening for AAA is recommended in first-degree relatives (FDRs) of 
patients with AAA (especially siblings), as they are at increased risk of 
AAA when >50 years of age.229 The risk associated with family history 
is uncertain, but a population-based study estimated a relative risk of 
around 2.230 Screening should be repeated periodically if initial assessment 
is reassuring and performed at a relatively young age.231

Opportunistic screening (during TTE) identified AAA in about 2% of 
subjects, thus it may be considered in high-prevalence populations 
(males ≥65 or women ≥75 years of age).232 Additionally, opportunistic 
screening detects AAA in patients with symptomatic/asymptomatic 
PAD (with a 12% cumulative incidence in symptomatic PAD), making 
it worthwhile in this population.233

6.2.2. Screening for thoracic aortic aneurysm
Screening for TAA is described in detail in Section 10.1 and Section 10.2.

7. Optimal medical treatment
Optimal medical treatment (OMT), including lifestyle measures and 
pharmacological treatment, is recommended for all patients with 
PAAD (Figure 7).

7.1. Lifestyle, exercise, patient education
Apart from genetic-related TAA, hypertension and ASCVD are the 
main causative factors for PAAD. As lifestyle factors are strongly re
lated to ASCVD,11 patients with PAAD should strive to maintain a 
healthy lifestyle. The 2021 ESC Guidelines on cardiovascular prevention19

give comprehensive guidance on risk factors for ASCVD and their 
treatment.

7.1.1. Diet
A Mediterranean diet rich in legumes, dietary fibre, nuts, fruits, and 
vegetables proves crucial and efficacious for primary and CV pre
vention in PAAD.238 It has demonstrated notable reductions in chol
esterol and BP,239–247 and holds potential protective benefits against 
PAAD development.248,249 In a large cohort with 17.5 years of 
follow-up, adherence to a Mediterranean diet was associated with 
reduced AAA risk in current and ex-smokers.249,250 Malnutrition 
and metabolic disorders can complicate post-invasive procedure re
covery and nutritional support may improve nutritional status and 
HRQoL.251

Recommendation Table 5 — Recommendations for 
peripheral arterial disease screening (see also Evidence 
Table 3)

Recommendations Classa Levelb

In patients with diabetes or chronic kidney disease, 

and normal resting ABI, TBI measurement should be 

considered.

IIa B

In patients ≥65 years of age with CVRFs, screening 

for PAD by ABI or TBI should be considered.77,218,219 IIa C

In patients with AAA, femoro-popliteal aneurysm 

screening with DUS should be considered.76 IIa C

In patients ≥65 years without CVRFs, screening for 

PAD by ABI or TBI may be considered.220 IIb C

In patients needing intervention with transfemoral 

access, screening for iliofemoral artery disease may 
be considered.198

IIb C

In patients with two or more CVRFs, screening for 
CS may be considered.201,203,210 IIb C
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AAA, abdominal aortic aneurysm; ABI, ankle–brachial index; CS, carotid artery stenosis; 
CVRFs, cardiovascular risk factors; DUS, duplex ultrasound; PAD, peripheral arterial 
disease; TBI, toe–brachial index. 
aClass of recommendation. 
bLevel of evidence.

Recommendation Table 6 — Recommendations for 
abdominal aortic aneurysm screening

Recommendations Classa Levelb

Screening for AAA with DUS:

Is recommended in men aged ≥65 years with a 

history of smoking to reduce the risk of death from 

ruptured AAA.221–224,234

I A

May be considered in men aged ≥75 years 

(irrespective of smoking history) or in women aged 
≥75 years who are current smokers, hypertensive, 

or both.227,228,235–237

IIb C

Family AAA screening with DUS:

Is recommended for FDRs of patients with AAA aged 

≥50, unless an acquired cause can be clearly 

identified.231

I C

Opportunistic AAA screening with DUS:

Should be considered in symptomatic/asymptomatic 

PAD patients.233 IIa B

Should be considered in men aged ≥65 years and in 

women aged ≥75 years during TTE.232 IIa B
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AAA, abdominal aortic aneurysm; FDR, first-degree relative; DUS, duplex ultrasound; PAD, 
peripheral arterial disease; TTE, transthoracic echocardiography. 
Smoking is defined as lifetime smoking of >100 cigarettes or equivalent. This threshold is 
used to distinguish between substantial exposure and occasional use. 
aClass of recommendation. 
bLevel of evidence.
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7.1.2. Physical activity
Few patients with chronic symptomatic PAD meet the physical activity guide
lines252 for reducing the risk of major adverse cardiac events (MACE).253,254

Better ambulation, HRQoL, and vascular outcomes have been observed in 
patients meeting the physical activity time-intensity guidelines.19,255 Regular 

physical activity is also relevant in patients with aortic diseases70,71,256–259

and lowers resting heart rate and BP, thus decreasing the risk of aortic com
plications.256,259 Few data exist on the practice of exercise and sports in pa
tients with aortic diseases.70,71,256–259 Recommendations should be 
individualized and based on risk stratification.71

