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Abstract

AIM: The “2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/SVM/SVN/SVS/SIR/VESS Guideline 

for the Management of Lower Extremity Peripheral Artery Disease” provides recommendations 

to guide clinicians in the treatment of patients with lower extremity peripheral artery disease 

across its multiple clinical presentation subsets (ie, asymptomatic, chronic symptomatic, chronic 

limb-threatening ischemia, and acute limb ischemia).

METHODS: A comprehensive literature search was conducted from October 2020 to June 

2022, encompassing studies, reviews, and other evidence conducted on human subjects that was 

published in English from PubMed, EMBASE, the Cochrane Library, CINHL Complete, and other 

selected databases relevant to this guideline. Additional relevant studies, published through May 

2023 during the peer review process, were also considered by the writing committee and added to 

the evidence tables where appropriate.

STRUCTURE: Recommendations from the “2016 AHA/ACC Guideline on the Management of 

Patients With Lower Extremity Peripheral Artery Disease” have been updated with new evidence 

to guide clinicians. In addition, new recommendations addressing comprehensive care for patients 

with peripheral artery disease have been developed.
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PREAMBLE

Since 1980, the American College of Cardiology (ACC) and American Heart Association 

(AHA) have translated scientific evidence into clinical practice guidelines with 

recommendations to improve cardiovascular health. These guidelines, which are based on 

systematic methods to evaluate and classify evidence, provide a foundation for the delivery 

of quality cardiovascular care. The ACC and AHA sponsor the development and publication 

of clinical practice guidelines without commercial support, and members volunteer their 

time to the writing and review efforts. Guidelines are the official policy of the ACC and 

AHA. For some guidelines, the ACC and AHA partner with other organizations.

Intended Use

Clinical practice guidelines provide recommendations applicable to patients with or at 

risk of developing cardiovascular disease (CVD). The focus is on medical practice in the 

United States, but these guidelines are relevant to patients throughout the world. Although 

guidelines may be used to inform regulatory or payer decisions, the intent is to improve 

quality of care and align with patients’ interests. Guidelines are intended to define practices 

meeting the needs of patients in most, but not all, circumstances and should not replace 

clinical judgment.

Clinical Implementation

Management, in accordance with guideline recommendations, is effective only when 

followed by both practitioners and patients. Adherence to recommendations can be enhanced 

by shared decision-making between clinicians and patients, with patient engagement in 

selecting interventions based on individual values, preferences, and associated conditions 

and comorbidities.

Methodology and Modernization

The AHA/ACC Joint Committee on Clinical Practice Guidelines (Joint Committee) 

continuously reviews, updates, and modifies guideline methodology on the basis of 

published standards from organizations, including the Institute of Medicine,1,2 and on 

the basis of internal reevaluation. Similarly, presentation and delivery of guidelines are 
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reevaluated and modified in response to evolving technologies and other factors to optimally 

facilitate dissemination of information to health care professionals at the point of care.

Numerous modifications to the guidelines have been implemented to make them shorter and 

enhance “user friendliness.” Guidelines are written and presented in a modular, “knowledge 

chunk” format, in which each chunk includes a table of recommendations, a brief synopsis, 

recommendation-specific supportive text, and when appropriate, flow diagrams or additional 

tables. Hyperlinked references are provided for each modular knowledge chunk to facilitate 

quick access and review.

In recognition of the importance of cost–value considerations, in certain guidelines, when 

appropriate and feasible, an analysis of value for a drug, device, or intervention may be 

performed in accordance with the ACC/AHA methodology.3

To ensure that guideline recommendations remain current, new data will be reviewed on 

an ongoing basis by the writing committee and staff. Going forward, targeted sections/

knowledge chunks will be revised dynamically after publication and timely peer review 

of potentially practice-changing science. The previous designations of “full revision” and 

“focused update” will be phased out. For additional information and policies on guideline 

development, readers may consult the ACC/AHA guideline methodology manual4 and other 

methodology articles.5–7

Selection of Writing Committee Members

The Joint Committee strives to ensure that the guideline writing committee contains 

requisite content expertise and is representative of the broader cardiovascular community 

by selection of experts across a spectrum of backgrounds, representing different geographic 

regions, sexes, races, ethnicities, intellectual perspectives/biases, and clinical practice 

settings. Organizations and professional societies with related interests and expertise are 

invited to participate as partners or collaborators.

Relationships With Industry and Other Entities

The ACC and AHA have rigorous policies and methods to ensure that documents are 

developed without bias or improper influence. The complete policy on relationships with 

industry and other entities (RWI) can be found online. Appendix 1 of the guideline lists 

writing committee members’ comprehensive and relevant RWI; for the purposes of full 

transparency, comprehensive and relevant disclosure information for the Joint Committee is 

also available online.

Evidence Review and Evidence Review Committees

In developing recommendations, the writing committee uses evidence-based methodologies 

that are based on all available data.4,5 Literature searches focus on randomized controlled 

trials (RCTs) but also include registries, nonrandomized comparative and descriptive studies, 

case series, cohort studies, systematic reviews, and expert opinion. Only key references are 

cited.
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An independent evidence review committee is commissioned when there is ≥1 question 

deemed of utmost clinical importance and merit formal systematic review to determine 

which patients are most likely to benefit from a drug, device, or treatment strategy, and 

to what degree. Criteria for commissioning an evidence review committee and formal 

systematic review include absence of a current authoritative systematic review, feasibility 

of defining the benefit and risk in a time frame consistent with the writing of a guideline, 

relevance to a substantial number of patients, and likelihood that the findings can be 

translated into actionable recommendations. Evidence review committee members may 

include methodologists, epidemiologists, clinicians, and biostatisticians. Recommendations 

developed by the writing committee on the basis of the systematic review are marked “SR.”

Guideline-Directed Management and Therapy

The term guideline-directed management and therapy (GDMT) encompasses clinical 

evaluation, diagnostic testing, and both pharmacological and procedural treatments. 

For these and all recommended drug treatment regimens, the reader should confirm 

dosage with product insert material and evaluate for contraindications and interactions. 

Recommendations are limited to drugs, devices, and treatments approved for clinical use in 

the United States.

Joshua A. Beckman, MD, MS, FAHA, FACC, Chair AHA/ACC Joint Committee on Clinical 

Practice Guidelines

1. INTRODUCTION

1.1. Methodology and Evidence Review

The recommendations listed in this guideline are, whenever possible, evidence based. An 

initial extensive evidence review, which included literature derived from research involving 

human subjects, published in English, and indexed in MEDLINE (through PubMed), 

EMBASE, the Cochrane Library, the Agency for Healthcare Research and Quality, and 

other selected databases relevant to this guideline, was conducted from October 2020 to June 

2022. Key search words included but were not limited to the following: acute limb ischemia, 
angioplasty, ankle-brachial index, anticoagulation, antiplatelet therapy, antithrombotic 
therapy, atypical leg symptoms, blood pressure lowering, bypass graft/bypass grafting/
surgical bypass, cilostazol, claudication/intermittent claudication, critical limb ischemia/
chronic limb-threatening ischemia, diabetes, diagnostic testing, endovascular therapy, 
exercise rehabilitation/exercise therapy/exercise training/supervised exercise, foot care, 
hybrid approach, lipid lowering, lower extremity/foot wound/ulcer, medical management, 
open revascularization, open surgery, percutaneous therapy, peripheral artery disease/
peripheral arterial disease/peripheral vascular disease/lower extremity arterial disease, 
smoking/smoking cessation, statin, stenting, thrombolysis, and vascular surgery. Additional 

relevant studies, published through May 2023 during the peer review process, were also 

considered by the writing committee and added to the evidence tables when appropriate. 

The final evidence tables are included in the Online Data Supplement and summarize 

the evidence used by the writing committee to formulate recommendations. References 
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selected and published in the present document are intended to be representative and not 

all-inclusive.

1.2. Organization of the Writing Committee

The writing committee consisted of clinicians, including general and interventional 

cardiologists, interventional radiologists, vascular medicine specialists, vascular surgeons, 

a vascular nurse, a cardiovascular nurse practitioner, wound care experts, an exercise 

physiologist, a podiatrist, lay stakeholder representatives, as well as clinical researchers in 

the field of vascular disease. The writing committee included representatives from the ACC, 

AHA, American Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR), 

American Podiatric Medical Association (APMA), Association of Black Cardiologists 

(ABC), Society for Cardiovascular Angiography and Interventions (SCAI), Society for 

Vascular Medicine (SVM), Society for Vascular Nursing (SVN), Society for Vascular 

Surgery (SVS), Society of Interventional Radiology (SIR), and Vascular & Endovascular 

Surgery Society (VESS). Appendix 1 of the current document lists writing committee 

members’ comprehensive and relevant RWI.

On April 6, 2023, a writing committee member disclosed their participation on an industry 

board of directors. When this was reviewed using specific AHA/ACC RWI policy for 

guidelines, performance measures, and data standards, it was not considered to represent a 

nonpermissible relationship with industry under the policy. However, the member stepped 

down as an author of the guideline, and the AHA/ACC RWI policy was revised to 

include service on the board of directors for industry as a nonpermissible relationship. 

In accordance with the AHA/ACC RWI policy, the member did not draft clinical practice 

recommendations or vote to approve or reject recommendations where their RWI applied. 

The member stepped down before the guideline writing committee reviewed and approved 

the manuscript for submission to the Joint Committee, the AHA Science Advisory and 

Coordinating Committee, the AHA Executive Committee, the ACC Clinical Policy and 

Approval Committee, the ACC Science and Quality Committee, and the collaborating 

organizations for consideration of endorsement.

1.3. Document Review and Approval

The Joint Committee appointed a peer review committee to review the document. The 

peer review committee comprised individuals nominated by the ACC, AHA, and the 

collaborating organizations. Reviewers’ RWI information was distributed to the writing 

committee and is published in this document (Appendix 2).

This document was approved for publication by the governing bodies of the ACC and the 

AHA and was endorsed by the AACVPR, APMA, ABC, SCAI, SVM, SVN, SVS, SIR, and 

VESS.

1.4. Scope of the Guideline

Lower extremity peripheral artery disease (PAD) is a common CVD that is estimated to 

affect 10 to 12 million individuals in the United States who are >40 years of age and 

is associated with significant morbidity, mortality, and QOL impairment.1 It has been 
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estimated that at least 113 million people and perhaps as many as 236 million people 

worldwide have PAD, although prevalence estimates vary considerably.2–4 The purpose of 

this document is to provide a contemporary guideline for the diagnosis and management 

of patients with lower extremity PAD. This document supersedes recommendations in 

the “2016 AHA/ACC Guideline on the Management of Patients With Lower Extremity 

Peripheral Artery Disease.”5 The scope of this guideline is limited to atherosclerotic 

and thrombotic disease of the lower extremity arteries (PAD) and includes disease of 

the aortoiliac, femoropopliteal, and infrapopliteal arterial segments. It does not address 

other nonatherosclerotic causes of lower extremity arterial disease, such as vasculitis, 

fibromuscular dysplasia, physiological entrapment syndromes, cystic adventitial disease, and 

vascular trauma, and does not address isolated small vessel arterial disease/microangiopathy. 

This document does not address arterial disease in the pediatric population.

In developing the “2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/SVM/SVN/SVS/SIR/

VESS Guideline for the Management of Lower Extremity Peripheral Artery Disease,” 

the writing committee reviewed the evidence to support recommendations in the 

relevant guidelines noted in Table 1 and affirmed the ongoing validity of the related 

recommendations, thus obviating the need to repeat existing guideline recommendations 

in the current guideline. Table 2 includes definitions for PAD key terms used throughout the 

guideline.

1.5. Class of Recommendations and Level of Evidence

The Class of Recommendation (COR) indicates the strength of recommendation, 

encompassing the estimated magnitude and certainty of benefit in proportion to risk. The 

Level of Evidence (LOE) rates the quality of scientific evidence supporting the intervention 

on the basis of the type, quantity, and consistency of data from clinical trials and other 

sources (Table 3).1

1.6. Abbreviations

Abbreviation Meaning/Phrase

6MWT 6-minute walk test

ABI ankle-brachial index

ACE angiotensin-converting enzyme

ALI acute limb ischemia

CAD coronary artery disease

CKD chronic kidney disease

CLTI chronic limb-threatening ischemia

COVID-19 coronavirus disease 2019

CTA computed tomography angiography

CVD cardiovascular disease

ESKD end-stage kidney disease

GDMT guideline-directed management and therapy

LDL-C low-density lipoprotein cholesterol
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Abbreviation Meaning/Phrase

MACE major adverse cardiovascular events

MALE major adverse limb events

MI myocardial infarction

MRA magnetic resonance angiography

NPWT negative pressure wound therapy

PAD peripheral artery disease

PTA percutaneous transluminal angioplasty

PVR pulse volume recordings

QOL quality of life

RCT randomized controlled trial

SARS-CoV-2 severe acute respiratory syndrome-coronavirus-2

SBP systolic blood pressure

SET supervised exercise therapy

SPP skin perfusion pressure

TBI toe-brachial index

TcPO2 transcutaneous oxygen pressure

WIfI wound, ischemia, and foot infection

2. CLINICAL ASSESSMENT FOR PAD

Clinical assessment is a central component of evaluation for PAD. Recognition of patterns 

(clinical subsets) of clinical presentation of PAD will direct clinical evaluation, diagnostic 

testing, and treatment, as well as determine the urgency of care. The clinical assessment for 

PAD includes the history and physical examination, consideration of differential diagnoses, 

and is performed before diagnostic testing for PAD (see Section 3, “Diagnostic Testing for 

PAD”).

2.1. Recognizing Clinical Subsets of PAD

The clinical presentation of patients with objectively confirmed PAD can be categorized into 

4 clinical subsets: asymptomatic PAD, chronic symptomatic PAD, chronic limb-threatening 

ischemia (CLTI), and acute limb ischemia (ALI) (Figure 1). Patients with PAD may develop 

different symptoms over time and may move into and out of different subsets during their 

disease process, such as deterioration of chronic symptomatic PAD to CLTI or ALI or 

improvement of symptoms after treatment. The characteristics of each clinical subset of 

PAD are described in Table 4.
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2.2. History and Physical Examination to Assess for PAD

Recommendations for History and Physical Examination to Assess for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 B-NR 1. In patients at increased risk of PAD (Table 5), a comprehensive medical history and review of 
symptoms to assess for exertional leg symptoms, lower extremity rest pain, and lower extremity 
wounds or other ischemic skin changes should be performed.1–4

1 B-NR 2. In patients at increased risk of PAD (Table 5), a comprehensive vascular examination and 
inspection of the legs and feet should be performed regularly (Table 6).2,5–8

Synopsis: Clinical assessment for PAD begins with recognition of risk factors for PAD 

to assist in identification of patients at risk. Risk factors for atherosclerosis as well as 

presence of atherosclerotic disease in other vascular areas are important risk features. The 

history and physical examination are important to identify patients at increased risk of 

PAD, assess for lower extremity symptoms, and assess for pulse deficits and other signs 

of PAD, including lower extremity wounds. Suggestive clinical history or the presence of 

any abnormal physical examination finding concerning for PAD requires prompt evaluation 

with the ankle-brachial index (ABI) to establish the diagnosis of PAD (see Section 3, 

“Diagnostic Testing for PAD”). For patients in whom the diagnosis of PAD has been 

established, longitudinal care includes periodic reassessment of lower extremity symptoms, 

assessment of pulses, and foot inspection and preventive care (see Section 5.8, “Preventive 

Foot Care for PAD” and Section 12, “Longitudinal Follow-Up of PAD”).

Recommendation-Specific Supportive Text

1. Patients at risk for PAD are identified based on demographic features, 

cardiovascular risk factors, or the presence of atherosclerotic vascular disease 

in other vascular beds (Table 5). Black race is associated with increased risk for 

PAD, even after adjustment for conventional risk factors, and is also associated 

with major adverse cardiovascular events (MACE) and major adverse limb 

events (MALE; see Section 4.1, “Amplifiers of Cardiovascular and Limb-Related 

Risk in Patients With PAD” and Section 4.2, “Health Disparities in PAD”).9,10 

The clinical presentation of PAD varies and can be classified into clinical subsets 

(Table 4). It is estimated that only one-third of patients with PAD present 

with symptoms of typical claudication, while most patients with PAD present 

with other exertional leg symptoms not typical of claudication.1,4 All patients 

with chronic symptomatic PAD, including those with atypical symptoms, have 

walking impairment.4 Thus, careful consideration of all exertional leg symptoms 

with a meticulous clinical history assessment that highlights site, quality, 

exacerbating factors, relieving factors, timing, and progression of leg symptoms 

is key (Table 6).11 The differential diagnosis of PAD is broad, and leg symptoms 

with exertion may be due to multiple other causes (Table 7). The approach to 

diagnostic testing for patients with suspected PAD is discussed in Section 3, 

“Diagnostic Testing for PAD.”

2. Patients at increased risk of PAD require a thorough vascular examination with 

a focus on the lower extremities. To appropriately accomplish this, all lower 
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extremity garments, including shoes and socks, should be removed. Lower 

extremity pulses (femoral, popliteal, dorsalis pedis, and posterior tibial arteries) 

are evaluated with palpation and rated as follows: 0, absent; 1, diminished; 2, 

normal; or 3, bounding (Table 6). Reproducibility of pulse assessment is more 

accurate for detection of normal versus absent pulse than for normal versus 

diminished pulse.5,11 Presence of all 4 (right and left) posterior tibial and dorsalis 

pedis pulses on palpation is associated with low likelihood of PAD.12 Evaluating 

for both abdominal and femoral bruits may also be useful to identify signs of 

PAD. Last, other findings, such as elevation pallor/dependent rubor, asymmetric 

hair growth, and calf muscle atrophy, may be suggestive of PAD.5,8,11 Additional 

evaluation for peripheral neuropathy should be considered among patients with 

diabetes.

3. DIAGNOSTIC TESTING FOR PAD

Diagnostic testing for suspected PAD requires a multifaceted approach that incorporates 

history and physical examination, ABI, and additional physiological testing, as well as 

noninvasive and potentially invasive (angiography) imaging (Figure 2). Understanding the 

indications for the use of these testing modalities can help to efficiently direct resources such 

as revascularization to patients who may be in urgent need of therapy. Further, and more 

commonly, understanding the indications for the use of these testing modalities can help 

to avoid unnecessary testing for patients for whom further delineation of arterial anatomy 

will not impact plans for therapy (eg, for patients with asymptomatic PAD or chronic 

symptomatic PAD who are treated with medical therapy and structured exercise).

3.1. Resting ABI and Additional Physiological Testing

Recommendations for Resting ABI and Additional Physiological Testing
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

Resting ABI

COR LOE Recommendations

1 B-NR 1. In patients with history or physical examination findings suggestive of PAD (Table 6), 
the resting ABI, with or without ankle pulse volume recordings (PVR) and/or Doppler 
waveforms, is recommended to establish the diagnosis.1,2

1 B-NR 2. The resting ABI should be reported as abnormal (ABI ≤0.90), borderline (ABI 0.91–
0.99), normal (ABI 1.00–1.40), or noncompressible (ABI >1.40).3

2a B-NR 3. In patients at increased risk of PAD (Table 5), screening for PAD with the resting ABI, 
with or without ankle PVR and/or Doppler waveforms, is reasonable.4–9

3: No Benefit B-NR 4. In patients not at increased risk of PAD (Table 5) and without history or physical 
examination findings suggestive of PAD (Table 6), screening for PAD with the ABI is not 
recommended.10,11

Exercise ABI and Additional Physiological Testing

1 B-NR 5. In patients with suspected PAD, toe pressure/toe-brachial index (TBI) with waveforms 
should be performed when the resting ABI is >1.40 (noncompressible).12–17

1 B-NR 6. Patients with suspected chronic symptomatic PAD (ie, exertional nonjoint-related leg 
symptoms) and normal or borderline resting ABI (>0.90 and ≤1.40, respectively) should 
undergo exercise treadmill ABI testing to evaluate for PAD.18,19

2a B-NR 7. In patients with PAD and an abnormal resting ABI (≤0.90), the exercise treadmill ABI test 
can be useful to objectively assess the functional status and walking performance.20–25
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Recommendations for Resting ABI and Additional Physiological Testing
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

Resting ABI

COR LOE Recommendations

2a C-LD 8. In patients with chronic symptomatic PAD, it is reasonable to perform segmental leg 
pressures with PVR and/or Doppler waveforms in addition to the resting ABI to help 
delineate the anatomic level of PAD.26,27

2a B-NR 9. In patients with suspected CLTI, it is reasonable to use toe pressure/TBI with waveforms, 
transcutaneous oxygen pressure (TcPO2), and/or skin perfusion pressure (SPP) in addition to 
ABI for assessment of arterial perfusion and to establish the diagnosis of CLTI.13,28–37

2a B-NR 10. In patients with CLTI with nonhealing wounds or gangrene, it can be useful to use 
toe pressure/TBI with waveforms, TcPO2, SPP, and/or other local perfusion measures to 
determine the likelihood of wound healing without or after revascularization.13,14,28,33–36,38

Synopsis: After the history and physical examination identify patients at risk for PAD 

and with history of physical examination symptoms or signs of PAD, diagnostic testing to 

establish the diagnosis of PAD is performed (Figure 2). The ABI, a simple, noninvasive 

physiological test, remains the cornerstone for initial diagnosis of PAD, although it has 

multiple limitations, particularly in the setting of diabetes and chronic kidney disease 

(CKD), which are associated with noncompressible vessels, and for the assessment of 

CLTI.39,40 The ABI may be performed in a vascular laboratory or in an office-based setting 

using a blood pressure cuff and a Doppler device. Continuous-wave Doppler waveforms or 

plethysmographic tracings (ie, PVR) at the ankle are performed. Beyond the ABI, additional 

physiological testing is performed in the evaluation of PAD to supplement the ABI and 

includes exercise ABI testing, segmental pressures, leg pressures and (PVR and/or Doppler) 

waveforms, toe pressure/TBI, and perfusion imaging. Imaging studies (see Section 3.2, 

“Imaging for PAD”) are performed when further definition of anatomy is required, such as 

to plan revascularization. The diagnostic approach to ALI is discussed separately in Section 

11, “Acute Limb Ischemia.”

Recommendation-Specific Supportive Text

1. The resting ABI is measured in each leg using a blood pressure cuff and a 

Doppler device to detect blood flow and pressure in the pedal and the brachial 

arteries.3,41 The ABI is the ratio of the higher systolic pressure in the ipsilateral 

dorsalis pedis and posterior tibial arteries divided by the higher of the left and 

right brachial artery systolic pressures.3,41 In patients with symptoms of PAD, 

the resting ABI has a sensitivity of 69% to 79% and a specificity of 83% to 99% 

compared with imaging studies showing significant arterial stenoses, although 

the sensitivity is reduced in the presence of diabetes.1–3,42,43 As an adjunct to 

ABI, Doppler waveforms and/or plethysmographic PVR taken at the ankle can 

confirm concordance with the presence and severity of PAD and suggest the 

presence of noncompressible arteries in the setting of discordance.

2. Standardized criteria for reporting the resting ABI allow for comparison between 

and within patients and from facility to facility and for changes in severity of 

disease within the same patient over time. These criteria for reporting ABI have 

been broadly adopted internationally.3,41
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3. The ABI test is noninvasive, is simple to perform, and has minimal risks, 

making it suitable as a screening test for PAD among those at risk (Table 5). 

Patients with an abnormal ABI who are asymptomatic (asymptomatic PAD) 

have poorer cardiovascular morbidity and mortality outcomes than do patients 

with normal ABI.7–9,44–51 Beyond risk stratification, detection of PAD has 

potential treatment implications for asymptomatic PAD, including application 

of GDMT (see Section 5, “Medical Therapy and Preventive Foot Care for the 

Patient With PAD”). In an RCT of a vascular screening program in Denmark 

that assessed ABI, hypertension, and abdominal aortic aneurysm among men 

65 to 74 years of age, the vascular screening program resulted in a small but 

statistically significant reduction in the overall mortality rate after a median of 

4.4 years of follow-up.52 Because 3 screening tools were used, it is difficult to 

determine how much of the benefit was related to measuring the ABI. A separate 

RCT, also conducted in Denmark, of a more extensive cardiovascular screening 

program in men 65 to 74 years of age, that included ABI along with coronary 

and aortoiliac calcium CT assessment, cardiac monitoring, and blood cholesterol 

and glucose levels, did not find a mortality benefit of the screening program at a 

median of 5.6 years of follow-up.53 In addition to increased cardiovascular risk, 

asymptomatic patients with an abnormal resting ABI have a poorer functional 

status and a more rapid rate of functional decline than do patients with a normal 

ABI.4,54–58 Although physical activity has been shown to be associated with 

improvement in functional status in patients with asymptomatic PAD,59,60 the 

benefit of resting ABI testing to identify asymptomatic patients who may benefit 

from structured exercise programs remains to be determined.

4. The prevalence of PAD among individuals without risk factors for atherosclerosis 

and who are <50 years of age is low. Data from population-based cohort 

studies have shown a low prevalence (approximately 1%) of abnormal resting 

ABI among individuals <50 years of age.10,11 In NHANES (National Health 

and Nutrition Examination Survey), approximately 95% of participants with an 

abnormal resting ABI had at least 1 risk factor for atherosclerosis.10 The yield 

of ABI testing among younger, asymptomatic individuals without risk factors 

for atherosclerosis is low, and these patients should not be routinely tested for 

PAD.10,11

5. Noncompressible tibial arteries occur frequently in the setting of diabetes 

or CKD and may result in a falsely elevated ABI of >1.4 even when 

significant PAD is confirmed by imaging.15–17,39,40,61 Digital arteries are rarely 

noncompressible, and a TBI can be used to evaluate for PAD.12–14 The TBI is 

the ratio of the toe (first digit) pressure divided by the higher of the left and right 

brachial artery systolic pressures. A TBI of ≤0.70 is considered abnormal and 

allows for the diagnosis of PAD in patients with an ABI >1.4 who have history or 

physical examination findings suggestive of PAD (Table 6).16,17

6. The exercise treadmill ABI is generally measured within 1 and 5 minutes after 

exercise on a motorized treadmill using a Doppler device and a blood pressure 

cuff. ABI measurements may be further repeated until recovery to baseline. 
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Exercise increases blood flow and the gradient across physiological stenoses 

to increase the sensitivity of detecting PAD.19 Although evidence supporting 

the additional diagnostic value of exercise ABI is limited, a retrospective case 

series showed the highest sensitivity and specificity for the diagnosis of PAD 

in patients with resting ABI ≥0.90.18 Various criteria for significant decrease in 

ABI with exercise have been reported.18

7. In patients with objectively confirmed PAD and an abnormal ABI (≤0.90), 

treadmill exercise ABI testing can be used to objectively assess functional 

status and walking performance, including documentation of time to onset 

of symptoms, nature of symptoms, and maximal walking time, as well as 

postexercise ABI. Among patients with chronic symptomatic PAD, this exercise 

assessment can be used as a baseline measure of functional status and for 

evaluation of response to therapy, including medical therapy (see Section 

5, “Medical Therapy and Preventive Foot Care for Patients With PAD”), 

structured exercise therapy (see Section 6, “Exercise Therapy for PAD”), and 

revascularization (see Section 7, “Revascularization for Asymptomatic PAD”). 

Exercise ABI performance is used as an outcome measure to evaluate therapies 

for chronic symptomatic PAD in RCTs22,25 and has been shown to correlate with 

subjective symptoms.

8. Segmental limb pressure measurements with PVR, Doppler waveforms, or 

both are obtained in the vascular laboratory setting. Blood pressure gradients 

between cuffs placed on the leg (either 3 or 4 cuffs from thigh to ankle), 

along with corresponding qualitative changes in the appearance of PVR or 

Doppler waveforms, are used to localize PAD anatomically (ie, aortoiliac, 

femoropopliteal, and/or infrapopliteal disease), although the precise definition of 

location, severity, and characteristics of arterial lesions requires further imaging 

(see Section 3.2, “Imaging for PAD”).26,27 Segmental studies are particularly 

relevant in clinical situations in which delineation of anatomic level of PAD 

may impact the management of the patient (eg, in considering patients for 

revascularization). Standardized nomenclature for Doppler waveforms from 

lower extremity arteries has recently been proposed.62

9. The ABI alone may be inadequate to assess patients with suspected CLTI.28 The 

ABI may be 0.90 to 1.40 in nearly one-quarter of patients with CLTI, and 29% of 

patients have an ABI between 0.70 and 1.40.28,29 Additionally, the concordance 

between ABI and toe pressure/TBI among patients with CLTI is poor, with only 

58% of patients who meet the criteria for abnormal toe pressures presenting 

with abnormal ABIs.30 A TBI of ≤0.70 is considered abnormal and allows for 

diagnosis of PAD, whereas absolute toe pressures <30 mm Hg are reflective 

of severe ischemia and are associated with major amputation and decreased 

likelihood of wound healing.13,16,31,32 In addition to toe pressures and TBI, 

an abnormal continuous-wave Doppler or photoplethysmographic waveform 

obtained from the base of the great toe further supports the diagnosis of PAD 

in the patient with suspected CLTI.33 TcPO2 and SPP are other testing modalities 

that can be used for perfusion assessment. A TcPO2 of >30 mm Hg or an SPP 
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of >40 mm Hg can predict wound healing.34–37 Perfusion assessment measures 

(ie, TBI with waveforms, TcPO2, SPP) are obtained in a warm room to prevent 

arterial vasoconstriction in response to the cold. For patients with nonhealing 

lower extremity wounds with normal perfusion assessment, alternative diagnoses 

should be considered (Table 8).

10. In patients with nonhealing wounds or gangrene in whom the diagnosis of 

CLTI has been established, additional perfusion assessments including toe 

pressure/TBI, TcPO2, and SPP have shown the ability to assess local perfusion 

and determine wound-healing potential and risk for amputation.32–35,37 Laser 

Doppler flowmetry and laser speckle imaging are emerging technologies with 

potential for assessing perfusion in limbs with wounds, but larger prospective 

studies are required for their validation as useful primary perfusion assessment 

tools.63,64 Similarly, pedal acceleration time has been correlated with the ABI 

and clinical presentation of PAD, and improvement in the pedal acceleration time 

(180 ms) after revascularization in patients with CLTI has been associated with 

limb salvage in a single-center study.65,66 Development of additional tools for 

perfusion assessment and prediction of wound-healing potential in the setting of 

CLTI is an area of ongoing investigation with new modalities, such as spatial 

frequency domain imaging, currently under investigation.63,67,68

3.2. Imaging for PAD

Recommendations for Imaging for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 B-NR 1. In patients with functionally limiting claudication with inadequate response to GDMT 
(including structured exercise) for whom revascularization is being considered, duplex 
ultrasound, computed tomography angiography (CTA), magnetic resonance angiography (MRA), 
or catheter angiography of the lower extremities is useful for assessment of anatomy and severity 
of disease and to determine potential revascularization strategy.1–4

1 B-NR 2. In patients with CLTI, duplex ultrasound, CTA, MRA, or catheter angiography is useful to 
determine revascularization strategy.1–3,5,6

2b C-EO 3. In patients with suspected PAD (ie, potential signs and/or symptoms) with inconclusive ABI 
and physiological testing, noninvasive imaging with duplex ultrasound, CTA, or MRA may be 
considered to establish the diagnosis of PAD.

3: Harm B-NR 4. In patients with a confirmed diagnosis of PAD in whom revascularization is not being 
considered, CTA, MRA, or catheter angiography should not be performed solely for anatomic 
assessment.7–10

Synopsis: Arterial imaging studies are generally obtained when revascularization is being 

considered but may also be used when there is clinical suspicion of PAD and the ABI 

and physiological tests are inconclusive (Figure 2). Arterial imaging can be accomplished 

by several modalities. Duplex ultrasound is noninvasive and does not require the use of 

radiation or contrast to image arteries, although dedicated and trained technical and medical 

personnel are required to perform and interpret, along with dedicated time to image all of 

the arteries in the lower limbs.4 CTA and MRA are noninvasive cross-sectional imaging 

modalities that provide greater detail of the anatomy and severity of PAD and are less 

personnel-dependent; however, they are associated with potential risks related to contrast 

or (in the case of CTA) radiation exposure.7–10 Catheter angiography is associated with 
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risks of radiation exposure and contrast as well as arterial injury and bleeding from invasive 

catheter placement, and it is usually restricted to the more severe presentations of PAD 

where revascularization is being considered and the benefits outweigh the risks of these 

complications.

Recommendation-Specific Supportive Text

1. Preprocedural imaging is used to plan a potential revascularization strategy for 

patients with functionally limiting claudication for whom response to GDMT 

(including structured exercise) is inadequate and revascularization is being 

considered. Such imaging provides an assessment of vascular access sites, 

location of stenotic lesions or occlusions, and assessment of the feasibility 

of and modality for revascularization. Duplex ultrasound, CTA, and MRA 

have good sensitivity and specificity for the detection of PAD stenotic and/or 

occlusive lesions compared with catheter-based angiography,1–4 and the choice 

of imaging modality is individualized based on patient and imaging modality-

based factors as well as local availability of resources. Duplex ultrasound is 

technologist-dependent, and CTA and MRA have improved spatial resolution 

over duplex ultrasound; however, CTA is limited by the need for iodinated 

contrast7 and radiation exposure. Contrast-enhanced MRA uses gadolinium, 

certain formulations of which are contraindicated in patients with severe renal 

dysfunction secondary to the risk for nephrogenic systemic sclerosis.11,12 

Noncontrast MRA sequences that provide high spatial resolution and the ability 

to visualize infrapopliteal and pedal vessels have emerged as a promising 

imaging modality for imaging lesions associated with PAD.13 In certain clinical 

scenarios, performance of noninvasive imaging studies for anatomic assessment 

(ie, CTA, or MRA) may be perceived to confer greater risk to the patient than 

invasive angiography (eg, patients with advanced CKD for whom contrast dose 

for invasive angiography would be lower than that required for CTA). For 

such patients in whom revascularization is being planned, diagnostic catheter 

angiography followed by endovascular revascularization during the same session 

or in a staged manner before the revascularization procedure can provide timely 

anatomic assessment and minimize risk associated with other studies.

2. Timely diagnosis and treatment, including revascularization, are essential to 

prevent tissue loss and preserve the limb in patients with CLTI (see Section 10, 

“Management of CLTI”). The imaging approach for planning revascularization 

in patients with CLTI is individualized based on patient-specific and imaging 

modality-based factors and local availability of resources. Noninvasive cross-

sectional imaging (ie, duplex ultrasound, CTA, or MRA) is often obtained in 

planning revascularization, and validation studies comparing these modalities 

with catheter angiography have included patients with CLTI.1–3,5,6 However, for 

some patients with CLTI, proceeding directly to invasive catheter angiography 

followed by endovascular revascularization during the same session avoids delay 

and can minimize potential risks (eg, additional iodinated contrast exposure and 

radiation) associated with prerevascularization noninvasive imaging.
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3. There are clinical situations in which a patient has potential signs or symptoms 

of PAD but ABI and physiological testing results are inconclusive. Additional 

noninvasive imaging may be considered to establish the diagnosis of PAD and 

to determine a treatment strategy. This is particularly important for patients with 

nonhealing wounds (ie, suspected CLTI) for whom noncompressible vessels may 

lead to nondiagnostic physiological testing. Further, in patients with exertional 

leg symptoms who are unable to participate in physiological tests such as 

treadmill testing, establishing the presence of PAD or the severity of PAD may 

be difficult. For these patients, noninvasive imaging may be helpful to assess 

for the presence and severity of PAD on an individualized basis, especially if 

establishing the diagnosis of PAD will lead to change in treatment (eg, different 

medical therapy, consideration of revascularization).

4. CTA, MRA, and catheter angiography are associated with potential risks. 

CTA and catheter angiography expose the patient to ionizing radiation and 

iodinated contrast, which are associated with the risk of contrast nephropathy and 

risks related to radiation exposure.7,8 MRA exposes the patient to gadolinium-

containing contrast agents, certain formulations of which increase the risk of 

nephrogenic systemic fibrosis in patients with renal disease.10,12 Risks of CTA 

and MRA also include discomfort and complications related to intravenous line 

placement and contrast infusion and potential for allergic reactions. Beyond 

risk associated with radiation and contrast exposure, catheter angiography is 

associated with risk of procedural discomfort and access site complications, 

including bleeding events.9 In patients for whom the diagnosis of PAD has 

been established, the primary value of CTA, MRA, and catheter angiography 

is to plan revascularization procedures when they are clinically indicated (eg, 

for CLTI or functionally limiting claudication despite GDMT). For patients with 

asymptomatic PAD or chronic symptomatic PAD managed with GDMT for 

whom no revascularization is being considered, there is no need to define lower 

extremity artery anatomy, and the risks of these imaging studies outweigh any 

potential benefit.

4. SPECIAL CONSIDERATIONS IN PAD: RISK AMPLIFIERS, HEALTH 

DISPARITIES, AND PAD IN OLDER PATIENTS

Special considerations in the evaluation care of patients with PAD include identification 

of factors that amplify the risk of MACE and MALE. Additionally, recognizing health 

disparities has the potential to impact outcomes for individual patients as well as at the 

population level.
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4.1. Amplifiers of Cardiovascular and Limb-Related Risk in Patients With PAD

Recommendation for Amplifiers of Cardiovascular and Limb-Related Risk in Patients With PAD

COR LOE Recommendation

1 C-EO 1. In the evaluation of patients with PAD, clinicians should assess for and incorporate the presence of 
PAD-related risk amplifiers (Table 9) when developing patient-focused treatment recommendations.