Medications

Lifestyle

Targets

Targets

Systolic blood pressure
≤120–129 mmHg

Beta-blockers

ACEi or ARB

Calcium channel blockers

Antiplatelet therapy

Statins

Ezetimibe

PCSK9i

Bempedoic acid

Reducing risk of atherothrombosis

Optimal glucose control (HbA1c <7%)

Educational programmes

Psychological support

Genetic counselling

Supervised exercise training

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

Healthy diet

BMI 20–25 kg/m2

Waist: <94 cm men; <80 cm women

Low-to-moderate exercise training

Limit isometric exercise in
aortic diseases

Avoid excessive alcohol intake

Avoid smoking/smoking cessation

Avoid cocaine and stimulating drugs

Glucose-lowering agents

Diastolic blood pressure 
≤70–79 mmHg

Anticoagulants

Figure 7 Cardiovascular risk modification and healthy lifestyle interventions and targets in patients with peripheral arterial and aortic diseases. ACEi, 
angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; BMI, body mass index; LDL, low-density lipoprotein; PCSK9i, proprotein 
convertase subtilisin/kexin type 9 inhibitor; HbA1c, glycated haemoglobin.
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7.1.3. Smoking
Patients with PAAD who smoke should strongly be advised to quit (see 
Supplementary data online, Section 1.1.5). Complete smoking cessation 
and avoiding second-hand smoke or environmental particle air pollu
tion are crucial in patients with PAAD to reduce the risk of death, 
AD, acute mesenteric ischaemia (AMI), AAA, and PAD.119,260–267

Smokers should be offered structural follow-up support, including nico
tine replacement therapy, varenicline, and bupropion, individually or in 
combination.19,268,269 Smoking avoidance also includes cannabis, asso
ciated with premature ASCVD.266

Vaping and e-cigarette use has surged in the past decade, viewed by 
some as a healthier option than smoked tobacco, though long-term 
health effects remain unknown.270 E-cigarettes may be considered as 
an aid to quit tobacco smoking, as a recent Cochrane review found 
that they increase quit rates as compared with nicotine replacement 
therapy,271 but their use has been associated with adverse effects on 
CV, respiratory, immunological, and periodontal health compared with 
non-users, but with a milder impact than smoked cigarettes.272–274

However, their use should be brief and preferably not concurrent with 
traditional cigarettes.271,275

The main limitation of the evidence base remains imprecision due to 
the small number of randomized controlled trials (RCTs), often with 
low event rates and follow-up limited to 2 years.

7.1.4. Patient education
While detailed explanations of CVRFs might not always inspire lifestyle 
changes,276 providing plain language and visual aids is essential for pa
tient understanding.277 Structured programmes, incorporating psycho
logical and behavioural aspects, are pivotal in fostering desired 
changes.276 Engaging patients’ families, friends, and support networks 
significantly contributes to perpetuating these changes (particularly in 
self-care),276 and increases treatment compliance and self-efficacy, re
ducing hospitalization risk and enriching patient HRQoL.278,279 When 
caregivers disconnect from healthcare professionals, they should be re
cognised to receive better support systems.280,281 Psychosocial inter
ventions are crucial to navigating complexities with resilience.282

Advocating active involvement, education, clear communication, and 
shared decision-making is key for achieving optimal patient out
comes.276–283

7.1.5. Risk scoring models in secondary prevention
Recent ESC CV prevention guidelines discuss risk models for develop
ing vascular disease in healthy individuals and ASCVD patients.19

Several registries enabling risk prediction in ASCVD have been 
developed: REACH (The REduction of Atherothrombosis for 
Continued Health)284 and SMART (Secondary Manifestation of 
ARTerial disease)285 which use clinical parameters such as medical his
tory, SBP, and common biomarkers. Addition of carotid ultrasound 
did not improve the model.286 A new algorithm combining the 
SMART and REACH models287 enables calculation of lifetime risk 
and treatment effects. The SMART model has recently been updated 
and validated288,289 with the SMART-2 algorithm. These tools are avail
able online as clinical risk calculators (see www.u-preveotnt.com) and 

smartphone apps on the ESC website (https://www.escardio.org/ 
Education/ESC-Prevention-of-CVD-Programme/Risk-assessment/SMART- 
Risk-Score).