Synopsis: Although all patients with PAD are at increased risk of MACE and MALE, 

additional factors (Table 9, Figure 3) have been identified that further escalate this risk. 

Diabetes is a well-established risk factor for development of PAD and is also associated with 

MACE and MALE, including CLTI and risk of amputation.1–6 Ongoing smoking among 

patients with PAD has been associated with MACE and MALE.7,8 CKD and PAD share 

a common underlying pathophysiology of inflammation and oxidative stress, and CKD 

is an established risk factor for PAD.9–16 Patients with PAD and CKD and particularly 

those with end-stage kidney disease (ESKD) are at high cardiovascular risk as well as 

risk of amputation.9–16 Concomitant microvascular disease (eg, retinopathy, neuropathy, 

nephropathy) has been associated with increased risk of MALE among patients with PAD.1–

3,17–19 Management of hypertension is a critical component of GDMT, not only because 

it is the most prevalent risk factor for PAD, but also because uncontrolled hypertension 

is associated with risk of MACE as well as CKD and polyvascular disease20 (see Section 

5.3, “Antihypertensive Therapy for PAD”). Polyvascular disease, defined as the presence of 

atherosclerotic disease involving ≥2 vascular beds (coronary, peripheral, or cerebrovascular), 

is common among patients with PAD and has recently emerged as an important PAD-

related risk amplifier.20,21 Patients with polyvascular disease and PAD have compounded 

cardiovascular risk, including risk of myocardial infarction and stroke.14,21–29 In addition, 

polyvascular disease has recently been recognized as a risk factor for MALE, perhaps 

reflective of increased severity of disease as well as an associated prothrombotic state.21–31 

The combination of polyvascular disease and diabetes is synergistic in terms of marked 

amplification of risk among patients with PAD.12,32–34 Depression has been recognized as 

a prevalent comorbidity among patients with PAD and has recently been associated with 

higher rates of MACE and MALE outcomes, as well as outcomes such as length of stay and 

readmission after revascularization.35–40 Simple tools such as the Geriatric Depression Score 

(GDS) or the Patient Heath Questionnaire (PHQ)-9 can be used to assess for depression.41,42

Beyond these PAD-related risk amplifiers, certain patient demographics (eg, age, sex, 

race, ethnicity) and health disparities related to social determinants of health (eg, racism, 

socioeconomic status) have been associated with greater risk of MACE and MALE among 

those with PAD. These are discussed further in Section 4.2, “Health Disparities in PAD,” 

and in a recently published AHA scientific statement.43

Recommendation-Specific Supportive Text

1. Because of the association of PAD-related risk amplifiers with MACE and 

MALE, evaluation of patients with PAD should include assessment for the 

presence of these factors (Table 9) and recognition of the clinical impact of 

these amplifiers in developing a treatment plan. Implementation of GDMT 
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(see Section 5, “Medical Therapy and Preventive Foot Care for Patients With 

PAD”) and meticulous longitudinal follow-up (see Section 12, “Longitudinal 

Follow-Up of PAD”) are particularly important among those with PAD-related 

risk amplifiers, as well as awareness and patient education regarding risk of 

progression to CLTI with associated risk of amputation. Patients with PAD 

and other forms of CVD can experience high levels of depression, stress, and 

anxiety.39 The GDS can be used to screen for depression in patients with PAD. 

The presence of depressive symptoms (GDS ≥6) has been associated with an 

increased mortality rate (MACE and MALE) in patients with PAD.35

4.2. Health Disparities in PAD

Recommendation for Health Disparities in PAD

COR LOE Recommendation

1 C-EO 1. Clinicians and health care systems should actively pursue evidence of health disparities in 
diagnosis, treatment, and outcomes for patients with PAD and use efforts to limit the impact of 
these disparities on clinical outcomes.

Synopsis: Disparities in the detection, management, and outcomes of PAD have long 

been present in the United States.1,2 High-risk racial and ethnic groups, along with 

patients of lower socioeconomic status and patients who reside in rural areas, experience 

disproportionately higher rates of MALE.3–11 Although some of these patient groups have a 

greater burden of risk-amplifying comorbidities (ie, diabetes, CKD, and ongoing smoking) 

(Figure 3), these risk factors alone do not fully explain this association with poorer PAD 

outcomes.12 Social determinants of health, including disparities in housing, health care 

access, and education, and inequities in personal income and generational wealth all impact 

health outcomes. These structural barriers limit the equitable access to social, economic, 

and power resources. In addition, structural racism perpetuates these health disparities and 

inequities and has been hypothesized to be associated with chronic stress, which can have 

an impact on health outcomes (“weathering”).13–15 An intersectionality exists between 

social determinants of health and PAD disparities across race, ethnicity, and income level. 

Low-income and disenfranchised communities are more likely to have lower-quality school 

systems, low-wage employment, limited access to high-quality affordable foods, lower 

rates of uninterrupted health insurance coverage, and poor access to early and consistent 

maintenance of primary and specialty health care.16 Collectively, in the United States, 

these factors result in a 4-fold higher rate of major limb amputation, 30% higher rate of 

CVD mortality, and 45% higher rate of stroke among Black Americans compared with 

non-Hispanic White Americans.17,18 Beyond amputation, health disparities in MALE among 

Black patients with PAD also include worsening rates of functional decline and lower 

rates of revascularization for CLTI.5–8,19 Health disparities in PAD have been addressed 

in a recently published AHA scientific statement.2 The AHA has also published a policy 

statement establishing a comprehensive multipronged strategy to reduce nontraumatic limb 

amputation that includes addressing health care disparities.17
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Recommendation-Specific Supportive Text

1. Evidence of health disparities is common for patients with PAD.2 These 

disparities may be readily apparent or difficult to discern. Patient-centric efforts 

to address health disparities include identifying patients from disenfranchised 

at-risk populations for symptoms and signs of PAD, such as exertional leg 

symptoms and impairment in walking abilities, and conducting regular thorough 

physical examinations, including assessment of the legs and feet and assessment 

of pulses for those at risk (see Section 2.2, “History and Physical Examination 

to Assess for PAD”). Once PAD is diagnosed, implementing a plan of care, 

including GDMT and management of PAD-related risk amplifiers and other 

high-risk comorbidities, is crucial, recognizing the presence of socioeconomic 

and other factors that may require further interdisciplinary efforts to implement 

the care plan (see Section 5, “Medical Therapy and Preventive Foot Care for 

Patients With PAD,” and Section 6, “Exercise Therapy for PAD”). Longitudinal 

follow-up of all patients with PAD, particularly those from disadvantaged at-risk 

populations, is important because the risk of MACE and MALE is high (see 

Section 12, “Longitudinal Follow-Up of PAD”).

Beyond efforts in clinical practice and across health care systems, opportunities 

exist for the cardiovascular community and the public health infrastructure to 

address disparities in PAD care and outcomes. In an AHA call to action to reduce 

lower extremity amputations, policy recommendations and proposed policies 

included the following: broad adoption of quality measures for PAD care; 

affordable prevention, diagnosis, and management tools; regulation of tobacco 

products; clinical decision support for PAD care; professional education; and 

dedicated funding opportunities to support PAD research.17 Each of these actions 

is required to improve PAD-related outcomes among under-resourced groups 

and will require multidisciplinary and multistakeholder investment to address the 

impact of social determinants of health on outcomes in PAD.

4.2.1. Race and Ethnicity: Racial and ethnic disparities in the outcome and care among 

patients with PAD are important public health issues.1,2 In the United States, the prevalence 

of PAD is higher among Black patients than White patients, and this gap widens with 

increasing age.3–6 It has been estimated that lifetime risks of PAD are 30% in Black 

men and ~28% in Black women but ~19% in White men and women and ~22% in 

Hispanic men and women.3,7 Black patients in the United States have high rates of risk-

amplifying comorbidities, including systemic hypertension, diabetes, and CKD, which are 

closely related to the development of PAD and higher risk of adverse outcomes.1,8 PAD is 

identified more often at a later stage in the disease process (ie, CLTI) among Black patients 

compared with White patients, highlighting opportunities for initiatives focused on early 

disease detection and improving health care access.9 Significant disparities in prescription 

of GDMT have been reported among Black patients with PAD, including lower rates of 

prescription of antiplatelet and statin therapy and lower participation in supervised exercise 

therapy compared with White patients.10–12 In observational studies of individuals with 
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PAD, Black participants have been shown to have worse functional status and more rapid 

functional decline, including mobility loss, than White participants.13,14

Rates of PAD-related amputation have served as an objective marker of health disparities, 

and race and ethnicity are closely tied to amputation risk. In the United States, Black 

populations, American Indian populations, and Hispanic populations have a higher risk 

of limb amputation compared with White populations.15–17 Black patients have a 2- to 

4-fold higher risk of amputation compared with White patients,18–20 and this disparity is 

amplified in patients of advanced age (eg, Medicare population ≥65 years).21,22 This also 

mirrors the higher rates of MACE experienced by the Black population.17,20 Potential 

mediators of the higher rate of amputation among Black patients with PAD include 

more frequent presentation with CLTI, lower likelihood of revascularization for CLTI in 

some but not all published analyses, and greater burden of high-risk comorbidities.23,24 

In addition, disparities in both medical insurance and access to experienced health care 

centers providing multispecialty care for PAD and limb salvage procedures may contribute 

to the increased potential for lower extremity amputation.25 These factors also contribute to 

lower rates of revascularization procedures among Hispanic populations.8,26,27 Patients of 

American Indian descent are densely populated in rural, Western states, creating geographic 

barriers to vascular care access and a higher likelihood of presentation at a more advanced 

stage of PAD with CLTI.28 Hispanic patients experienced lower prevalence rates of PAD 

compared with either Black patients or American Indian patients.3,29 Disease prevalence 

notwithstanding, amputation rates within the Hispanic population are similar to those of 

the Black population, with lower rates of revascularization compared with White patients.27 

This may be explained partly by the finding that Hispanic populations have the highest 

reported rates of being uninsured among all racial and ethnic groups and may further lack 

basic access to medical care because of communication (eg, language) barriers.30,31

The disproportionately higher risk of amputation among patients of underrepresented racial 

and ethnic groups may also reflect systemic bias. For example, previous studies have shown 

that Black patients with PAD are more likely to undergo amputation without attempts at 

revascularization and are more frequently treated with proximal amputation than White 

patients, which may be driven by factors such as fragmented access to care.13,24,26,27,32–34

Implementation of interventions to address the racial disparity gap in amputation and 

revascularization has been identified as an advocacy priority for PAD (see Section 13.2, 

“Advocacy Priorities”). In addition, increasing the participation of Black individuals and 

other underrepresented groups in clinical trials across the clinical spectrum of PAD is 

important.

4.2.2. Female Sex: Based on US Census data, the estimated burden of PAD among women 

who are >40 years of age is greater than that of men who are >70 years of age.1 Women with 

PAD present, on average, 10 to 20 years later than men.1 Compared with men with PAD, 

women with PAD tend to present with more atypical leg symptoms, are older, and have 

more advanced disease.2 Women with PAD also have poorer functional status and greater 

ambulatory limitations than men with PAD at similar ABI values.3 Studies have shown 

mixed effects of sex on MACE among women compared with men with PAD, although 
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event rates are high in both groups.1,4,5 Further studies are needed to understand sex-related 

differences in PAD risk, presentation, and outcomes in women.1,4 It has been shown that 

MALE among patients with PAD vary by sex.1,2 Women are at greater risk of undergoing 

above-knee versus below-knee amputation, which has lasting consequences on mobility and 

morbidity.6 Women with PAD are more likely to receive endovascular revascularization 

versus surgical revascularization and have increased periprocedural mortality irrespective of 

the procedure performed.7 Despite the prevalence of PAD in women and opportunities for 

improvement in MACE and MALE outcomes, women are underrepresented in contemporary 

PAD cohorts and RCTs as well as trials of therapies for atherosclerotic CVD in general.8–10

4.2.3. Geography and Socioeconomic Status: The geographic location of a patient with 

PAD has been shown to be associated with MALE. Patients in rural areas are at a greater 

risk of amputation than patients in urban areas.1 Although this relationship is strongest 

among those who are also from high-risk racial or ethnic groups, disparities in care also 

affect White patients living in rural areas.2–4 Rural residents tend to be older, be more 

economically disadvantaged, have higher burdens of comorbidities, and practice riskier 

health behaviors (eg, ongoing smoking) than their urban counterparts.4,5 These factors are 

magnified by greater barriers to health care access because of geographic isolation and 

clinician shortages.6,7 The impact of geography, socioeconomic status, race, and other social 

determinants of health on PAD-related outcomes are undoubtedly interrelated and apply to 

urban as well as rural areas. In an analysis of Medicare data, among beneficiaries living in 

zip codes of metropolitan (urban) areas, Black race, lower median household income, and 

higher zip code score of the Distressed Communities Index were factors associated with 

amputation.8 The Distressed Communities Index is a metric that scores communities based 

on economic factors associated with social determinants of health, including percentage of 

individuals with no high school diploma, housing vacancy rate, percentage of adults not 

working, poverty rate, median income, and change in employment.9

4.3. Considerations in Management of PAD in Older Patients

Recommendation for Management of PAD in Older Patients
Referenced studies that support the recommendation are summarized in the Online Data Supplement.

COR LOE Recommendation

2a B-NR 1. In older patients (ie, ≥75 years of age) with PAD, assessment for geriatric syndromes (Table 10), 
such as frailty, sarcopenia, malnutrition, and mobility impairment, can be useful to identify high-risk 
patients, including before revascularization, and to provide safe and goal-concordant care.1–15

Synopsis: PAD disproportionately affects individuals in the later decades of life, with an 

estimated prevalence of >15% among those >80 years of age.16 Therefore, the identification 

of PAD is important in at-risk older patients (previously defined in ACC/AHA guidelines as 

≥75 years of age)17 through routine assessment comprising history and physical examination 

including the assessment of the leg and foot and pulses. This is essential because the 

concomitant presence of geriatric syndromes (Table 10), such as frailty, sarcopenia, 

malnutrition, and functional decline, in older patients may obscure symptoms associated 

with PAD until it reaches an advanced state. The physical examination identifies signs of 

previously unrecognized PAD, with opportunities to provide appropriate clinical evaluation 
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(see Section 2, “Clinical Assessment for PAD”) and care. Older patients with PAD have 

a much higher prevalence of multimorbidity and polypharmacy.18,19 The concomitant 

presence of other comorbidities or age-related degenerative processes may accentuate the 

impact of PAD in the older population and requires nuanced attention and care. Specifically, 

the presence of geriatric syndromes, including frailty and sarcopenia, confers a greater risk 

for MACE, MALE, and death (Table 10). Older patients with PAD who have ≥1 of these 

geriatric syndromes have worse outcomes with revascularization or amputation; decisions 

for invasive treatment merit specific consideration in this cohort.

Recommendation-Specific Supportive Text

1. Geriatric syndromes, including frailty, sarcopenia, malnutrition, and mobility 

impairment, frequently complicate the care of patients with PAD. Clinical tools 

have been evaluated to assess for frailty in the context of PAD, such as the 

Clinical Frailty Scale, the modified Frailty Index, the Risk Analysis Index, 

and others.11,12 The impact of these conditions on the treatment of patients 

with PAD is listed in Table 10. In retrospective cohorts of patients with PAD, 

morbidity, functional status, prescription of GDMT, and overall mortality were 

significantly worse after revascularization procedures and major amputation 

in elderly patients when compared with younger patients with PAD.14,15,20,21 

Identification of these geriatric syndromes in older adults with PAD can be a 

catalyst for shared decision-making to evaluate the use of endovascular, surgical, 

or hybrid revascularization procedures to balance the risk of complications or 

loss of independence against the potential for improved QOL and palliation of 

symptoms with a limited life span.

5. MEDICAL THERAPY AND PREVENTIVE FOOT CARE FOR PATIENTS 

WITH PAD

GDMT for PAD is implemented to reduce the risk of progression to more symptomatic 

and limb-threatening clinical presentations of PAD and MALE and to reduce the risk of 

MACE, particularly death, MI, and stroke (Figure 4). Medical therapy for PAD may also be 

implemented to improve leg symptoms attributable to claudication. For patients with PAD, 

preventive foot care is implemented to prevent the development of ulceration and the risk of 

CLTI.

5.1. Antiplatelet and Antithrombotic Therapy for PAD

Recommendations for Antiplatelet and Antithrombotic Therapy for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 A 1. In patients with symptomatic PAD, single antiplatelet therapy is recommended to reduce the 
risk of MACE.1–4

1 B-R 2. In patients with symptomatic PAD, single antiplatelet therapy with clopidogrel alone (75 mg 
daily) is recommended to reduce the risk of MACE.4

1 C-LD 3. In patients with symptomatic PAD, single antiplatelet therapy with aspirin alone (range, 75–
325 mg daily) is recommended to reduce the risk of MACE.1–3
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Recommendations for Antiplatelet and Antithrombotic Therapy for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 A 4. In patients with symptomatic PAD, low-dose rivaroxaban (2.5 mg twice daily) combined with 
low-dose aspirin is effective to reduce the risk of MACE and MALE.5,6

1 B-R 5. After endovascular or surgical revascularization for PAD, antiplatelet therapy is 
recommended.1,7–9

1 A 6. After endovascular or surgical revascularization for PAD, low-dose rivaroxaban (2.5 mg twice 
daily) combined with low-dose aspirin is recommended to reduce the risk of MACE and MALE.7

2a C-LD 7. After endovascular revascularization for PAD, dual antiplatelet therapy with a P2Y12 
antagonist and low-dose aspirin is reasonable for at least 1 to 6 months.8–11

2a C-LD 8. After endovascular or surgical revascularization in patients with PAD who require full-
intensity anticoagulation for another indication and are not at high risk of bleeding, adding 
single antiplatelet therapy is reasonable.12,13

2a C-EO 9. In patients with asymptomatic PAD, single antiplatelet therapy is reasonable to reduce the risk 
of MACE.