Recommendation Table 7 — Recommendations for 
lifestyle, physical activity, and patient education (see 
also Evidence Table 4)

Recommendations Classa Levelb

In patients with PAAD, cessation and abstinence from 

smoking of any kind is recommended to reduce the 
risk of AD, MI, death, and limb ischaemia.119,261–267

I A

A healthy diet rich in legumes, dietary fibre, nuts, 
fruits, and vegetables, with a high flavonoid intake 

(Mediterranean diet), is recommended for CV 

disease prevention in patients with PAAD.239– 

241,249,290–293

I A

Low- to moderate-intensity (or high if tolerated)c 

aerobic activities are recommended in patients with 

PAD to increase overall and pain-free walking 

distance.37,294

I A

In patients with PAAD, behavioural counselling to 

promote healthy diet, smoking cessation, and 
physical activity is recommended to improve the CV 

risk profile.241,249,253,295

I B

It is recommended to promote patient and 

caregivers’ education and empowerment through 

tailored guidance on lifestyle adjustments and the 
importance of regular physical activity.276,277,283

I C

In patients with PAAD, avoidance of exposure to 
second-hand smoke and air pollution should be 

considered.261

IIa C

Physical exercise and sports activities should be 

considered in patients with aortic diseases based on 

prior risk stratification (based on the extent of the 
aneurysm, risk of dissection, and BP control).71

IIa C

Use of web- or app-based secondary prevention risk 

calculators should be considered in the shared 

decision-making to improve patient adherence to 
treatment and lifestyle changes.288,289

IIa C

E-cigarettes may be considered as an aid to quit 
tobacco smoking, but it is advisable to limit their use 

and avoid simultaneous use with conventional 

cigarettes due to unknown long-term 
effects.119,271,296,297

IIb C
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AD, aortic dissection; BP, blood pressure; CV, cardiovascular; MI, myocardial infarction; 
PAAD, peripheral arterial and aortic diseases; PAD, peripheral arterial disease. 
aClass of recommendation. 
bLevel of evidence. 
cLow intensity refers to an exercising heart rate (HR) of 57%–63% HRmax or a rate of 
perceived exertion (RPE) on the Borg’s scale of 9–11. Moderate intensity refers to an 
exercising heart rate of 64%–76% HRmax or RPE of 12–13. Vigorous intensity refers to 
an exercising heart rate of 77%–95% HRmax or RPE of 14–17.298
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7.2. Principles of pharmacological medical 
therapy
7.2.1. Antithrombotic therapy
Antithrombotic therapy is crucial for patients with symptomatic PAAD at 
high CV risk. While trials are fewer than in CAD, recent evidence should 
guide practice. In the absence of specific indications for chronic oral antic
oagulation (OAC) in concomitant CV disease, a single antiplatelet agent is 
the primary long-term treatment for patients with symptomatic PAAD. 
Combining it with another antiplatelet agent or low-dose anticoagulants 
depends on the patient’s ischaemic and bleeding risk, as well as therapeutic 
paths (e.g. endovascular therapy). Recent guidelines299 propose a tool for 
bleeding risk assessment in PAD patients (OAC3 PAD score).

Antithrombotic strategy is detailed in Sections 8 and 9 for each arter
ial territory.

7.2.2. Antihypertensive therapy
New 2024 ESC Guidelines on hypertension are currently published and 
should be reviewed for further details.300 Patients with hypertension 
and PAAD are considered to have target organ damage and are at 
high CV risk.300

Different meta-analyses showed that systolic BP treatments reduce 
CV risk in all ages up to 85 years down to a level of 120– 
129 mmHg.301,302 There is no need to increase the BP target in healthy 
patients up to the age of 85 years.303,304 To reduce cardiovascular disease 
(CVD) risk, it is recommended that treated SBP values in most adults be 
targeted to 120–129 mmHg, provided the treatment is well tolerated. 
However, in cases where BP-lowering treatment is poorly tolerated 
and achieving an SBP of 120–129 mmHg is not possible, it is recom
mended to target an SBP level that is ‘as low as reasonably achievable’ 
(ALARA principle).301,302,305 To avoid overtreatment, out-of-office BP 
measurements may be helpful when pursuing this target.

If on-treatment SBP is on target, but diastolic blood pressure (DBP) 
is ≥80 mmHg, intensified treatment may be considered to further re
duce the CV risk.306

Because the CVD benefit of an on-treatment BP target of 120– 
129 mmHg may not generalize to some groups, setting personalized 
and more lenient BP targets (e.g. <140/90 mmHg) has to be considered 
in patients with pre-treatment orthostatic hypotension, age ≥85 years, 
clinically significant frailty at any age, or a limited lifespan (<3 years).301

Patients with both PAAD and hypertension face a high or very high 
CV risk. Antihypertensive medications such as diuretics, beta-blockers 
(BBs), calcium channel blockers (CCBs), angiotensin-converting en
zyme inhibitors (ACEIs), and angiotensin receptor blockers (ARBs) 
are all appropriate options for managing hypertension in PAAD. 
These agents can be used as monotherapy or in various combinations 
(excluding ARBs+ACEIs), considering individual patients’ conditions. It 
is often necessary to implement combination therapy, preferably in 
the form of a single pill, to effectively achieve the recommended treat
ment goals. However, ACEIs or ARBs should be considered as first-line 
antihypertensive therapy to reduce CV events.300,307–312