2b B-R 10. In patients with symptomatic PAD without recent revascularization, the benefit of dual 
antiplatelet therapy is uncertain.14,15

2b B-R 11. In patients with symptomatic PAD, the benefit of vorapaxar added to existing antiplatelet 
therapy is uncertain.16

2b B-R 12. After surgical revascularization for PAD with a prosthetic graft, dual antiplatelet therapy with 
a P2Y12 antagonist and low-dose aspirin may be reasonable for at least 1 month.17

3: Harm A 13. In patients with PAD without another indication (eg, atrial fibrillation), full-intensity oral 
anticoagulation should not be used to reduce the risk of MACE and MALE.18–20

Synopsis: Antiplatelet and antithrombotic therapies are core components of medical 

therapy for patients with PAD. Aspirin or other antiplatelet drugs are used to prevent MI, 

ischemic stroke, and vascular death in patients with clinical atherosclerosis (eg, symptomatic 

PAD, CAD, or cerebrovascular disease).1,4–6 The value of these agents in asymptomatic 

PAD is less certain because clinical trials show a higher risk of bleeding with these 

regimens, which may offset any lowering of the risk of ischemic events.21,22 The use of 

dual antiplatelet therapy (eg, aspirin plus clopidogrel) and the use of more potent antiplatelet 

medications (eg, vorapaxar) in patients without recent revascularization (ie, revascularization 

within 6 months) is also uncertain based on higher risks of bleeding.14,15,16 Recent RCTs 

have shown that the low-dose direct oral anticoagulant rivaroxaban plus low-dose aspirin 

prevents ischemic events compared with aspirin alone but with a higher risk of major 

bleeding.5,6 Many patients with symptomatic PAD have had previous revascularization 

(either endovascular or surgical), and studies have shown that these patients are at higher 

residual risk of cardiovascular and limb events; however, no evidence is available to support 

the use of more potent antiplatelet agents or dual antiplatelet therapy outside of a recent 

revascularization procedure. Additionally, the use of full-intensity oral anticoagulation (in 

the absence of another indication, such as atrial fibrillation) is not warranted and may be 

harmful.

In patients with PAD who have undergone revascularization procedures, antiplatelet and 

antithrombotic therapies have been shown to reduce the occurrence of recurrent symptoms 

and MALE. The decision to add a medication or continue an existing medication is 

dependent on multiple factors, including comorbid patient conditions such as CAD, 
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complexity of the revascularization procedure, and overall patient risk of MACE and MALE. 
7,10,11

The factors favoring addition of antiplatelet medication, antithrombotic medication, or 

both are balanced against the risk of bleeding. The VOYAGER PAD (Vascular Outcomes 

Study of ASA [acetylsalicylic acid] Along with Rivaroxaban in Endovascular or Surgical 

Limb Revascularization for PAD) showed that the risk of ischemic limb events, and 

the overall primary endpoint, was reduced by low-dose rivaroxaban in combination with 

low-dose aspirin in patients without a previous stroke or increased risk of bleeding.7 

Dual antiplatelet therapy after endovascular revascularization is supported indirectly by 

data from percutaneous coronary intervention and its use in major trials of endovascular 

revascularization using different devices for PAD.8–11 Similarly, limited data from 

percutaneous coronary interventions support the use of single antiplatelet therapy after 

endovascular revascularization in patients on full-dose anticoagulation for another indication 

(eg, atrial fibrillation or venous thromboembolism).12,13

Recommendation-Specific Supportive Text

1–3. Single antiplatelet therapy reduces the risk of MACE in patients with 

symptomatic PAD with or without previous revascularization. Although aspirin 

has historically been used as the antiplatelet agent for prevention of MACE 

among patients with PAD, recent trials have shown the efficacy of P2Y12 

inhibitors in this patient population.1–4,23 Single antiplatelet therapy with 

clopidogrel had improved efficacy compared with aspirin for prevention of 

MACE in the CAPRIE (Clopidogrel versus Aspirin in Patients at Risk of 

Ischemic Events) trial, with similar rates of bleeding.4 Single antiplatelet 

therapy with the P2Y12 inhibitor ticagrelor had similar rates of efficacy and 

safety outcomes compared with clopidogrel in the EUCLID (Examining Use of 

Ticagrelor in Peripheral Artery Disease) trial, although rates of adverse events 

in those treated with ticagrelor were higher.23 A recent meta-analysis of trials in 

patients with CAD, cerebrovascular disease, or PAD suggested that the value of 

single antiplatelet therapy with P2Y12 inhibitors was similar to aspirin.24

4. The COMPASS (Cardiovascular Outcomes for People Using Anticoagulation 

Strategies) trial assessed low-dose anticoagulation with rivaroxaban (2.5 mg 

twice daily) in addition to low-dose aspirin in patients with CVD who did 

not have a high risk of bleeding, history of hemorrhagic or lacunar stroke, 

severe kidney disease, or need for dual antiplatelet or anticoagulation therapy.5 

In this study, low-dose rivaroxaban added to low-dose aspirin reduced the risk 

of MACE and MALE.5 In a subgroup analysis of the COMPASS trial among 

patients with symptomatic PAD, carotid disease, or CAD with an abnormal ABI, 

this regimen also reduced the risk of MACE and MALE but with an increase in 

risk of major bleeding.25 In another subgroup analysis of the COMPASS trial in 

patients with PAD, this regimen reduced the risk of MALE but with an increase 

in risk of major bleeding.6
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5. The use of antiplatelet agents after lower extremity endovascular or surgical 

revascularization is common clinical practice, although this has not been well 

studied in placebo-controlled trials. Small historical trials and a subsequent 

meta-analysis provide support for the use of single antiplatelet therapy in this 

setting.1 The use of antiplatelet therapy after revascularization is recommended 

because revascularization is generally reserved for patients with symptomatic 

PAD. Furthermore, contemporary studies evaluating paclitaxel-coated devices 

for revascularization in patients with PAD have mandated dual antiplatelet 

therapy in all patients.8,9 In the VOYAGER PAD trial, aspirin monotherapy was 

mandated at the time of revascularization procedures, and the combination of 

low-dose aspirin and low-dose rivaroxaban led to an improvement in the risk of 

MALE.7

6. The VOYAGER PAD trial assessed a regimen of low-dose rivaroxaban (2.5 

mg twice daily) in addition to low-dose aspirin in patients within 10 days of 

lower extremity revascularization who were not on anticoagulation for another 

indication or had planned P2Y12 receptor antagonist use.7 Patients at high risk 

for bleeding, including those with previous stroke or intracranial hemorrhage, 

intracranial tumor or vascular abnormality, or gastrointestinal bleeding in the 

previous 6 months, were excluded. This regimen reduced the risk of a composite 

endpoint of MACE and MALE compared with aspirin alone, mainly driven by 

lower rates of ALI.7

7. Dual antiplatelet therapy after endovascular revascularization for PAD is 

extrapolated from the use of this regimen after percutaneous coronary 

intervention. Trials assessing drug-eluting stents and drug-coated balloons for 

revascularization of PAD generally recommended and required dual antiplatelet 

therapy for 2 to 6 months after revascularization.8,9 Observational studies have 

suggested a potential benefit of dual antiplatelet therapy compared with single 

antiplatelet therapy after revascularization, particularly among the subgroup of 

patients with CLTI.10,11

8. The combination of full-intensity oral anticoagulation and dual antiplatelet 

therapy, known as “triple therapy,” is associated with an increased risk of 

bleeding complications. Recent trials in patients with an indication for full-

intensity oral anticoagulation who undergo percutaneous coronary intervention 

support the use of single antiplatelet therapy (aspirin or P2Y12 inhibitor) in 

addition to oral anticoagulation.12,13 These data may be applied to support 

single antiplatelet therapy for patients with PAD who undergo endovascular or 

surgical revascularization, who are not at elevated risk of bleeding, and who 

have another indication for full-intensity anticoagulation (eg, atrial fibrillation, 

venous thromboembolism). An ACC Expert Consensus Decision Pathway on 

oral anticoagulation and antiplatelet therapy has been published, although 

it focuses primarily on evidence and clinical scenarios/medication regimens 

for patients undergoing percutaneous coronary intervention.13 Guidelines for 

management of atrial fibrillation that include recommendations for oral 
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anticoagulation in the setting of other comorbidities, including PAD, have also 

been published.26

9. Patients with asymptomatic PAD may be too functionally limited to allow 

for the development of leg symptoms. Despite a lack of reported symptoms, 

patients with asymptomatic PAD have been demonstrated to be at increased risk 

of MACE, including mortality.27,28 Several studies have attempted to address 

whether patients with asymptomatic PAD, defined as having an abnormal 

ABI with no reported leg symptoms (eg, as identified during a screening 

examination), derived benefit from aspirin; however, none have provided 

adequate evidence.2,21,22 The CLIPS (Critical Leg Ischemia Prevention) trial 

randomized symptomatic and asymptomatic patients with abnormal ABI or 

TBI (defined as <0.85 and <0.6, respectively) to aspirin or placebo but was 

stopped early and subsequently underpowered to assess the effect of aspirin 

on MACE and MALE in the subgroup of patients with asymptomatic PAD.2 

Both the AAA (Aspirin for Asymptomatic Atherosclerosis) trial and the 

POPADAD (Prevention of Progression of Arterial Disease and Diabetes) trial 

used a higher ABI threshold for enrollment in the study than is considered 

diagnostic of asymptomatic PAD (ABI ≤0.95 and <1.00, respectively) and 

had a relatively high mean ABI among individuals randomized (approximately 

0.86 and 0.90, respectively), limiting the generalizability of findings to the 

asymptomatic PAD patient population.21,22 Despite the lack of evidence specific 

to patients with asymptomatic PAD, single antiplatelet therapy to prevent MACE 

is reasonable based on the increased cardiovascular risk in this population, 

the finding that a significant proportion of patients with asymptomatic PAD 

will have leg symptoms if administered an objective walking test, and studies 

that have demonstrated a high prevalence of CAD among patients with low 

ABI.27–30 Further, single antiplatelet therapy is recommended in patients 

with asymptomatic PAD and other clinical indications for this therapy (eg, 

known CAD, cerebrovascular disease, previous coronary or other arterial 

revascularization).31,32

10. Outside of the setting of recent revascularization, dual antiplatelet therapy 

has only been assessed in subgroups of patients with PAD enrolled in larger 

trials, usually in patients with previous MI, other atherosclerotic disease, 

or both. The value of dual antiplatelet therapy is uncertain, partly because 

these subgroups were underpowered to fully examine efficacy and safety (ie, 

risk of bleeding) in patients with PAD, such as in the PEGASUS-TIMI 54 

(Prevention of Cardiovascular Events in Patients with Prior Heart Attack Using 

Ticagrelor Compared to Placebo on a Background of Aspirin–Thrombolysis 

In Myocardial Infarction 54) trial and the CHARISMA (Clopidogrel for 

High Atherothrombotic Risk and Ischemic Stabilization, Management, and 

Avoidance) trial.14,15

11. In the TRA 2P–TIMI 50 (Thrombin Receptor Antagonist in Secondary 

Prevention of Atherothrombotic Ischemic Events–Thrombolysis In Myocardial 

Infarction 50) trial, the antiplatelet agent vorapaxar, an antagonist of the protease 
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activated receptor-1, in addition to antiplatelet therapy, generally with aspirin 

or clopidogrel, decreased the risk of MALE, including hospitalization for ALI 

and lower extremity revascularization in the cohort of 3787 patients with 

symptomatic PAD.16 In the PAD cohort, no significant difference in MACE 

was observed; however, a significantly higher risk of moderate to severe 

bleeding was observed among those randomized to vorapaxar compared with 

the placebo group, thus resulting in an uncertain net clinical benefit.16 Vorapaxar 

is contraindicated in patients with previous stroke due to an increased risk of 

intracranial hemorrhage.33

12. Data supporting dual antiplatelet therapy after lower extremity bypass grafting 

are limited and uncertain, but a subgroup analysis of the CASPAR (Clopidogrel 

and Acetylsalicylic Acid in Bypass Surgery for Peripheral Arterial Disease) trial 

found that the combination of low-dose aspirin plus clopidogrel 75 mg daily 

reduced a composite endpoint of MALE or death in patients who underwent 

prosthetic rather than autogenous vein grafts compared with low-dose aspirin 

alone.17

13. RCTs and observational studies have uniformly demonstrated that full-intensity 

oral anticoagulation therapy aimed at decreasing MACE among patients with 

PAD provided no benefit and resulted in increased morbidity rates.18–20,34 In 

the WAVE (Warfarin Antiplatelet Vascular Evaluation) trial of patients with 

atherosclerotic vascular disease, including PAD, no difference was observed in 

cardiovascular ischemic events among patients randomized to full-intensity oral 

anticoagulation and antiplatelet therapy versus antiplatelet therapy alone.18 In 

addition, an increase was seen in bleeding endpoints, including life-threatening 

and intracranial bleeding.18 One RCT demonstrated an increased death rate 

among patients randomized to warfarin plus aspirin versus aspirin alone 

after lower extremity bypass grafting.19 This recommendation regarding use 

of full-intensity oral anticoagulation in patients with PAD is distinct from 

recommendations regarding low-dose oral anticoagulation using rivaroxaban 

in combination with low-dose aspirin. Furthermore, this recommendation 

does not apply to patients for whom full-intensity oral anticoagulation is 

required for another clinical indication, such as atrial fibrillation or venous 

thromboembolism. Recent clinical practice guidelines for management of atrial 

fibrillation include recommendations for anticoagulation in the setting of other 

comorbidities, including PAD.26

5.2. Lipid-Lowering Therapy for PAD

Recommendations for Lipid-Lowering Therapy for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 A 1. In patients with PAD, treatment with high-intensity statin therapy is indicated, with an aim of 
achieving a ≥50% reduction in low-density lipoprotein cholesterol (LDL-C) level.1–3

2a B-R 2. In patients with PAD who are on maximally tolerated statin therapy and have an LDL-C level of 
≥70 mg/dL, it is reasonable to add PCSK9 inhibitor therapy.1,4–6
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Recommendations for Lipid-Lowering Therapy for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

2a B-R 3. In patients with PAD who are on maximally tolerated statin therapy and have an LDL-C level of 
≥70 mg/dL, it is reasonable to add ezetimibe therapy.1,7

Synopsis: Dyslipidemia is a common atherosclerotic risk factor in patients with PAD. 

Lipid-lowering therapy with statin medications has been shown to improve outcomes 

(MACE and MALE) and should be prescribed for all patients with PAD.1–3 Despite 

significant evidence supporting its benefit, statin therapy is underprescribed among patients 

with PAD compared with patients with other atherosclerotic cardiovascular disorders, 

especially CAD.8,9 Evidence supports the use of high-intensity statins and lowering of 

LDL-C to levels <70 mg/dL based on subgroup analyses from RCTs.4–7,9 Statin use and 

statin initiation have been reported to be safe and effective in large cohorts of patients with 

PAD, despite the potential concern for overlapping lower extremity symptoms of PAD and 

adverse muscle effects from statins.10,11

Recommendation-Specific Supportive Text

1. The 2018 AHA/ACC cholesterol guideline1 makes a COR 1, LOE A 

recommendation for the initiation or continuation of high-intensity statin therapy 

(Table 11), with the aim of achieving a ≥50% reduction in LDL-C levels in all 

patients who are ≤75 years of age with atherosclerotic CVD, including those 

patients with PAD. The use of statins to lower the risk of MACE in patients 

with PAD was first established in a subgroup analysis of the Heart Protection 

Study.3 More recently, multiple observational studies have reported lower rates 

of MACE and MALE in patients with PAD who were treated with statin therapy, 

with the largest study involving 155 647 patients from the US Department of 

Veterans Affairs health care system and showing lower rates of amputation and 

death in unadjusted and adjusted analyses.9 A meta-analysis of 138 060 patients 

that was focused on MALE showed that statins reduced the risk of MALE by 

30% and, specifically, amputation by 35% and all-cause death by 39%.2 Studies 

focusing on patients with CLTI, endovascular and surgical revascularization, and 

lower extremity amputation have also confirmed the association of statin therapy 

with improvements in amputation, revascularization, and mortality rates.10–15 

Indirect yet supporting evidence from PAD subgroup analyses of large RCTs of 

other lipid-lowering agents have shown that treatment strategies to lower LDL-C 

values <70 mg/dL are associated with improved rates of MACE and MALE.4,5,7

2. In 2 subgroup analyses of studies evaluating PCSK9 inhibitors, use of 

alirocumab and evolocumab in patients with PAD were associated with lower 

rates of MACE and MALE compared with placebo.4,5 The findings from the 

PAD subanalysis of the FOURIER (Further Cardiovascular Outcomes Research 

with PCSK9 Inhibition in Subjects with Elevated Risk) study showed that 

evolocumab was associated with a lower occurrence of MACE (HR: 0.79 [95% 

CI: 0.66–0.94]; P=0.0098) and MALE (HR: 0.63 [95% CI: 0.39–1.03]; P=0.063) 
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compared with placebo.4 In the ODYSSEY OUTCOMES trial (Evaluation of 

Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment 

With Alirocumab), alirocumab was associated with a numerically lower rate of 

MACE (22.8% versus 23.9%; P=NS) and significantly lower rates of MALE, 

including progression to CLTI, revascularization, or unplanned amputation (HR: 

0.59 [95% CI: 0.40–0.86]) in patients with previously diagnosed PAD.5,6 This 

recommendation for the use of PCSK9 inhibitors in patients with PAD who 

have not achieved an LDL target of <70 mg/dL aligns with the 2018 AHA/ACC 

cholesterol guideline recommendation for patients with clinical atherosclerotic 

CVD.1

3. In a subgroup analysis of the IMPROVE-IT (Improved Reduction of Outcomes: 

Vytorin Efficacy International Trial) involving 1005 patients with extracoronary 

atherosclerotic arterial disease, including PAD, there was a lower rate of MACE 

(45.2% versus 49.5%), favoring ezetimibe for the primary composite endpoint 

of cardiovascular death, major coronary event, or ischemic stroke at 7 years.7 

No data support the use of ezetimibe to prevent MALE in patients with PAD. 