Regardless of BP levels and in the absence of contraindications, 
ACEIs/ARBs may be considered in all patients with PAD to reduce car
diovascular events.312,313 A meta-analysis suggests that antihypertensive 
treatment may improve mean walking distance in patients with PAD.310

Beta-blockers can be prescribed, if necessary, to patients with inter
mittent claudication, since they do not worsen walking capacity or limb 
events.314 There is some evidence suggesting a higher amputation 

rate315 or increased rate of re-intervention316 in patients with CLTI 
treated with ACEIs, although in one smaller study no effect on 
limb-related outcomes was observed.317 Thus, they remain a treatment 
option in hypertensive patients with PAD, especially in those with con
comitant CAD.318 BBs were not associated with worsened clinical out
comes in a retrospective study319 on CLTI patients, but it seems 
prudent to avoid excessively low heart rates in these patients.

7.2.2.1. Renovascular hypertension
Angiotensin-converting enzyme inhibitors and ARBs effectively manage 
unilateral renal artery stenosis (RAS) by blocking the renin–angiotensin 
system, potentially reducing renal capillary perfusion pressure.320–322

This transiently lowers glomerular filtration rate (GFR) and raises ser
um creatinine. For bilateral RAS, regular follow-up assessments of renal 
function and kidney perfusion are advised.

Angiotensin-converting enzyme inhibitors and ARBs additionally 
(combined with hydrochlorothiazide and/or CCBs if needed) contrib
ute to CV risk reduction in patients with atherosclerotic disease and re
duced eGFR.307,323,324

Recommendation Table 8 — Recommendations for 
antihypertensive therapy in patients with peripheral 
and aortic disease

Recommendations Classa Levelb

In patients with PAAD and hypertension an SBP 

target towards 120–129 mmHg, if tolerated, is 
recommended.301–305,325

I A

In unilateral RAS patients, it is recommended that 
antihypertensive medication include ACEIs/ 

ARBs.307,320–323

I B

In patients with PAAD and hypertension, ACEIs or 

ARBs should be considered as first-line 

antihypertensive therapy.307,312

IIa B

In RAS-related hypertension, the combination of 
ACEIs/ARBs with diuretics and/or calcium channel 

blockers should be considered.324

IIa B

An individualized, more lenient BP goal (e.g. <140/ 

90 mmHg) should be considered in:301

• Age ≥85 years
• Residential care

• Symptomatic orthostatic hypotension

IIa C

An individualized, more lenient BP goal (e.g. <140/ 

90 mmHg) may be considered in:301

• Clinically severe frailty at any age
• Limited life expectancy (<3 years)

IIb C

In patients with bilateral RAS, antihypertensive 
medication including ACEIs/ARBs may be considered 

if close patient monitoring (renal function) is 

feasible.321

IIb B

ACEIs/ARBs may be considered in all patients with 

PAD, regardless of BP levels, in the absence of 
contraindications.312,313

IIb B

Continued 
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7.2.3. Lipid-lowering therapy
Patients with symptomatic PAAD are at very high CV risk but are usually 
inadequately managed compared with patients with CAD.5,247,326–332

Both LDL-C reduction by ≥50% from baseline and an LDL-C goal of 
<1.4 mmol/L (<55 mg/dL) are recommended to obtain a reduction in 
CV death, MI, and stroke, and to improve walking distance.242,333–336

7.2.3.1. Statins
Statins demonstrate mortality and CV event reduction in RCTs for 
PAD, CS, and severe aortic arch plaques.243–245 Even in advanced dis
ease stages, they are linked to lower MACE and mortality.246

Statins significantly improve CV outcomes in patients with PAD, redu
cing major adverse limb events (MALE).244,327–329,337,338 Meta-analyses 
show enhanced walking distances.244,338,339

For CS, statin pre-treatment lowers recurrent stroke risk post- 
transient ischaemic attack (TIA).19,340–343 While lacking RCTs in reno
vascular or visceral artery disease, statins benefit cardiorenal events and 
post-RAS stenting prognosis.344–346

Mixed evidence suggests statins may mitigate AAA and TAA 
growth.347–352 However, since most patients with AAA or TAA pre
sent with associated CVRFs, liberal use of lipid-lowering treatment19

should be considered, using an individualized approach with shared 
decision-making and considering residual CV risk.353 Pre-operative sta
tin use links to increased 5 year survival after TEVAR.19

Statin use was associated with a mean AAA growth rate reduction 
and a lower rupture risk.347–349,352,354

Some evidence suggests that statins may reduce TAA growth rate 
and risk of rupture.350,351,355