This recommendation for the use of ezetimibe in patients with PAD who have 

not achieved an LDL target of <70 mg/dL aligns with the 2018 AHA/ACC 

cholesterol guideline recommendation for patients with clinical atherosclerotic 

CVD.1

5.3. Antihypertensive Therapy for PAD

Recommendations for Antihypertensive Therapy for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 A 1. In patients with PAD and hypertension, antihypertensive therapy should be administered to reduce 
the risk of MACE.1–5

1 B-R 2. In patients with PAD and hypertension, a systolic blood pressure (SBP) goal of <130 mm Hg and a 
diastolic blood pressure target of <80 mm Hg is recommended.5–9

1 B-R 3. In patients with PAD and hypertension, the selective use of angiotensin-converting enzyme (ACE) 
inhibitors or angiotensin-receptor blockers is recommended to reduce the risk of MACE.10–12

Synopsis: Hypertension is the most common cardiovascular risk factor.13 Hypertension 

is found in 35% to 55% of patients when they are diagnosed with PAD.14 Additionally, 

hypertension has been associated with a longitudinal decline in ABI in adults >65 years of 

age.15 In addition to data regarding the benefits of hypertension management in modifying 

cardiovascular risk, data from 2 RCTs provide the only direct evidence to support specific 

agents, ACE inhibitors and angiotensin-receptor antagonists, for blood pressure control 

among patients with PAD.10,11

Recommendation-Specific Supportive Text

1. Treatment of hypertension is indicated among patients with PAD to reduce the 

risk of MACE, including stroke, MI, heart failure, and cardiovascular death.1 

Historically, some concern has been expressed that lower blood pressure targets 

may compromise blood flow to a lower extremity with impaired perfusion 
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caused by PAD and worsen limb symptoms.1 However, to date, multiple studies 

have shown improvement in symptoms of claudication and functional status in 

patients with PAD and treated hypertension, including patients treated with beta 

blockers and no signal for adverse outcomes in terms of MALE.2–4

2. The 2017 ACC/AHA hypertension clinical practice guideline assigns a COR 1 

recommendation for a goal blood pressure of <130/80 mm Hg in patients with 

known cardiovascular risk.5 Few trials have specifically evaluated blood pressure 

goals among patients with PAD. SPRINT (Systolic Blood Pressure Intervention 

Trial) found that an aggressive SBP target of <120 mm Hg, compared with 

standard treatment (SBP target of <140 mm Hg), in patients with known CVD 

reduced rates of cardiovascular outcomes and associated mortality. However, 

only a small subset of patients in this trial had PAD.6 In ABCD (Appropriate 

Blood Pressure Control in Diabetes Study), among a subset of participants with 

PAD (defined as ABI <0.90), intensive blood pressure control (mean blood 

pressure, 128/75 mm Hg) was associated with a reduction in MACE compared 

with moderate blood pressure control (mean blood pressure, 137/81 mm Hg).9 

Conversely, in a post hoc analysis of patients with both PAD and CAD from 

INVEST (International Verapamil-SRV Trandolapril Study), a higher hazard of 

all-cause death, nonfatal MI, and nonfatal stroke was observed in patients with 

PAD who had low SBP as well as high SBP.7 Similarly, Itoga et al8 reported 

an association between PAD events and low and high SBP in a subanalysis 

of ALLHAT (Antihypertensive and Lipid-Lowering Treatment to Prevent Heart 

Attack Trial).8 Additionally, in the EUCLID trial, a higher risk of MACE was 

observed in patients with out-of-range high and low SBP.16 Recommended blood 

pressure goals for patients with PAD are consistent with the 2017 ACC/AHA 

high blood pressure guideline.5

3. The HOPE (Heart Outcomes Prevention Evaluation) trial enrolled patients at 

high cardiovascular risk to determine the role of ramipril in reduction of 

cardiovascular events; patients with known left ventricular systolic dysfunction 

and heart failure were excluded. Ramipril was associated with a significant 

reduction in risk of death, stroke, and revascularization In a subgroup analysis of 

patients with PAD (defined as an ABI ≤0.9), ramipril showed a similar reduction 

in risk of MI, stroke, or vascular death by 25%.10 Subsequently, in ONTARGET 

(Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint 

Trial), investigators showed similar benefits on MACE with the angiotensin-

receptor blocker telmisartan.11 In an observational study of patients with CLTI 

by Armstrong et al,12 use of ACE inhibitors or angiotensin-receptor blockers 

was associated with a significantly lower rate of MACE (HR: 0.76 [95% CI: 

0.58–0.99]; P=0.04) and overall mortality rate (HR: 0.71 [95% CI: 0.53–0.95]; 

P=0.02). No association was noted with MALE, including major amputation.12 

Although no single antihypertensive medication appears to be more effective at 

treating hypertension in patients with PAD, cardiovascular benefits are shown 

with the use of ACE inhibitors or angiotensin-receptor blockers, and these agents 

should be first line for patients with PAD and hypertension.
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5.4. Smoking Cessation for PAD

Recommendations for Smoking Cessation for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 A 1. Patients with PAD who smoke cigarettes or use any other forms of tobacco should be advised at 
every visit to quit or encouraged to maintain cessation.1–3

1 A 2. Patients with PAD who smoke cigarettes or use any other forms of tobacco should be assisted 
in developing a plan for quitting that includes pharmacotherapy (ie, varenicline, bupropion, and/or 
nicotine replacement therapies) combined with counseling, and/or referral to a smoking cessation 
program.4–9

1 B-NR 3. Patients with PAD should be advised to avoid exposure to secondhand tobacco smoke in all indoor 
or enclosed spaces, including work, home, transportation vehicles, and public places.10–14

Synopsis: Cigarette smoking and other forms of tobacco use are strong, dose-responsive 

risk factors for PAD development.15–17 Quitting smoking and other forms of tobacco is 

important for reducing the risk of developing PAD, the progression of established PAD, 

and the risk of limb-related events and death. The continual encouragement by health care 

professionals of those they are treating for PAD is important in the process of quitting 

and sustaining smoking cessation. Both pharmacological and behavioral-based strategies, 

alone or in combination, increase the cessation rate in those with PAD.4,6,18 However, these 

strategies are underutilized. In addition to quitting, the avoidance of secondhand smoke 

is recommended to reduce MACE in those with established PAD. The use of electronic 

nicotine delivery systems should be discouraged in general and discouraged as a transitional 

tool from cigarettes to smoking cessation, because data are inadequate on the potential 

health effects.19

Recommendation-Specific Supportive Text

1. Overall, in the United States, 68% of adult smokers want to quit, 55% report 

attempting to quit, but only 7% are successful. Sparse direct evidence exists 

regarding the association of electronic nicotine delivery systems and cannabis 

for the development and progression of PAD.20 Long-term water pipe use (ie, 

hookah) increases risk factors associated with PAD and CAD.21 Observational 

studies suggest that smoking cessation is associated with lower rates of MALE, 

including bypass graft failure and amputation, as well as death in patients with 

PAD.22–25 The risk of PAD development remains >2 times higher than that of 

never-smokers for up to 10 to 20 years after quitting and does not return to the 

risk of a nonsmoker until after 30 years after quitting.17 Clinician advice and 

encouragement increase cessation rates, which supports simple provider-based 

measures as a component of smoking cessation programs.1–3

2. Coordinated smoking cessation interventions that combine nonpharmacological 

and pharmacological approaches can increase cessation rates by 2 to 3 times 

that of self-quit attempts.10 An RCT of a follow-up program and smoking 

cessation medications provided to hospitalized patients, including those with 

PAD, showed a modest increase in cessation rates.6,18 Pharmacotherapy is 

more effective when combined with counseling.26–28 In an RCT of patients 

with PAD, a comprehensive smoking cessation program combining counseling 
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and pharmacological agents increased the rates of smoking cessation to 21%, 

compared with 7% with standard advice alone.4 Three US Food and Drug 

Administration (FDA)-approved pharmacological approaches (ie, varenicline, 

bupropion, and nicotine replacement therapy) used alone or in combination all 

increase smoking cessation rates.3,5,7 Two meta-analyses of RCTs of smoking 

cessation medications showed no evidence of increase in MACE with nicotine 

replacement, bupropion, or varenicline.8,9 Emerging data have demonstrated that 

electronic nicotine delivery systems have a positive effect on smoking cessation 

rates.29–31 However, long-term health-related outcomes (MACE and MALE) 

with use of electronic nicotine delivery systems have not been evaluated.3 

Additional clinical investigation of electronic nicotine delivery systems in 

patients with PAD is needed to establish their safety and efficacy for smoking 

cessation in this patient population.

Despite multiple available tools, smoking cessation support strategies are 

underutilized among patients with PAD.32 Clinicians caring for patients with 

PAD should include smoking cessation in the treatment plan and prescribe 

therapy based on current guidelines, including a 2018 ACC expert consensus 

decision pathway.33

3. Secondhand smoke contains nicotine, fine particulates, and toxic chemicals, and 

is associated with an increased risk of all-cause death, stroke, and CVD.10–12 

Moderate-quality evidence has associated secondhand smoke exposure with the 

development of PAD.13,14 Emissions from electronic nicotine delivery systems 

(ie, e-cigarettes, vaping) contain nicotine, particulates, and other toxic chemicals, 

but at a lower amount than tobacco smoke.19,20,34 The effects of avoiding passive 

smoke and electronic nicotine delivery system emission exposure on MALE 

among patients with PAD are unknown.20 Observational studies have shown 

lower rates of MACE in the general population after enactment of smokefree 

legislation, although the effect of such interventions on limb-related events 

remains unknown.35

5.5. Diabetes Management for PAD

Recommendations for Diabetes Management for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 A 1. In patients with PAD and type 2 diabetes, use of glucagon-like peptide–1 agonists (liraglutide and 
semaglutide) and sodium-glucose cotransporter-2 (SGLT-2) inhibitors (canagliflozin, dapagliflozin, 
and empagliflozin) are effective to reduce the risk of MACE.1–12

1 C-EO 2. In patients with PAD, management of diabetes should be coordinated among members of the 
health care team.

2b B-NR 3. In patients with PAD and diabetes, glycemic control may be beneficial to improve limb 
outcomes.13–16

Synopsis: Diabetes is an important risk factor for development of PAD and for progression 

to CLTI. A guideline-based program of pharmacological and nonpharmacological therapies 

(including weight management) should be implemented for patients with diabetes and 
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underlying PAD. Updated care standards, including recommendations for approach to 

pharmacological therapy for patients with diabetes, have been published and are beyond 

the scope of this document.17 Recent RCTs have demonstrated reduction in MACE 

among patients with PAD and type 2 diabetes treated with glucagon-like peptide-1 

agonists or sodium glucose cotransporter-2 inhibitors.1–12 Adequate glycemic control in 

this patient population has been associated with improved outcomes in observational studies, 

particularly among patients with CLTI.13–16,18,19 A coordinated effort among clinicians is 

essential, and a diabetes care plan should be customized to each individual depending on 

clinical status and risk factors.

Recommendation-Specific Supportive Text

1. Glucagon-like peptide-1 agonists (liraglutide and semaglutide) and SGLT-2 

inhibitors (canagliflozin, dapagliflozin, and empagliflozin) have been 

demonstrated to reduce MACE in RCTs of patients with type 2 diabetes 

and CVD, including underlying PAD.1,2,7,8,10 At baseline, 12.5% of patients 

in the LEADER (Liraglutide Effect and Action in Diabetes: Evaluation of 

Cardiovascular Outcome Results) trial and 13.7% of patients in SUSTAIN-6 

(Trial to Evaluate Cardiovascular and Other Long-term Outcomes With 

Semaglutide in Subjects With Type 2 Diabetes) had PAD.1,2 In subgroup 

analyses, the presence of PAD was associated with increased risk of MACE 

in both the LEADER trial and SUSTAIN-6, and the use of a glucagon-like 

peptide-1 agonist was associated with reduced MACE.6 In the LEADER trial, 

at a median of 3.8 years follow-up, the primary composite MACE outcome 

occurred in 13.0% of patients in the placebo group compared with 14.9% of 

patients in the liraglutide group (HR: 0.87; P<0.001).1 In SUSTAIN-6, at a 

median of 2.1 years of follow-up, the primary composite MACE outcome, which 

included first occurrence of cardiovascular death, nonfatal MI, or nonfatal stroke, 

occurred in 6.6% of patients in the semaglutide group and 8.9% of patients in the 

placebo group (HR: 0.74; P<0.001).2 These benefits do not appear to be related 

to a class effect given that findings were not replicated in studies dedicated 

to other glucagon-like peptide-1 agonists, including lixisenatide, exenatide, 

and dulaglutide.3–5 Study of the glucagon-like peptide-1 agonist tirzepatide 

in patients with diabetes and CVD is ongoing.20 Multiple RCTs have also 

demonstrated benefit in terms of reduction of MACE with use of SGLT-2 

inhibitors (canagliflozin, dapagliflozin, and empagliflozin) in patients with type 

2 diabetes and underlying PAD. In EMPA-REG OUTCOME (Empagliflozin 

Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients), 21% 

of patients had known PAD.7 Empagliflozin was associated with a reduction 

in cardiovascular death, nonfatal MI, and nonfatal stroke (10.5% vs 12.1%; 

P=0.04). Similarly, in CANVAS (CANagliflozin cardiovascular Assessment 

Study), 21% of patients had known PAD, and canagliflozin was associated 

with a reduction in cardiovascular death, nonfatal MI, or nonfatal stroke 

(HR: 0.86; P<0.01).10 In the DECLARE-TIMI 58 (Dapagliflozin Effect on 

CardiovascuLAR Events-Thrombolysis In Myocardial Infarction 58) study, 

dapagliflozin was not associated with significant reduction in MACE; however, 
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there was a significant reduction in cardiovascular death or hospitalization for 

heart failure (4.9% versus 5.8%; P=0.005).8 The reduction in MACE events did 

not appear to extend to ertugliflozin in the VERTIS CV trial (Cardiovascular 

Outcomes Following Ertugliflozin Treatment in Type 2 Diabetes Mellitus 

Participants With Vascular Disease).9 Notably, the safety of canagliflozin in 

patients with PAD has been evaluated by the FDA, given an increased rate of 

associated lower extremity amputations in the CANVAS trial (6.3 versus 3.4 

placebo per 1000 patient years; P<0.001).10 Most amputations were minor and 

occurred at the toe or metatarsal level (71%).10 However, these findings were not 

reproduced in the CREDENCE (Canagliflozin and Renal Events in Diabetes with 

Established Nephropathy Clinical Evaluation) trial or a more recently published 

systematic review and meta-analysis of 30 trials.11,12 A subgroup analysis of 

patients with PAD at baseline (n=1462; 20.8%) in EMPA-REG OUTCOME 

showed superior limb survival in patients treated with empagliflozin versus 

placebo.7 Because of the conflicting subsequent data, the black box warning 

associated with canagliflozin was removed by the FDA in August 2020.21 

For patients with PAD who have heart failure, RCT data and clinical practice 

guidelines further support the use of SGLT2 inhibitors to prevent MACE.22 

Overall, these data provide robust support for use of these agents to reduce 

MACE among patients with PAD and type 2 diabetes.

2. Diabetes is associated with an increased risk of PAD, with an odds ratio ranging 

from 1.89 to 4.05.23 In the EUCLID trial, of the 13 885 patients enrolled, 

5345 patients (38.5%) had diabetes.18 It has been estimated that approximately 

50% of patients with CLTI have diabetes.24 In patients with known PAD, the 

presence of diabetes confers increased risk for MACE and MALE outcomes, 

including progression to CLTI, amputation, and death.25 In a subgroup analysis 

of patients with diabetes in the EUCLID trial, a 14.2% increased relative risk 

of MACE (95% CI: 1.09–1.2; P<0.0001) was observed with every 1% increase 

in hemoglobin A1c, suggesting an opportunity for improved glycemic control to 

improve outcomes in this patient population.18 Management of diabetes should 

include a coordinated care plan among clinicians to address diet, exercise, 

weight management, pharmacotherapy for glycemic control, management of 

other cardiovascular risk factors, and foot care and ulcer prevention.

3. Poor glycemic control is a known risk factor for diabetic neuropathy, which 

is associated with diabetic foot ulcer development, a cardinal manifestation of 

CLTI.26,27 Multiple population-based and clinical observational studies have 

demonstrated an association between incrementally higher hemoglobin A1c 

values and MALE, particularly amputation, among patients with PAD and 

diabetes. In the Strong Heart study, in a cohort of 1974 patients who had 

diabetes, patients with PAD and a hemoglobin A1c level of <6.5% had a 

lower age-adjusted odds ratio of major amputation during longitudinal follow-

up compared with those with a hemoglobin A1c level of 6.5% to 9.5% and 

hemoglobin A1c level of >9.5%.19 Lane et al performed a meta-analysis of 

patients with diabetic foot ulcers and found a lower risk of amputation associated 
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with a hemoglobin A1c level of <8%.13 Preprocedural glycemic control has 

also been associated with outcomes after revascularization for PAD. In a large 

observational study from the US Department of Veterans Affairs database (N=26 

799), poor glycemic control, as measured by preprocedural hemoglobin A1c 

levels, was associated with increased risk of MALE during longitudinal follow-

up, including amputation, among individuals with PAD undergoing endovascular 

or surgical revascularization.16 In an observational study of 278 patients with 

CLTI undergoing endovascular revascularization, diabetes with poor glycemic 

control (defined as hemoglobin A1c level ≥6.8%) was associated with risk of 

major amputation.14 Similarly, in a registry-based series of 309 infrapopliteal 

endovascular procedures performed in patients with PAD and either CLTI or 

ALI, a preprocedural median fasting blood glucose ≥144 mg/dL was associated 

with a higher rate of major amputation and lower primary patency at the 

interventional site.15 Although further study of the impact of glycemic control 

on limb outcomes is warranted, these data support diabetes management as a 

component of GDMT for patients with PAD.

5.6. Other Medical Therapies for Cardiovascular Risk Reduction in PAD

Recommendations for Other Medical Therapies for Cardiovascular Risk Reduction in PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 C-LD 1. Patients with PAD should receive an annual influenza vaccination.1–5

1 C-EO 2. Patients with PAD should receive the severe acute respiratory syndrome-coronavirus-2 
(SARS-CoV-2) vaccination sequence, including the booster(s).

2a B-R 3. In patients at high cardiovascular risk, a diet emphasizing intake of vegetables, fruits, 
legumes, nuts, whole grains, and fish can be beneficial for reducing the risk of developing 
PAD and the risk of MACE.6–15

3: No Benefit B-R 4. In patients with PAD, B-complex vitamin supplementation to lower homocysteine levels 
is not beneficial for prevention of MACE.16–18

3: No Benefit B-R 5. In patients with PAD, chelation therapy (eg, EDTA) is not beneficial for prevention of 
MACE.19,20

3: No Benefit B-R 6. In patients with PAD, vitamin D supplementation is not beneficial for prevention of 
MACE.21–25

Synopsis: In addition to other elements of GDMT for patients with PAD previously 

outlined (see Section 5.1, “Antiplatelet and Antithrombotic Therapy for PAD,” Section 5.2, 

“Lipid-Lowering Therapy for PAD,” Section 5.3, “Antihypertensive Therapy for PAD,” 

Section 5.4, “Smoking Cessation for PAD,” and Section 5.5, “Diabetes Management for 

PAD”), data also support the consideration of other medical therapies, including vaccination 

against influenza,1–5 the SARS-CoV-2 vaccination sequence, and a focus on healthy diet,6–

15 for cardiovascular risk reduction in patients with PAD. No compelling evidence exists 

to support the use of vitamin supplementation (B-complex or vitamin D)16–18,21–25 or 

chelation therapy to reduce risk of MACE in patients with PAD.19,20
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Recommendation-Specific Supportive Text

1. Observational studies have shown reduced cardiovascular event rates among 

patients with CVD who have received an influenza vaccination.1 RCTs that 

enrolled patients with CAD, both with stable disease and after an acute coronary 

syndrome, have shown a benefit of an influenza vaccination on the prevention 

of cardiovascular events, particularly coronary ischemic events.2–5 Although 

these trials did not specifically enroll participants with PAD, approximately 

one-third of patients with PAD have concomitant CAD,26,27 and influenza 

vaccination is generally recommended for secondary prevention among patients 

with noncoronary CVD.1

2. Although data supporting the use of SARS-CoV-2 vaccination in patients with 

CVD are emerging, observational studies have suggested that patients with 

cardiovascular comorbidities such as PAD have a higher risk for hospitalization, 

thrombotic events, and death with SARS-CoV-2 infection.28,29 In patients at 

high risk for complications from SARS-CoV-2, vaccination is recommended. 