No benefit on AAA or TAA growth rate was shown with fenofibrate 
therapy.356,357

7.2.3.2. Ezetimibe
Ezetimibe combined with statins benefits selected patients with 
PAAD, particularly when the target LDL-C level is not met.335 In 
an IMProved Reduction of Outcomes: Vytorin Efficacy International 
Trial (IMPROVE-IT) subanalysis, involving acute coronary syndrome 
(ACS) patients with PAD, ezetimibe consistently reduced CV risk, espe
cially in high-risk subgroups.247,331

7.2.3.3. Proprotein convertase subtilisin/kexin type 9 inhibitors
Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, in addition 
to statins, reduce CV events in symptomatic atherosclerotic disease patients 
with LDL-C ≥1.8 mmol/L.336 Adding them to statins further reduces MACE 
and MALE risk in patients with PAD and improves walking distance;333 how
ever, their potential in TAA/AAA is an emerging area of research.247

Inclisiran, administered semi-annually, has proved a notable 26% 
MACE risk reduction in a pooled phase III analysis,358 but its role in 
PAAD is not firmly established and ongoing RCTs including PAD parti
cipants (e.g. ClinicalTrials.gov NCT05030428) aim to provide insights.

7.2.3.4. Bempedoic acid
Bempedoic acid, acting upstream of statins in cholesterol metabolism, 
has been shown to reduce cholesterol levels by 17%–28%359,360 and 
demonstrated a decrease in the incidence of MACE in statin-intolerant 
PAD patients.361 However, its impact on aortic diseases and AAA still 
requires further research.

7.2.3.5. Hypertriglyceridaemia
Beyond LDL-C, evidence shows insulin resistance, elevated triglycer
ides, and remnant lipoproteins are associated with ASCVD, particularly 
in PAD.362–365 However, in a meta-analysis and an RCT, fibrates 
showed no benefit over placebo in reducing MACE in patients with 
PAD for a composite outcome of non-fatal stroke, non-fatal MI, and 
vascular death.366 Fibrates showed no benefit over placebo in reducing 
coronary and cerebrovascular events in patients with PAD in an 
RCT.367 While the relationship between triglycerides and aortic dis
eases is complex and not fully understood, some evidence suggests 
that triglyceride levels may contribute to the development and progres
sion of aortic diseases.

In contrast, icosapent ethyl (IPE) demonstrated a reduction 
in mortality and morbidity among individuals with hypertrigly
ceridaemia in the Reduction of Cardiovascular Events With 
Icosapent Ethyl–Intervention Trial (REDUCE-IT).368 Its impact 
on patients with PAAD is unexplored,369 although a small pilot 
RCT suggested an improved ABI in hyperglycaemic haemodialysis 
patients.370

In cases where on-treatment SBP is at or below 

target (120–129 mmHg) but DBP is not at target 

(≥80 mmHg), intensifying BP-lowering treatment to 
achieve an on-treatment DBP of 70–79 mmHg may 

be considered to reduce CVD risk.306

IIb C
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ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BP, 
blood pressure; CVD, cardiovascular disease; DBP, diastolic blood pressure; PAAD, 
peripheral arterial and aortic diseases; PAD, peripheral arterial disease; RAS, renal artery 
stenosis; SBP, systolic blood pressure. 
aClass of recommendation. 
bLevel of evidence.

Recommendation Table 9 — Recommendations for 
lipid-lowering therapy in patients with peripheral 
arterial and aortic diseases

Recommendations Classa Levelb

In patients with atherosclerotic PAAD, lipid-lowering 

therapy is recommended.242,334–336 I A

An ultimate LDL-C goal of <1.4 mmol/L (55 mg/dL) 

and a >50% reduction in LDL-C vs. baseline are 
recommended in patients with atherosclerotic 

PAAD.19,242,246,300,335

I A

Statins are recommended in all patients with 

PAD.328,329,337,371 I A

If the target LDL-C level is not achieved on maximally 

tolerated statins and ezetimibe, treatment with a 

PCSK9 inhibitor is recommended in patients with 
atherosclerotic PAAD, to achieve target 

values.372,373

I A

If the target LDL-C level is not achieved, a 

combination of statins and ezetimibe is indicated in 

patients with atherosclerotic PAAD, to achieve the 
given target values.247

I B

For statin-intolerant patients with atherosclerotic 
PAAD, at high CV risk, who do not achieve their 

LDL-C goal on ezetimibe, it is recommended to add 

bempedoic acid either alone or in combination with a 
PCSK9 inhibitor.361

I B

Statins for the reduction of growth and rupture of 

AAA should be considered.347–349,352,354 IIa B

Continued 
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7.2.4. Diabetes and pre-diabetes conditions
Screening for diabetes or pre-diabetes is recommended in PAAD. Recent 
ESC Guidelines on diabetes and CVD374 provide detailed diagnostic cri
teria and underscore the importance of diagnosing diabetes in ASCVD pa
tients and vice versa. Both Type 1 (T1DM) and Type 2 (T2DM) diabetes 
mellitus imply significantly increased risk of PAD, carotid stenosis, and 
polyvascular disease, depending on disease duration and the status 
of other CVRFs. Diabetes is present in 30% of patients with IC and 
50%–70% of those with CLTI.375,376 Although the prevalence of PAD 
in patients with diabetes is 20%–30%, only half of them are symptomatic 
because of peripheral neuropathy with decreased pain sensitivity.377 As 
already detailed in Section 4, diabetes implies reduced risk of TAA, 
AAA, or aortic dissection. However, patients with T2DM and PAAD 
are in the very high-risk group for stroke, MI, and CV death,374 and for 
T1DM, an online risk prediction tool has recently been developed.377–380

For non-pregnant PAAD patients, aiming for an HbA1c level of 
<53 mmol/mol (7%) to avoid significant hypoglycaemia is appropriate. 
Consider a higher threshold (<69 mmol/mol [8.5%]) for limited life ex
pectancy or when treatment risks outweigh benefits.374

In PAAD, it is recommended to aim for tight glycaemic control, pref
erably with agents with proven CV benefits such as sodium-glucose 
co-transporter-2 inhibitors (SGLT2i) and glucagon-like peptide-1 re
ceptor agonists (GLP-1RA), adding metformin and other glucose- 
lowering agents as necessary.374,381–384

The Liraglutide Effect and Action in Diabetes: Evaluation of 
Cardiovascular Outcome Results (LEADER) trial and Trial to Evaluate 
Cardiovascular and Other Long-term Outcomes with Semaglutide 
in Subjects with Type 2 Diabetes (SUSTAIN-6) investigated subcutane
ous GLP-1RAs liraglutide (≤1.8 mg/day) and semaglutide (0.5 or 
1.0 mg/week), respectively, vs. placebo in T2DM patients with high CV 
risk. Overall, 12.7% of patients in LEADER and 14.0% in SUSTAIN-6 pre
sented with PAD at baseline. Although non-statistically significant due to 
a lack of power, the effects on MACE showed a consistently beneficial 
trend in PAD: liraglutide (hazard ratio (HR), 0.77; 95% confidence interval 
(CI), 0.58–1.01) and semaglutide (HR, 0.61; 95% CI, 0.33–1.13).381

The (Empagliflozin) Cardiovascular Outcome Event Trial in Type 2 
Diabetes Mellitus Patients (EMPA-REG OUTCOME) investigated the 
SGLT2i empagliflozin (10 mg or 25 mg per day) vs. placebo in patients 
with T2DM and high CV risk. Overall, 20.8% of patients presented 
with PAD at baseline. In these patients, empagliflozin reduced CV death 
(HR, 0.57; 95% CI, 0.37–0.88) and all-cause mortality (HR, 0.62; 95% CI, 
0.44–0.88), and there was a non-significant reduction in limb amputa
tion: 5.5% with empagliflozin vs. 6.3% with placebo (HR, 0.84; 95% CI, 
0.54–1.32).382 In the Canagliflozin Cardiovascular Assessment Study 
(CANVAS)385 investigating canagliflozin, there was an increased risk of 
amputation, but this was not confirmed in the Canagliflozin and Renal 
Events in Diabetes with Established Nephropathy Clinical Evaluation 

(CREDENCE) trial investigating canagliflozin in patients with T2DM 
and chronic kidney disease (CKD).386 Still, the use of other SLGT2is 
seems reasonable in PAD patients.

Patients with carotid stenosis were included in trials testing GLP-1RA 
and SGLT2i, but no analysis on this subpopulation was performed. A 
meta-analysis of eight trials investigating GLP-1RAs vs. placebo in pa
tients with T2DM reported a reduction in all strokes (HR, 0.84; 95% 
CI, 0.75–0.93).387 Among patients with T2DM and prior history of MI 
or non-fatal stroke, GLP-1RAs reduced the incidence of recurrent 
MACE (HR, 0.86; 95% CI, 0.8–0.92).388 SGLT2is do not appear to re
duce stroke in patients with T2DM, but patients with a stroke history 
experienced similar cardiorenal benefits as the rest of the population.389

Before the era of GLP-1RAs and SGLT2is, different studies (United 
Kingdom Prospective Diabetes Study [UKPDS] 34390 and 
Hyperinsulinaemia: the Outcomes of its Metabolic Effects [HOME] 
trials391) showed that metformin reduced the risk of MALE and 
MACE in patients with PAD.391,392 But a recent study with GLP-1RA 
dulaglutide found the same risk reduction in MACE between patients 
with and without baseline metformin, calling into question its add-on 
value.384,393 However, there are studies suggesting that metformin 
may reduce AAA growth (see Section 9.2.4).