The US Centers for Disease Control and Prevention has published updated 

recommendations for SARS-CoV-2 vaccination for adults.30

3. Healthy nutrition is important for preventing the development of atherosclerotic 

CVD, including PAD, as well as reducing MACE in high-risk patients.6,7 Many 

studies of different dietary interventions in CVD have focused on primary 

prevention of cardiovascular events in high-risk populations or patients with 

CAD. Reductions in blood pressure and cardiovascular events were observed 

with dietary sodium reduction in the DASH (Dietary Approaches to Stop 

Hypertension) trial and in TOHP (Trials of Hypertension Prevention).8,9 In the 

PREDIMED (Prevención con Dieta Mediterránea) study, patients randomized 

to a Mediterranean diet supplemented with extra-virgin olive oil or nuts had 

a significantly lower risk of MACE compared with a control diet in patients 

at high cardiovascular risk but without established atherosclerotic CVD.10 In 

an exploratory analysis, both Mediterranean diet arms were associated with 

lower risk of PAD.11 A secondary analysis of PREDIMED also found a 

mortality benefit associated with a “pro-vegetarian” food pattern (more vegetable 

consumption and less animal, egg, fish, dairy, or meat product consumption).12 

Observational data also support an association between a Mediterranean diet and 

reduced risk of incident PAD.13 In the Lyon Diet Heart Study, a Mediterranean 

diet compared with a Western diet was effective for secondary prevention 

of recurrent cardiovascular events in patients presenting with a first MI.14 A 

systematic review of diet and PAD has recently been published and further 

supports the need for further study, including RCTs, of the potential benefit of 

the Mediterranean diet.15

4. Although patients with PAD have been shown to have increased plasma 

homocysteine levels compared with patients without PAD, no evidence exists 

that B-complex vitamin supplementation improves their clinical outcomes.16–18 

The HOPE-2 (Heart Outcomes Prevention Evaluation-2) trial randomized 5522 
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patients with atherosclerotic CVD, including symptomatic PAD, or diabetes with 

additional risk factors to receive folic acid/vitamin B6/vitamin B12 or placebo.16 

Despite lowering of homocysteine levels in the vitamin supplementation arm, 

no improvement was observed in the primary MACE endpoint of cardiovascular 

death, MI, or stroke.

5. In a Cochrane review of 5 studies of chelation for atherosclerotic CVD, including 

3 that enrolled patients with PAD, chelation therapy showed no significant 

difference in symptoms (maximal and pain-free walking distance) compared with 

placebo.19 MACE, with the exception of stroke, was not examined in chelation 

studies in patients with PAD; no difference in stroke was shown in patients 

treated with chelation versus placebo.19 A subgroup analysis of TACT (Trial 

to Assess Chelation Therapy) among post-MI patients with diabetes and PAD 

showed a significant reduction in a composite endpoint of MACE and all-cause 

death.20 Prospective evaluation of this post hoc finding is warranted.

6. Lower levels of vitamin D have been variably associated with increased risk of 

PAD.25 In NHANES, patients with PAD had lower plasma levels of vitamin D 

than patients without PAD,24 and data from the ARIC (Atherosclerosis Risk in 

Communities) study showed an association between lower vitamin D levels and 

30% increased risk of incident PAD.23 In contrast, baseline hypovitaminosis D 

was not predictive of development of PAD in an elderly cohort.22 Vitamin D 

supplementation for prevention of CVD has been a subject of interest and has 

been mainly studied in patients at higher risk based on age or comorbidities, 

although not specifically in the presence of PAD.21 In a meta-analysis of 21 

RCTs including 83 291 high-risk patients, supplementation with vitamin D 

showed no benefit for reduction in MACE or all-cause death.21

5.7. Medications for Leg Symptoms in Chronic Symptomatic PAD

Recommendations for Medications for Leg Symptoms in Chronic Symptomatic PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

Cilostazol

1 A 1. In patients with claudication, cilostazol is recommended to improve leg symptoms and 
increase walking distance.1–4

2b B-R 2. In patients with PAD, cilostazol may be useful to reduce restenosis after endovascular 
therapy for femoropopliteal disease.5–7

3: Harm C-LD 3. In patients with PAD and congestive heart failure of any severity, cilostazol should not be 
administered.8–10

Pentoxifylline

3: No Benefit B-R 4. In patients with chronic symptomatic PAD, pentoxifylline is not recommended for 
treatment of claudication.11,12

Chelation Therapy

3: No Benefit B-R 5. In patients with chronic symptomatic PAD, chelation therapy is not recommended for 
treatment of claudication.13
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Synopsis: In patients with chronic symptomatic PAD and claudication, medical therapy 

with cilostazol has been shown to reduce symptoms of claudication and improve walking 

distance.1–4 In limited studies, cilostazol has also been shown to reduce restenosis after 

endovascular therapy for femoropopliteal stenosis and may therefore be useful in patients 

undergoing such therapy.5–7 Cilostazol is a phosphodiesterase III inhibitor; previous 

evaluation of oral milrinone—also a phosphodiesterase inhibitor—was shown to increase the 

mortality rate in patients with severe chronic heart failure. As a result, cilostazol is labeled 

as contraindicated in patients with congestive heart failure.8–10 Other medical therapies, 

including pentoxifylline and chelation therapy, have not been shown to provide benefit in 

terms of leg symptoms for individuals with symptomatic stable PAD and are therefore not 

recommended.11–13

Recommendation-Specific Supportive Text

1. In a Cochrane review of 15 double-blind RCTs with 3718 participants, 

cilostazol was associated with improvement in claudication symptoms but 

no changes in cardiovascular deaths or QOL compared with placebo.1 In a 

longitudinal prospective registry, cilostazol significantly improved Peripheral 

Artery Questionnaire (PAQ) outcomes and physical limitation score.2 In a 

network meta-analysis, cilostazol improved maximal walking distance and 

ABI.3 In an observational study, cilostazol improved QOL and lower limb 

functional status assessed by questionnaires.4 When considering cilostazol 

therapy, potential adverse effects, risks, and cost should be weighed against 

potential benefit. Adverse effects include headache, diarrhea, dizziness, and 

palpitations.8 In 1 case series, 20% of patients who were prescribed cilostazol 

for claudication discontinued it within 3 months.14 It may be valuable to assess 

patient tolerance of cilostazol at 2 to 4 weeks and to evaluate benefit within 3 to 

6 months to determine whether long-term therapy will be beneficial.

2. In addition to demonstrated benefit for patients with claudication, recent data 

have suggested potential benefit of cilostazol in prevention of in-stent restenosis 

in patients who have undergone stenting of the femoropopliteal segment. In 

1 blinded RCT of cilostazol versus nonplacebo control, cilostazol improved 

primary patency at 3 years after bare-metal femoropopliteal stent treatment.5 In 

a subgroup analysis of an RCT of a paclitaxel-eluting stent, cilostazol reduced 

the rate of restenosis at 1 year after stent treatment of femoropopliteal stenosis.7 

In a meta-analysis of 3 RCTs and 5 observational studies with 3846 patients, 

compared with placebo after femoropopliteal endovascular therapy, cilostazol 

improved primary patency, target lesion revascularization, and MALE, including 

major amputation at a median of 12.5 months follow-up.6

3. Cilostazol is a phosphodiesterase III inhibitor; studies of another 

phosphodiesterase inhibitor (ie, oral milrinone) have shown excess mortality 

in patients with heart failure with reduced ejection fraction treated with these 

agents.9 Out of concern for a potential class effect, the package insert for 

cilostazol states that it is contraindicated in patients with heart failure of any 
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severity, although evidence is limited in patients with heart failure with preserved 

ejection fraction.8–10

4. In a multicenter RCT of pentoxifylline, cilostazol, or placebo for patients 

with moderate-to-severe claudication, no difference was observed between 

pentoxifylline and placebo in the primary endpoint of maximal walking 

distance.12 In a Cochrane review of 24 studies with 3377 participants, large 

variability was observed in study design and results between individual studies, 

and therefore the assessment of effectiveness was uncertain.11 Pentoxifylline was 

shown to be generally well tolerated.11

5. In a Cochrane review of chelation therapy (eg, EDTA) that included 2 clinical 

trials with walking endpoints in patients with PAD, chelation therapy showed 

no significant improvement in claudication symptoms (maximal and pain-free 

walking distance) compared with placebo.13

5.8. Preventive Foot Care for PAD

Recommendations for Preventive Foot Care for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 C-LD 1. In patients with PAD, providing general preventive foot self-care education to patients and their 
family members and support persons is recommended.1–7

1 C-EO 2. In patients with PAD, foot inspection by a clinician at every visit is recommended.

1 C-LD 3. In patients with PAD at high risk for ulcers and amputation (Table 12), therapeutic footwear is 
recommended.8,9

1 C-EO 4. In patients with PAD, a comprehensive foot evaluation (Table 13) should be performed at least 
annually to identify risk factors for ulcers and amputation.

2a B-NR 5. In patients with PAD, referral to a footcare specialist, when available, is reasonable for ongoing 
preventive care and longitudinal surveillance.10–16

Synopsis: PAD increases the risk of foot ulcers, infection, and amputation, and carries a 

40% rate of death at 5 years after a foot ulcer has developed.6,17 The presence of foot ulcers 

is also associated with anxiety, depression, and reduced QOL.4,5 Risk factors for developing 

foot ulcers is presented in Table 12. Diabetes is a particularly important risk factor for 

development of ulcers; between 19% and 34% of patients with diabetes are estimated to 

develop foot ulcers in their lifetime.6 Foot care is an important component of care for 

patients with PAD (Figure 4), and patients should have their bare feet routinely inspected by 

clinicians during office visits. When available, referral to a footcare specialist is reasonable 

for ongoing foot examinations and surveillance. Vascular specialists can help provide 

patients with PAD with ongoing preventive care and lifelong surveillance and perform an 

annual comprehensive foot evaluation (Table 13). Wearing therapeutic footwear can reduce 

the risk of foot ulcers in patients with PAD and severe neuropathy, foot deformities, ulcer 

or Charcot history, callus formation, or history of amputation. Self-foot care can prevent 

foot ulcers and consists of nail and skin care, washing and drying the feet daily, doing foot 

exercises, protecting feet from heat and cold, avoid walking barefoot, and wearing socks and 

appropriately fitting shoes.1
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Recommendation-Specific Supportive Text

1. Education on foot self-care for patients with PAD and their family members 

and other support persons is important. Dry, cracked skin and corn or callus 

formation are precursors of foot ulcers, and patient education regarding foot 

care has been shown to reduce the occurrence of these lesions.2 Self-foot care 

consisting of nail and skin care, washing and drying the feet daily, performing 

foot exercises (eg, heel lifts while standing, ankle pumps, and rolling the 

bottom of the foot on a tennis ball), as well as protective measures such as 

protecting the feet from heat or cold, avoiding going barefoot, and wearing 

socks and appropriately fitting shoes can be beneficial in preventing foot ulcers.1 

Visual impairment affects a patient’s ability to perform self-foot care.3 Teaching 

patients self-examination of the feet with methods such as using a mirror to 

reflect their own feet and enlisting family members and other support persons 

in foot care education is important. Resources for patient education for self-foot 

care have been developed by the American Diabetes Association, US Centers 

for Disease Control and Prevention, and the National Institute of Diabetes and 

Digestive and Kidney Disease.18–20 Links for patient education for self-foot care 

from these organizations are available in the reference section.

2. A proactive approach to prevention of foot ulcers through ongoing foot 

surveillance and patient self-foot care education is important, particularly 

among those with risk factors for ulceration (Table 12). In patients with PAD, 

especially those at highest risk for ulcers, foot inspection at each office visit 

is important. Shoes and socks are removed for visual inspection of the bare 

feet. The International Working Group on the Diabetic Foot guidelines propose 

the frequency of foot inspection (screening examination) depending on risk of 

ulcers: 1) low risk: annual foot screening; 2) moderate risk: assess feet every 3 to 

6 months; and 3) high risk: assess feet every 1 to 3 months.21

3. The presence of foot deformities is a risk factor for the development of foot 

ulcers among patients with PAD (Table 12). These deformities, which include 

bunions (hallux valgus), hammertoe, claw toe, flatfoot (pes planus), severe high-

arch foot (pes cavus), Charcot foot, or the arthritic foot, can lead to foot ulcers 

caused by joint immobility, friction, or pressure. Patients with these types of foot 

deformities should be referred to a podiatrist for further evaluation and care.8 

According to updated guidelines from the International Working Group on the 

Diabetic Foot, foot deformities place the foot at moderate to high risk for foot 

ulcer development, and these patients can benefit from a referral to a therapeutic 

footwear specialist. Appropriate therapeutic footwear can prevent many diabetic 

foot complications.22 Therapeutic footwear does not always imply a prescription 

shoe but one that is recommended by a specialist who understands the type or 

shape of the most protective shoe for the individual that fits properly, reduces 

plantar pressure, and can help prevent a foot ulcer in patients with diabetes who 

are at risk.8 Home foot temperature monitoring to identify local increases in skin 

temperature and areas at risk for ulceration has emerged as another potential tool 
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to reduce the incidence of foot ulcers in high-risk patients, although additional 

studies are needed.9,23

4. Foot ulcers and amputation caused by PAD or diabetic neuropathy are major 

causes of death and potential mortality in patients with these conditions. 

Knowledge of and early recognition of the risk factors for foot ulcer development 

(Table 12) can be used to identify patients at highest risk to implement 

intervention to prevent foot ulcers and amputations (eg, therapeutic footwear). 

Thus, a comprehensive foot evaluation, which is a more in-depth assessment than 

the routine foot inspection, is recommended at least annually for patients with 

PAD (Table 13).6,17,21 This recommendation is based on expert opinion. A 2015 

Cochrane database review of 6 studies of complex education-oriented preventive 

interventions versus usual care of less-intensive education reported insufficient 

evidence that the education-oriented interventions improved outcomes in 

terms of foot ulcers and lower extremity amputations, primarily because of 

heterogeneity of the studies, intervention, and outcomes, and small number of 

events.7

5. Because of the complexity of PAD, a multispecialty care team approach 

promotes collaboration and avoids duplication of care in regard to risk factor 

management, foot care, and revascularization and allows for coordinated 

management to improve outcomes for these patients.10–14,24,25 For preventive 

foot care in particular, the patient and their family or caregivers are important 

members of this care team. Engagement of foot care specialists (eg, podiatrists) 

for longitudinal follow-up is recommended by the International Working Group 

on the Diabetic Foot guidelines for patients at moderate or high risk of foot 

ulcers and is reasonable for all patients with PAD when available.16 In a study of 

Medicare claims data, patients with diabetes receiving care from a multispecialty 

care team that included a foot specialist had reduced rates of lower extremity 

amputation.15

6. EXERCISE THERAPY FOR PAD

Structured exercise therapy is an important component of care for patients with chronic 

symptomatic PAD to improve functional status, walking performance, and QOL (Figure 

4). Mechanisms of improvement in walking performance resulting from exercise training 

in those with chronic symptomatic PAD are multifactorial and not fully understood.1,2 

Predominant mechanisms include improvements in skeletal muscle strength and endurance 

(eg, mitochondrial density and activity, muscle fiber adaptations), capabilities that are 

known to occur in most healthy and chronic diseased individuals. There is also evidence 

of improvements in endothelial function, potential angiogenesis, improved blood distribution 

efficiency leading to potential calf blood flow increases, and a reduced local inflammatory 

response. Evidence does not show an increase in either microvascular or macrovascular 

blood flow after exercise training despite significant functional improvement.3,4 Although 

some evidence suggests local inflammatory adverse effects related to ischemia reperfusion 
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injury, the evidence is strong that intermittent walking to mild or moderate pain is required 

to maximize the aforementioned adaptations to maximally improve walking performance.5

Although the evidence base is strongest for supervised exercise therapy (SET), other forms 

of structured community-based exercise programs, including home-based exercise, have 

been developed, and recent studies support their use in this patient population.5–15 The types 

of structured exercise programs for PAD are defined in Table 14.

Recommendations for Exercise Therapy for PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 A 1. In patients with chronic symptomatic PAD, SET is recommended to improve walking performance, 
functional status, and QOL.7,16–28

1 A 2. In patients with chronic symptomatic PAD, a structured community-based exercise program with 
behavioral change techniques is effective to improve walking performance, functional status, and 
QOL.5–15

1 A 3. In patients who have undergone revascularization for chronic symptomatic PAD, SET after 
revascularization is effective to improve walking performance, functional status, and QOL.29–39

1 B-R 4. In patients with functionally limiting claudication, SET or a structured community-based exercise 
program should be offered as an initial treatment option.17,18,25,40

2a A 5. In patients with chronic symptomatic PAD, alternative programs of nonwalking structured exercise 
therapy (eg, arm ergometry, recumbent stepping) can be beneficial to improve walking performance, 
functional status, and QOL.19,20,41–47

2b B-R 6. In patients with chronic symptomatic PAD, the usefulness of structured walking exercise therapy 
that avoids moderate to severe ischemic symptoms is uncertain.5,45,46

2b B-R 7. In patients with chronic symptomatic PAD, the usefulness of unstructured exercise to improve 
walking performance, functional status, and QOL is uncertain.10,12,28

Synopsis

Strong, high-quality, and consistent data support the use of SET to improve functional status, 

walking performance, and QOL in patients with chronic symptomatic PAD. This includes 

those who are being considered for revascularization as exercise improvements are at least 

as effective as revascularization.17,18,40 Medicare and most commercial insurance companies 

now cover SET for patients with claudication. SET can be delivered in a clinic office space 

or hospital, although cardiac rehabilitation programs are considered an ideal setting. Some 

third-party payers may require SET to be performed in a hospital outpatient setting. When 

revascularization is performed, referral to SET can result in optimization of benefits.39

Although most randomized clinical trials have compared SET to control or usual care 

conditions, the evidence supporting a structured community-based exercise program 

(including home-based programs) continues to grow. A 2019 meta-analysis including 11 

trials and 807 patients showed that, overall, these programs improve walking performance 

and physical activity compared with usual care.11 Two additional RCTs support the efficacy 

of structured community-based exercise programs to improve functional status among 

patients with chronic symptomatic PAD.5,15 Similarly, increasing evidence exists that 

alternative forms of exercise that do not involve treadmill walking to moderate to severe 

claudication also improve walking performance and QOL, similar to improvements seen 

with traditional treadmill walking programs.19,20 Unstructured exercise programs, such as 
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education from the vascular specialist for patients with chronic symptomatic PAD to “go out 

and walk,” have not been shown to be effective and only have a limited role in care when 

structured exercise programs are unavailable.