Statins for the reduction of growth and rupture of 

TAA may be considered.350,351,355 IIb B

In high-risk patients with PAAD and triglycerides 

>1.5 mmol/L despite lifestyle measures and statin 

therapy, icosapent ethyl 2 g b.i.d. may be considered 
in addition to a statin.368

IIb B

Fibrates are not recommended for cholesterol 
lowering.367 III B
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AAA, abdominal aortic aneurysm; b.i.d., twice daily; CV, cardiovascular; LDL-C, low-density 
lipoprotein cholesterol; PAAD, peripheral arterial and aortic diseases; PAD, peripheral 
arterial disease; PCSK9, proprotein convertase subtilisin/kexin type 9; TAA, thoracic 
aortic aneurysm. 
aClass of recommendation. 
bLevel of evidence.

Recommendation Table 10 — Recommendations for 
the medical management of patients with peripheral 
arterial and aortic diseases and diabetes

Recommendations Classa Levelb

It is recommended to apply tight glycaemic control 
(HbA1c <53 mmol/mol [7%]) to reduce microvascular 

complications in patients with PAAD.374,394–397

I A

SGLT2i with proven CV benefit are recommended 

in patients with T2DM and PAAD to reduce CV 

events, independent of baseline or target HbA1c 
and concomitant glucose-lowering 

medication.382,386,398–402

I A

GLP-1RAs with proven CV benefit are 

recommended in patients with T2DM and PAAD to 

reduce CV events, independent of baseline or target 
HbA1c and concomitant glucose-lowering 

medication.381,403–407

I A

It is recommended to avoid hypoglycaemia in 

patients with PAAD.374,408–412 I B

It is recommended to individualize HbA1c targets 

according to comorbidities, diabetes duration, and 

life expectancy.408,411

I C

It is recommended to prioritize the use of 

glucose-lowering agents with proven CV benefits,c,d 

followed by agents with proven CV safety,e over 

agents without proven CV benefit or safety.374

I C

If additional glucose control is needed, metformin 

should be considered in patients with T2DM and 

PAAD.374,384,393

IIa B
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CV, cardiovascular; GLP-1RAs, glucagon-like peptide-1 receptor agonists; HbA1c, glycated 
haemoglobin; PAAD, peripheral arterial and aortic diseases; SGLT2i, sodium-glucose 
co-transporter-2 inhibitors; T2DM, type 2 diabetes mellitus. 
aClass of recommendation. 
bLevel of evidence. 
cEmpagliflozin, canagliflozin, dapagliflozin, sotagliflozin. 
dLiraglutide, semaglutide subcutaneous, dulaglutide, efpeglenatide. 
eMetformin, pioglitazone, dipeptidyl peptidase 4 (DPP-4) inhibitor (sitagliptin, alogliptin, 
linagliptin), glimepiride, gliclazide, insulin glargine, insulin degludec, ertugliflozin, 
lixisenatide, exenatide (extended release), oral semaglutide.
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7.2.5. Other pharmacological therapy
Increased attention is focused on inflammation in ASCVD,413 sup
ported by the Canakinumab Anti-Inflammatory Thrombosis 
Outcomes Study (CANTOS),414 which showed that canakinumab, 
a monoclonal antibody targeting interleukin (IL)-1β, reduced MACE 
in high-risk patients with previous MI and increased high-sensitivity 
(hs)-CRP. Data for patients with PAAD are not reported. 
Furthermore, low-dose colchicine (0.5 mg/day) has been shown to 
reduce MACE among those with stable atherosclerosis after recent 
MI.415 However, the effect of colchicine and other anti-inflammatory 
drugs in PAAD remains unproven.416

8. Peripheral arterial disease
8.1. Lower-extremity peripheral arterial 
disease
8.1.1. Peripheral arterial disease syndromes
8.1.1.1. Clinical presentation and diagnosis
Atheromatous lower-extremity PAD is a chronic disease with different 
clinical manifestations. PAD may be symptomatic or asymptomatic and 
may or may not be associated with limb wounds. Wound healing and 
amputation risk may be affected by the concomitant presence of 
PAD, diabetes, and/or infection;417 therefore, amputation risk assess
ment should be systematically performed using the Wound, 
Ischaemia, and foot Infection (WIfI) classification.