Recommendation-Specific Supportive Text

1. Data supporting the efficacy of SET as an initial treatment for claudication are 

high quality and consistently show functional improvements, although specific 

functional measures used as outcomes across RCTs have varied.7,16–28 Trials 

with long-term follow-up using treadmill walking parameters as the performance 

measure have shown persistent benefits of SET among patients with claudication 

ranging from 18 months17,18 up to 7 years.25 However, a trial of SET using 

the 6-minute walk test (6MWT) as the performance measure did not show 

durable changes at 6 months after training ceased, highlighting an opportunity 

for future research on the durability of SET and the measures used to assess 

its efficacy (ie, traditional standard of treadmill walking versus 6MWT).48 

Data also support a benefit of SET for patients with symptomatic PAD and 

diabetes.49 The risk–benefit ratio for SET in PAD is favorable, with an excellent 

safety profile in patients screened for contraindications to exercise, such 

as exercise-limiting CVD, amputation, or wheelchair confinement, and other 

major comorbidities that would preclude exercise.6,10,25,42,43,50,51 However, 

amputation and wheelchair use should not be an absolute contraindication 

because in specific settings, alternative exercise modalities may be available 

and useful in these individuals.52 Despite the health benefits associated with 

SET, its rating as a COR 1 recommendation statement, and a covered Medicare 

benefit,53 referral rates remain very low and are approximately 2% in the 

United States.54 In patients with PAD, initiating and maintaining a high level 

of adherence to SET is challenging. Frequent contact with patients both when 

performing exercise in the supervised setting and at home, as well as multimodal 

exercise, has been somewhat effective in promoting retention in SET programs 

in the research setting.55 Although patients with asymptomatic PAD may have 

functional impairment and benefit from increased physical activity, the benefit of 

SET for patients with asymptomatic PAD has not been adequately studied.9,56 

Some patients with PAD who do not self-report claudication may experience 

limiting leg symptoms during objective assessment, such as an exercise treadmill 

ABI test or 6MWT, and may thus qualify for SET.

2. Structured community-based exercise programs have emerged as an effective 

alternative to SET for patients with chronic symptomatic PAD. Studies 

supporting structured community-based programs for patients with claudication 

or leg symptoms atypical for claudication are more recent than studies 

supporting supervised exercise programs and have provided strong evidence 

in support of the community-based approach.6,8–11,57,58 The GOALS (Group 

Oriented Arterial Leg Study)8 included patients with confirmed PAD with and 

without claudication (atypical lower extremity symptoms or no symptoms) and 

showed increases in several parameters of functional status for both of these 
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patient cohort subgroups versus nonexercising control groups after 6 months,8 

with improvement maintained at 12 months.9 As with SET, despite proven 

benefit, initiating and maintaining a high level of adherence to structured 

community-based exercise programs also remains challenging. Studies that have 

incorporated behavioral change techniques, such as health coaching and activity 

tracking used in supervised settings, appear to reduce attrition and promote 

higher levels of adherence, thereby improving functional and QOL outcomes, 

both short- and long-term.6,8,9,12 The LITE (Low Intensity Exercise Intervention 

in PAD) trial5 used virtual coaching and activity tracking in a population 

of patients with chronic symptomatic PAD and found that high-intensity 

community-based walking showed greater improvement in the 6MWT than 

low-intensity exercise or control groups. The MOSAIC (Motivating Structured 

Walking Activity in People With Intermittent Claudication) trial compared a 3-

month structured home-based walking program that involved minimal counseling 

(2 in-person sessions in week 1 and 2 20-minute telephone interventions at 

weeks 6 and 12) versus usual care with no exercise counseling.15 The exercise 

group showed significantly greater improvement in 6MWT distance than the 

usual care group.15 This evidence supports structured community-based exercise 

programs, including home-based programs, to improve functional status for 

patients with chronic symptomatic PAD.

3. A 3-month RCT that compared percutaneous transluminal angioplasty (PTA), 

SET, and combined treatment for patients with claudication caused by 

femoropopliteal disease found that both SET and PTA improved clinical 

and QOL outcomes, whereas PTA in combination with SET produced 

greater benefits than either therapy alone.39 The ERASE (Endovascular 

Revascularization and Supervised Exercise) study randomized participants with 

claudication to endovascular revascularization plus SET or SET alone.32 After 1 

year, patients in both groups had significant improvements in walking distances 

and health-related QOL, with greater improvements in the combined-therapy 

group.32 This finding of greater improvement in the combined-therapy group 

compared with SET or PTA alone has been reported in several other high-

quality randomized trials and systematic reviews and meta-analyses.29–36,38 

Collectively, these studies support the continued provision of SET to patients 

with claudication, whether as a monotherapy or combined with revascularization. 

However, the combination of revascularization and SET provides the greatest 

improvements in functional status. The combination of revascularization with 

structured community-based exercise programs, including home-based programs, 

for patients with chronic symptomatic PAD is an area in need of further study.

4. The CLEVER (Claudication: Exercise Versus Endoluminal Revascularization) 

trial randomized patients with symptomatic aortoiliac PAD and showed 

comparable benefits for SET and endovascular revascularization at 6 and 18 

months, with each therapy being superior to optimal medical care.17,18 A 

Cochrane review of 10 RCTs with 1087 participants assessed the outcomes 

of endovascular revascularization and SET on functional outcome and reported 

et al. Page 44

Circulation. Author manuscript; available in PMC 2026 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



that the former did not provide significant benefit compared with SET alone 

for functional improvement or QOL.40 An RCT that compared the 7-year 

effectiveness of SET or endovascular revascularization in patients with stable 

claudication with iliac or femoropopliteal disease found no differences in 

improved walking and QOL outcomes.25 Although more secondary interventions 

occurred in the exercise group, the total number of interventions was greater 

in the endovascular revascularization group. Collectively, these studies provide 

strong support for initially offering SET to patients with limiting claudication 

and no evidence of CLTI, both for reducing claudication symptoms and for 

improving functional status and QOL. When SET is unavailable, a structured 

community-based exercise program should be offered (see Recommendation 2).

5. Exercise therapy protocols for PAD have traditionally recommended bouts of 

intermittent walking to moderate or higher pain levels interspersed with short 

periods of rest. Some patients may be reluctant to engage in exercise that causes 

moderate to severe ischemic symptoms. More recently, an increasing number 

of studies have shown that programs that incorporate alternative regimens of 

exercise can achieve health benefits comparable to walking at moderate or 

higher levels of claudication pain.19,41,42,44,59 These alternative regimens avoid 

claudication and include nonwalking modalities of exercise, such as arm or leg 

cycling and recumbent stepping.19,41,42,44,59,60 Two 2015 meta-analyses provide 

evidence that alternative forms of exercise improve walking performance and 

QOL in patients with PAD.19,20 Resistance training, particularly if done at high 

intensity, has also been shown to improve outcomes in patients with PAD in 

some, but not all, studies.41,61

6. Studies examining the effects of low-intensity treadmill walking to onset of pain 

have demonstrated improvements in treadmill performance similar to that of 

exercise programs that induce moderate to severe symptoms.45,46,62 However, 

1 clinical trial has recently shown that a year-long program of low-intensity 

community-based walking exercise did not improve 6MWT distances compared 

with a control group.5 It should be noted that the studies that performed 

treadmill-based exercise therapy evaluated outcomes with a graded treadmill 

test while the community-based walking trial evaluated change in walking 

performance with both a graded treadmill test and a 6MWT, and neither of 

them showed improvement in the low-intensity group compared with the control 

group.5,46,62

7. Although a very strong evidence base supports SET and structured community-

based exercise programs for patients with chronic symptomatic PAD, no 

compelling evidence shows that unstructured exercise, such as patient self-

directed efforts or advice from a health care professional to “go out and 

walk,” can improve walking performance or QOL. Walking advice and general 

educational sessions have been used as the control arms of RCTs that have 

studied SET and various structured community-based exercise programs but have 

not shown any consistent benefit on outcomes.10–12,28 Thus, the usefulness of 

unstructured exercise for patients with chronic symptomatic PAD to improve 
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walking performance, functional status, and QOL is uncertain, and providing 

access to structured exercise is a core component of care for these patients.

7. REVASCULARIZATION FOR ASYMPTOMATIC PAD

The management of the patient with PAD without reported symptoms (asymptomatic PAD) 

focuses on GDMT (see Section 5, “Medical Therapy and Preventive Foot Care for the 

Patient With PAD”) (Figure 4). Occasionally, surgical or endovascular revascularization 

procedures are performed in asymptomatic patients to support other invasive clinically 

necessary procedures.

Recommendations for Revascularization for Asymptomatic PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

2a B-NR 1. In patients with asymptomatic PAD, it is reasonable to perform revascularization procedures 
(endovascular or surgical) to reconstruct diseased arteries if needed for the safety, feasibility, 
or effectiveness of other procedures (eg, transfemoral aortic valve replacement, mechanical 
circulatory support, endovascular aortic aneurysm repair).1–8

3: Harm B-NR 2. In patients with asymptomatic PAD, revascularization procedures (endovascular or surgical) 
should not be performed solely to prevent progression of disease.9–16

Synopsis

Patients with PAD may be asymptomatic despite having a significant burden of arterial 

lesions (stenoses, occlusions, or both). Here, we focus on patients with known arterial 

lesions who have no leg symptoms (asymptomatic PAD, see Section 2, “Clinical Assessment 

for PAD”). Although patients with asymptomatic PAD may have functional impairment 

compared with those without PAD, revascularization procedures are rarely indicated, 

particularly given the increased risk of MALE after revascularization, including the need 

for future procedures.

Recommendation-Specific Supportive Text

1. In patients with PAD, endovascular or surgical revascularization procedures 

can be performed to reconstruct diseased arteries if needed to facilitate other 

clinically necessary procedures, including catheter-based cardiac or vascular 

procedures (eg, transfemoral aortic valve replacement, mechanical circulatory 

support, endovascular abdominal aortic aneurysm repair). This has been 

accomplished through conduit placement (eg, iliac artery conduit that is turned 

into an iliofemoral bypass at the end of the procedure), endovascular stenting 

to create an endoconduit,1 or other ancillary techniques that facilitate the safety 

of sheath insertion and removal.2,3 The Society for Cardiovascular Angiography 

and Interventions has published recommendations regarding specific clinical 

scenarios.4,5 There are also alternative access approaches for these procedures 

that can be used in patients with challenging anatomy due to obstructive PAD 

lesions,6,7 but alternative access can be associated with an increased risk of 

vascular complications.8
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2. Some patients with asymptomatic PAD can progress to symptomatic 

disease during longitudinal follow-up, emphasizing the need for longitudinal 

care of these patients (see Section 12, “Longitudinal Follow-Up of 

PAD”).17 However, no data suggest that invasive treatment while PAD is 

asymptomatic will alter its natural history. Data have shown that patients 

who have undergone a revascularization procedure are at increased risk of 

subsequent complications, particularly MALE, including the need for additional 

subsequent revascularization procedures.9–16 Consequently, the risk-benefit 

assessment of revascularization in a patient with asymptomatic PAD argues 

against revascularization in this setting. Therefore, no evidence supports a 

recommendation for early revascularization for asymptomatic individuals.

8. REVASCULARIZATION TECHNIQUES AND REGISTRIES FOR CHRONIC 

SYMPTOMATIC PAD AND CLTI

Revascularization procedures have been studied extensively for patients with PAD and are 

generally offered to treat symptoms of claudication or the more severe PAD presentations 

of CLTI and ALI. In the sections that follow, we provide recommendations for the 

range of these revascularization procedures for chronic symptomatic PAD (claudication) 

and CLTI, along with therapies that are used adjunctively with revascularization in 

the setting of CLTI. Although recommendations addressing endovascular and surgical 

revascularization are provided, this document does not address specific technical aspects of 

revascularization, including choice of devices for endovascular treatment of specific lesions. 

Meta-analyses and appropriate use documents addressing specific technical scenarios have 

been published.1–3

Data registries, including the VQI (Vascular Quality Initiative), NCDR (National 

Cardiovascular Data Registry), PVI (Peripheral Vascular Intervention) Registry (now 

incorporated into the VQI), and the Society of Interventional Radiology VIRTEX Registry, 

have been developed by professional societies to allow for tracking of revascularization 

procedures and patient outcomes with opportunities for local quality improvement initiatives 

and benchmarking compared with other centers.4,5

9. REVASCULARIZATION FOR CLAUDICATION (CHRONIC SYMPTOMATIC 

PAD)

Patients with chronic symptomatic PAD have leg symptoms and functional limitation 

but do not have rest pain or tissue loss indicating CLTI (see Section 2, “Clinical 

Assessment for PAD”). An important manifestation of chronic symptomatic PAD is 

claudication, reproducible exertional leg symptoms that resolve with rest. Treatment for 

claudication includes medical therapy and foot care (see Section 5, “Medical Therapy 

and Preventive Foot Care for the Patient With PAD”), structured exercise (see Section 

6, “Exercise Therapy for PAD”), and revascularization (endovascular, surgical, and 

hybrid procedures). Revascularization therapy is typically reserved for those patients with 

claudication who have not responded adequately to the former therapies (Figure 5). Most 
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studies of revascularization for patients with chronic symptomatic PAD enrolled patients 

with claudication, which is therefore the focus of this section. The potential effects of 

revascularization on patients with chronic symptomatic PAD with leg symptoms other than 

claudication is an area in need of further study.

9.1. Revascularization for Claudication

Recommendations for Revascularization for Claudication
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

Revascularization for Claudication: Initial Decision-Making

1 B-NR 1. In patients with functionally limiting claudication who are being considered for 
revascularization, potential benefits with respect to QOL, walking performance, and overall 
functional status should be weighed against the risks and durability of intervention and 
possible need for repeated procedures.1–6

2a B-R 2. In patients with functionally limiting claudication and an inadequate response to GDMT 
(including structured exercise), revascularization is a reasonable treatment option to improve 
walking function and QOL.7–14

3: No Benefit C-EO 3. In patients with claudication who have had an adequate clinical response to GDMT 
(including structured exercise), revascularization is not recommended.

Revascularization for Claudication: Aortoiliac Disease and Femoropopliteal Disease (Excluding Common 
Femoral Artery Disease)

1 A 4. In patients with functionally limiting claudication and hemodynamically significant 
aortoiliac or femoropopliteal disease with inadequate response to GDMT (including 
structured exercise), endovascular revascularization is effective to improve walking 
performance and QOL.7–28

2a B-NR 5. In patients with functionally limiting claudication and hemodynamically significant 
aortoiliac or femoropopliteal disease with inadequate response to GDMT (including 
structured exercise), surgical revascularization is reasonable if perioperative risk is 
acceptable and technical factors suggest advantages over endovascular approaches.29–31

Revascularization for Claudication: Common Femoral Artery Disease

2a B-R 6. In patients with functionally limiting claudication and hemodynamically significant 
common femoral artery disease with inadequate response to GDMT (including structured 
exercise), surgical endarterectomy is reasonable, especially if endovascular approaches 
adversely affect profunda femoris artery pathways.32,33

2b B-R 7. In patients with functionally limiting claudication and hemodynamically significant 
common femoral artery disease with inadequate response to GDMT (including structured 
exercise), endovascular approaches may be considered in those at high risk for surgical 
revascularization and/or if anatomical factors are favorable (ie, no adverse effect on 
profunda femoris artery pathways).33–40

Revascularization for Claudication: Infrapopliteal Disease

2b C-LD 8. In patients with functionally limiting claudication and isolated hemodynamically 
significant infrapopliteal disease with inadequate response to GDMT (including structured 
exercise), the effectiveness of endovascular revascularization is unknown.41

2b C-LD 9. In patients with functionally limiting claudication and isolated hemodynamically 
significant infrapopliteal disease with inadequate response to GDMT (including structured 
exercise), the effectiveness of surgical revascularization is unknown.42

Synopsis: Ongoing reevaluation of patients with claudication is important to assess 

response to treatment (see Section 12, “Longitudinal Follow-Up of PAD”) (Figure 5). 

Patients with claudication who have had an adequate response to GDMT (see Section 

5, “Medical Therapy and Preventive Foot Care for the Patient With PAD”), including 

structured exercise (see Section 6, “Exercise Therapy for PAD”), and who no longer 

have significant impairment of functional status, walking performance, and QOL should 

continue with prescribed therapies and should not undergo revascularization. For those 
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patients with claudication who do not improve with GDMT, revascularization procedures are 

the next therapeutic option. When revascularization is contemplated, history and physical 

examination, physiological testing, and imaging studies (see Section 3, “Diagnostic Testing 

for PAD”) that include anatomic evaluation of disease help inform treatment decisions 

and planning of revascularization. Revascularization is performed on lesions that are 

deemed to be hemodynamically significant, and resting or provoked intravascular pressure 

measurements may be useful when lesion significance is in question.43,44 Revascularization 

decisions are based on many factors: clinical presentation, including severity of the 

patient’s symptoms and anticipated natural history; degree of functional limitation and QOL 

impairment; response to medical therapy, including structured exercise; and the likelihood 

of a beneficial short- and longer-term outcome, balanced against potential short-term (eg, 

bleeding, infection, MACE) and longer-term procedural risk.1–3,5,6,23,45 Patient-centered 

discussions are critical in making appropriate decisions regarding revascularization and for 

building a trusting longitudinal relationship. More than 70% of patients prefer to have 

an active role in determining their treatment plan for claudication.46–48 Such discussions 

should be undertaken when considering whether to undergo a revascularization procedure, 

its timing, and approach for revascularization (ie, endovascular or surgical), and should 

take into account the patient’s goals, treatment preferences, and perception of risk. Patient 

engagement is also essential to facilitate smoking cessation, medication adherence, and 

participation in structured exercise.

Endovascular therapy typically involves the displacement or removal of stenotic or 

occlusive atherosclerotic disease using catheter-based techniques. Endovascular techniques 

for claudication include PTA (sometimes referred to as “plain-old balloon angioplasty”); 

drugcoated balloon angioplasty; bare-metal, drug-eluting, and covered stents; lithotripsy; 

and atherectomy. Endovascular tools are selected based upon lesion characteristics (eg, 

anatomic location, lesion length, degree of calcification), operator experience, and the range 

of available technologies. The appropriateness of particular endovascular therapies for the 

treatment of claudication is beyond the scope of this document but has been addressed in 

other multisocietal statements.49–51

Surgical revascularization for claudication most commonly involves the removal of plaque 

from diseased arteries (endarterectomy) or bypass around narrowed or occluded segments, 

sometimes performed in combination with endovascular treatments (“hybrid approaches”). 

Assessment of options for bypass conduit is performed as part of evaluation for surgical 

revascularization.