PAD presents as: 
• Asymptomatic PAD: suspected by lower-limb pulse abolition or im

aging studies performed for other purposes and detected by patho
logical ABI or TBI.418,419 These patients do not present with IC or 
atypical effort-related symptoms. However, attention should be 
paid to those with wounds, with masked effort-related symptoms 
due to reduced walking capacity (for reasons other than PAD), or re
duced pain sensitivity. ‘Masked PAD’ is defined as PAD without pro
voked leg pain because of reduced walking capacity for other reasons 
or reduced pain sensitivity.420

• Symptomatic (effort-related) PAD: patients with pathological ABI or 
TBI, presenting with IC, atypical effort-related symptoms, or chronic 
lower-limb wounds (diabetic foot or non-healing ulceration/gangrene 
≥2 weeks) without critically reduced limb perfusion.417,421 In these 
patients, IC is characterized by exertional muscle pain and dysfunc
tion in the supply area of the obstructed arterial segment, which is 
relieved at rest.422 Some patients may present with atypical 
symptoms or with ‘masked PAD’.420,423 In women, the prevalence 
of IC is lower than in men, while atypical symptoms are more 
common.424

• CLTI represents the more severe chronic PAD presentation and un
derlies poor limb outcomes without intervention. In addition to com
mon signs of chronic PAD, patients with CLTI present with a critical 
haemodynamic status (ankle pressure <50 mmHg, toe pressure [TP] 
<30 mmHg, or TcPO2 <30 mmHg) responsible for ischaemic rest 
pain, non-healing chronic (>2 weeks of duration) ulceration, or 
foot gangrene.425,426

PAD syndromes can be categorized according to their clinical presen
tation (Table 7). 

The 5 year cumulative incidence of clinical deterioration from 
asymptomatic PAD to IC is 7%, and 21% from IC to CLTI.427 All pa
tients with PAD are at high risk of MACE, cerebrovascular disease, 
and MALE (Figure 8).428–430 The 5 year cumulative incidence of CV 
mortality is 9% in asymptomatic PAD and 13% in symptomatic pa
tients. In comparison with symptomatic PAD, CLTI further increases 
all-cause mortality risk (relative risk [RR] 2.26) and the risk of MACE 
(RR 1.73).431 Health insurance data reveal a major amputation rate of 
9% in patients with CLTI and 1% in patients with IC, while consider
ably higher amputation rates were reported in trials and registries 
data focusing on patients with CLTI.432–435 Among patients with 
PAD, development of MALE is associated with poor prognosis, 
with a three-fold increase in death and a 200-fold increase in subse
quent lower-extremity amputation.429

Prevention of MALE is crucial, and the risk of MACE/MALE increases 
with the increased number of arterial beds involved.

Table 7 Peripheral arterial disease categorized according to clinical presentation

Clinical characteristics of PAD Rutherford classification Fontaine classification

Category Signs and symptoms Stage Signs and symptoms

Asymptomatic PAD 0 Asymptomatic I Asymptomatic

Symptomatic (effort-related) PAD 1 Mild claudication IIa Non-disabling intermittent claudication

2 Moderate claudication IIb Disabling intermittent claudication

3 Severe claudication

Chronic limb-threatening Ischaemia 4 Ischaemic rest pain III Ischaemic rest pain

5 Minor tissue loss IV Ischaemic ulceration or gangrene

6 Major tissue loss ©
ES

C
20

24

PAD, peripheral arterial disease.
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8.1.1.1.1. Diagnostic tests. Vascular assessment: ABI, TBI, TcPO2 

measurements (refer to Section 5.3)
Ankle–brachial index is the proposed initial non-invasive diagnostic 

test to confirm lower-limb decreased perfusion status90,436,437 and 
needs to be reported separately for each leg (see Recommendation 
Table 2). An ABI ≤0.90 confirms PAD diagnosis.90,436,437 In cases of 
an ABI >0.90 and clinical suspicion of PAD, post-exercise ABI measure
ments should be considered, along with imaging studies (preferably by 
treadmill). A post-exercise ABI decrease of >20% may serve as a PAD 
diagnostic criterion.438,439

In cases of abnormally high ABI values (ABI >1.4; see 
Recommendation Table 2) and patients with CLTI and diabetes440

(see Recommendation Table 11), TP measurements, the calculation 
of TBI and TcPO2, as well as pulse volume recordings or analysis of dis
tal arterial Doppler waveforms, should be considered,90,91,132,133,441

and ABI can be estimated from distal Doppler waveforms independent 
of diabetes and media sclerosis.124

Apart from the assessment of limb perfusion, ABI serves as a surro
gate marker for CV and all-cause mortality.88,442,443 A diagnostic PAD 
algorithm is depicted in Figure 9.

4–5x increased risk of
CV events compared with

patients without PAD

Cardiac disease (MACE):

Cerebrovascular disease

Lower limb disease (MALE):

CV mortality
Myocardial infarction
Coronary revascularization
Hospitalization for heart failure

Amputation
Chronic or acute
lower limb ischaemia
Lower limb
revascularization

Increased death and
vascular amputation
risk

Figure 8 Cardiovascular risk in patients with peripheral arterial disease. CV, cardiovascular; MACE, major adverse cardiac event; MALE, major adverse 
limb event; PAD, peripheral arterial disease.
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