Factors such as diabetes, poor functional status, frailty, ESKD, and obesity have all 

been shown to increase the risks of complications for patients undergoing surgical 

revascularization, and caution is warranted in offering surgical treatment to patients with 

several of these conditions.52
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Recommendation-Specific Supportive Text

Revascularization for Claudication: Initial Decision-Making

1. Treatment of claudication can improve health-related QOL as well as pain-free 

and total walking distance.7–14 Both parameters should be evaluated, when 

possible, before and after revascularization for claudication. However, given 

the benefits of the less invasive measures of GDMT and structured exercise, 

revascularization is a second-tier treatment for most patients with claudication. 

Patients and clinicians should collaboratively consider the evidence-based, 

anticipated interventional outcome compared with the existing patient QOL and 

functional impairment and the natural history of the untreated arterial lesions 

in a shared decision-making process.46,53 Revascularization strategies should be 

closely aligned with both short- and longer-term patient-centered goals of care. 

Revascularization procedures increase the risk of readmission and subsequent 

MALE, including restenosis and repeat intervention, and risk of ALI; thus, 

balancing risks and benefits is important.1–3,5,6,45 The following factors should 

be considered in the shared decision-making process: possibility of symptomatic 

recurrence; development of more advanced symptoms, including ALI or CLTI; 

and the finite durability of revascularization procedures with potential need for 

repeat intervention(s). A specific tool for shared decision-making related to 

claudication has been developed and published.54,55

2. Ongoing reevaluation and discussions between patients with PAD and clinicians 

are important to assess response to treatment. For patients who remain 

functionally limited despite implementation of GDMT and structured exercise, 

revascularization is the next therapeutic consideration. Revascularization (open 

and endovascular) has shown effectiveness in mitigation of pain with 

walking and improving walking distance as well as QOL,7–13 although 

tradeoffs in durability need to be considered. These improvements are most 

durable in the larger, inflow arteries of the aortoiliac segment but are also 

seen in the infrainguinal outflow arterial segments. The addition of SET 

after revascularization can further improve functional outcomes and walking 

performance (see Section 6, “Exercise Therapy for PAD”).9 For patients with 

functionally limiting claudication who have multilevel PAD (ie, aortoiliac and 

infrainguinal disease), a staged approach to care incorporating revascularization, 

GDMT (including structured exercise), and reassessment of clinical response 

during longitudinal follow-up is undertaken.

3. Patients with claudication who have had an adequate response to medical 

therapies, including structured exercise, and who no longer have significant 

impairment of functional status and walking performance and QOL, do not 

require revascularization. Although revascularization may improve symptoms 

of claudication, it may also be subject to restenosis, recurrence of symptoms, 

and risk of MALE, including need for additional procedures.1–3,5,45 Patients 

with claudication should be observed longitudinally for change in symptoms, 

including worsening functional status or development of signs or symptoms 
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of CLTI, and to ensure maintenance of GDMT (see Section 12, “Longitudinal 

Follow-Up of PAD”).

Revascularization for Claudication: Aortoiliac and Femoropopliteal Disease 
(Excluding Common Femoral Artery Disease)

4. Multiple RCTs have compared endovascular procedures with various 

combinations of medical treatment with or without supervised or unsupervised 

exercise programs for patients with aortoiliac and/or femoropopliteal disease 

and claudication.7–28 Although these trials have used different endpoints and 

enrolled patients with anatomic disease distribution at different levels, overall, 

these studies have shown the effectiveness of revascularization to improve 

walking performance and QOL in patients with claudication.8,10,23,30 Combining 

revascularization with either supervised exercise or pharmacotherapy results 

in greater improvements in these endpoints than exercise or medical therapy 

alone.9,10,23,24,56 In a network meta-analysis of 37 trials (15 of which included 

endovascular therapy) that randomized 2983 patients over a mean weighted 

follow-up of 12 months to best medical therapy, SET, endovascular therapy 

(12 trials), or endovascular therapy plus SET (8 trials), the combination of 

endovascular therapy plus SET outperformed other treatment modalities with 

respect to walking performance and QOL.57 Symptom improvement after 

endovascular treatment for claudication is related to vessel patency, and long-

term patency is greater in the aortoiliac than in the femoropopliteal segment.58 

Furthermore, factors associated with lower vessel patency include longer lesion 

length, occlusion rather than stenosis, the presence of multiple and diffuse 

lesions, poor-quality runoff, diabetes, CKD, renal failure, and smoking.59–62

The CLEVER (Claudication: Exercise Versus Endoluminal Revascularization) 

trial, which enrolled patients with aortoiliac disease and compared endovascular 

therapy with SET and with medications alone, showed that endovascular therapy 

and supervised exercise had improved walking time compared with medication 

alone at 6 months.11,12 Other RCTs that included patients with aortoiliac 

disease have shown improvement in QOL, as assessed by questionnaires and 

time to onset of claudication, may be superior with endovascular treatment 

in combination with a medical and exercise treatment plan, compared with 

medical treatment alone.7,8,15 The ERASE (Endovascular Revascularization And 

Supervised Exercise) trial randomized patients with claudication and aortoiliac 

and femoropopliteal disease to endovascular revascularization plus supervised 

exercise or supervised exercise alone.9 After 1 year, patients in both groups 

had significant improvements in walking distances and health-related QOL, 

with greater improvements in the combined-therapy group.9 The long-term 

comparative effectiveness of (1) endovascular revascularization versus SET and 

(2) medical therapy versus SET and medical therapy without revascularization 

for aortoiliac disease is unknown.

Multiple RCTs have shown short-term efficacy of endovascular treatment of 

femoropopliteal disease for claudication versus SET or medical therapy, with 
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benefit that diminishes by 1 year after the procedure.7,13–20,22,27 Two separate 

systematic reviews including RCTs that enrolled patients with femoropopliteal 

disease reported that endovascular treatment of claudication improved walking 

performance and QOL.8,10,29

When considering revascularization for a patient with functionally limiting 

claudication with aortoiliac disease, femoropopliteal disease, or both despite 

GDMT and structured exercise, data regarding risk of restenosis, durability, 

and repeat interventions, as well as outcomes, may inform discussions about 

endovascular revascularization.

5. Systematic reviews have concluded that surgical revascularization procedures 

are an effective treatment for claudication involving both the aortoiliac and 

femoropopliteal segments and have a positive impact on QOL and walking 

parameters, but evidence data are sparse comparing surgery with other 

treatments.8,29–31,63 Selection of a revascularization approach is therefore 

individualized on the basis of the patient’s goals, anatomic findings, 

perioperative risk, and anticipated benefit. Surgical procedures for claudication 

are usually reserved for the following individuals: those who did not derive 

adequate benefit from nonsurgical therapy; those who have arterial anatomy 

favorable to obtaining a durable result with surgery; and those who have 

acceptable risk of perioperative adverse events. Acceptable risk is defined by the 

individual patient and provider based on symptom severity, comorbid conditions, 

and appropriate risk evaluation. Assessment of risk of perioperative MACE 

after surgical revascularization is an important consideration in determining 

revascularization strategy. Clinical practice guidelines for the evaluation and 

management of patients undergoing noncardiac surgery, including vascular 

surgical procedures, have been previously published.64

Revascularization for Claudication: Common Femoral Artery Disease

6. Although no randomized trials have compared common femoral endarterectomy 

to medical therapy alone, endarterectomy has been performed in this anatomic 

location for many years with durable results.32,33 In a report of 713 patients 

observed for 7 years after common femoral endarterectomy, excellent patency 

rates were observed.32 However, common femoral endarterectomy is associated 

with potential for short-term morbidity.32,65 In an analysis of data from the 

National Surgical Quality Improvement Project database of 1513 patients who 

underwent common femoral endarterectomy, a minor or major complication 

occurred in 7.9% of patients.65 In their series of >700 patients, Wieker et 

al32 reported perioperative complications including wound infection (3.4%), 

lymphatic fistula (3.4%), and need for procedure-related local revision (8.6%). 

However, in this same series, primary patency was 78.5% at 7 years, suggesting 

that common femoral endarterectomy is a highly durable procedure.32

7. Meta-analytic data, including 2 RCTs of 197 patients, have demonstrated similar 

risk of 30-day mortality and early reintervention, less procedural morbidity, 

similar 1-year primary patency, and similar need for late reintervention 
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when comparing common femoral endovascular interventions with surgical 

endarterectomy.33–35,38,66 Nevertheless, in observational studies, outcomes for 

endovascular interventions for common femoral artery disease vary according 

to the underlying anatomy (eg, bifurcation lesion versus not, involvement of 

branch arteries versus common femoral artery only) and the device(s) used for 

revascularization.33,37,39,40 Further, patients selected for endovascular common 

femoral artery revascularization are often those in whom wound healing would 

be suboptimal after a surgical approach, such as those treated with radiation 

therapy or previous surgery to the local area, or with severe obesity.40 Further 

evaluation of patient and treatment factors are necessary to better define the role 

of endovascular approaches to common femoral artery disease and its safety and 

effectiveness relative to endarterectomy. In cases where endovascular approaches 

to the common femoral artery adversely affect needed profunda femoris artery 

pathways (ie, collaterals), open surgical revascularization (ie, endarterectomy 

that preserves profunda femoris artery branches) is preferred.

Revascularization for Claudication: Infrapopliteal Disease

8. Most studies of endovascular revascularization for infrapopliteal disease have 

been conducted in the population of patients with CLTI. Isolated infrapopliteal 

disease is an uncommon cause of claudication. The long-term patency 

of infrapopliteal endovascular procedures is lower than for aortoiliac or 

femoropopliteal lesions, making infrapopliteal endovascular procedures more 

appropriate for the treatment of CLTI where short-term patency may be sufficient 

for wound healing.41 There are no RCTs of endovascular revascularization 

versus medical therapy and structured exercise for treatment of isolated 

infrapopliteal disease in patients with claudication, and thus the effectiveness 

of these procedures in this setting is unknown.

9. Isolated infrapopliteal disease is an uncommon cause of claudication, and 

treatment of isolated infrapopliteal disease is typically reserved for patients 

with CLTI. No RCTs have evaluated surgical revascularization versus medical 

therapy and exercise for patients with isolated infrapopliteal disease. In a 

registry-based study from VQI of patients with claudication who were treated 

with surgical revascularization, infrainguinal bypass to the infrapopliteal vessels 

was associated with higher rates of perioperative complications and MALE at 

1-year follow-up compared with bypass to the popliteal arteries.42 Accordingly, 

the effectiveness of surgical revascularization for isolated infrapopliteal disease 

in patients with claudication is unknown.

et al. Page 53

Circulation. Author manuscript; available in PMC 2026 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9.2. Conduit for Surgical Revascularization for Femoropopliteal Disease

Recommendation for Conduit for Surgical Revascularization for Femoropopliteal Disease 
Referenced studies that support the recommendation are summarized in the Online Data Supplement.

COR LOE Recommendation

1 A 1. In patients who are undergoing surgical revascularization for functionally limiting claudication and 
hemodynamically significant femoropopliteal disease, bypass to the popliteal artery with autogenous 
vein is recommended in preference to prosthetic graft material.1–5

Synopsis: The superficial femoral and proximal popliteal arteries are common anatomic 

sites of stenosis or occlusion among patients with PAD across the clinical subsets. Femoral-

popliteal bypass is therefore one of the most common surgical revascularization procedures 

when surgical revascularization is undertaken for functionally limiting claudication and is 

performed under general or regional anesthesia (see Section 9.1, “Revascularization for 

Claudication”). The type and size of conduit and site of popliteal artery anastomosis (above 

versus below knee) are major determinants of outcomes associated with femoral-popliteal 

bypass.1–4 Note, this recommendation pertains to conduit for surgical revascularization for 

femoropopliteal disease only; prosthetic conduits perform well for aortoiliac reconstruction.

Recommendation-Specific Supportive Text

1. Multiple RCTs, systematic reviews, and meta-analyses have identified a 

clear and consistent primary patency benefit for autogenous vein versus 

prosthetic conduit for femoral-popliteal artery bypass.1–3,5 Thus, autogenous 

vein, generally the great saphenous vein, should be the first choice of conduit 

when bypass is performed for functionally limiting claudication with inadequate 

response to GDMT with hemodynamically significant femoropopliteal disease.

10. MANAGEMENT OF CLTI

Patients with CLTI have an advanced form of PAD that manifests as rest pain or minor or 

major tissue loss (see Section 2.1, “Recognizing Clinical Subsets of PAD”). Team-based, 

multispecialty care is optimal for the care of patients with CLTI. Revascularization is 

considered the standard treatment for patients with CLTI, rather than the exception, to 

minimize tissue loss and preserve a functional limb and ambulatory status. Therapies for 

wound care, management of infection, and pressure offloading are important adjunctive 

components of care for CLTI in addition to revascularization (Figures 6 and 7).

10.1. Team-Based Care for CLTI

Recommendation for Team-Based Care for CLTI
Referenced studies that support the recommendation are summarized in the Online Data Supplement.

COR LOE Recommendation

1 B-NR 1. In patients with CLTI, a multispecialty care team should evaluate and provide comprehensive 
care with goals of complete wound healing, minimizing tissue loss, and preservation of ambulatory 
status.1,2

Synopsis: Wound healing and prevention of amputation are the primary goals of 

care for patients with CLTI. The complexity of care required for patients with CLTI 
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necessitates expertise in vascular care and revascularization techniques, wound-healing 

therapies, podiatry, and foot surgery, as well as other areas of expertise (Table 15). Providing 

multidisciplinary approaches to care in a coordinated, patient-centered manner has led to 

the development of multispecialty care teams for PAD and specifically for CLTI, in many 

different forms and structures.

Recommendation-Specific Supportive Text

1. The components of multispecialty care teams for CLTI include expertise in 

revascularization, pressure offloading, treatment of infection, and wound care, 

among other areas of expertise (Table 15). The management of patients with 

CLTI and nonhealing wounds should include coordinated efforts for both 

revascularization and wound healing because the risk of limb-threatening 

infections remains until complete wound healing is achieved. The structure 

and activities of such multidisciplinary care teams may vary according to 

several factors, including the local availability of resources. Previous groups 

have described various combinations of activities of this team, which are in 

addition to revascularization, and include functions such as wound care, infection 

management, rehabilitation, orthotics, and prosthetics.1–3 A multisocietal 

document on competencies for endovascular specialists on the multispecialty 

care team has been published.4 Multispecialty care teams should also include 

expertise in the medical management of diabetes, which is particularly important 

in the context of CLTI. Coordination of care and communication among team 

members is important, versus ad hoc or unstructured referrals among various 

specialty clinicians not involved in interdisciplinary care. Patients with CLTI 

must be evaluated by a multispecialty care team before major amputation, 

except in instances of life-threatening sepsis. The objective of this strategy is to 

evaluate all revascularization and therapeutic options with the goal of preserving 

a functional limb.

10.2. Revascularization for CLTI

Recommendations for Revascularization for CLTI
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

Revascularization Goals for CLTI

1 B-R 1. In patients with CLTI, surgical, endovascular, or hybrid revascularization techniques are 
recommended, when feasible, to minimize tissue loss, heal wounds, relieve pain, and preserve a 
functional limb.1–14

1 C-EO 2. In patients with CLTI, an evaluation for revascularization options by a multispecialty care team is 
recommended before amputation (Table 15).

Revascularization Strategy for CLTI

1 A 3. In patients undergoing surgical revascularization for CLTI, bypass to the popliteal or infrapopliteal 
arteries (ie, tibial, pedal) should be constructed with autogenous vein if available.14–20

1 B-R 4. In patients with CLTI due to infrainguinal disease, anatomy, available conduit, patient 
comorbidities, and patient preferences should be considered in selecting the optimal first 
revascularization strategy (surgical bypass or endovascular revascularization) (Table 16).3,13
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Recommendations for Revascularization for CLTI
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 B-R 5. In patients with CLTI who are candidates for surgical bypass and endovascular revascularization, 
ultrasound mapping of the great saphenous vein is recommended.3,13

2a B-NR 6. In patients with CLTI for whom a surgical approach is selected and a suitable autogenous vein is 
unavailable, alternative conduits such as prosthetic or cadaveric grafts can be effective for bypass to 
the popliteal and tibial arteries.21–26

2a B-NR 7. In patients with CLTI and nonhealing wounds or gangrene, revascularization in a manner that 
achieves in-line blood flow or maximizes perfusion to the wound bed can be beneficial.27–33

2a C-LD 8. In patients with CLTI with ischemic rest pain (ie, without nonhealing wounds or gangrene) 
attributable to multilevel arterial disease, a revascularization strategy addressing inflow disease first 
is reasonable.34,35

Synopsis: The central component of the care of patients with CLTI is revascularization to 

improve blood flow to the limb, with the goals of preventing amputation and minimizing 

tissue loss to preserve a functional limb, heal wounds, and relieve PAD-associated pain 

(Figures 6 and 7). Revascularization for CLTI may include endovascular and surgical 

procedures as well as hybrid procedures that combine both approaches, either concomitantly 

or in a staged fashion. Surgical approaches, including bypass and endarterectomy, can 

be used for revascularization of CLTI. Technical aspects of surgery for CLTI, including 

availability of high-quality autogenous (eg, saphenous) vein conduit, are important 

determinants of success and should be carefully considered by the multispecialty care team. 

Numerous endovascular techniques are available to facilitate procedural success, and lesion 

characteristics are used in selecting the specific endovascular approach to revascularization 

for CLTI. The BEST-CLI (Best Endovascular versus Best Surgical Therapy in Patients with 

CLI) and BASIL-2 (Bypass versus Angioplasty for Severe Ischaemia of the Leg) trials 

have further informed revascularization strategy in patients with CLTI.3,13 Factors that may 

influence revascularization strategy for CLTI are shown in Table 16.

Recommendation-Specific Supportive Text

Revascularization Goals for CLTI

1. Patients with CLTI are at high risk of major amputation as well as MACE, 

including death. In a systematic review of 13 studies of patients with CLTI 

who did not receive revascularization and that included patients enrolled in 

medical and angiogenic therapy trials, a 22% all-cause mortality rate and a 22% 

rate of major amputation at a median follow-up of 12 months were observed.1 

Thus, all patients with CLTI should undergo assessment for revascularization 

(Figure 7). Revascularization can be accomplished by endovascular, surgical, 

and hybrid approaches, and data from RCTs and observational evidence 

inform revascularization strategy in CLTI.36 Both endovascular and surgical 

revascularization have been demonstrated to be effective treatments for 

preventing amputation in CLTI.2,3,13,14,36–40 Hybrid revascularization techniques 

can also be used for revascularization of PAD, especially for patient anatomy 

including aortoiliac disease, and the use of hybrid revascularization procedures 

is supported by observational studies.5,6,9–11,41–45 In the aortoiliac segment, less 
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invasive hybrid procedures have similar primary patency and limb salvage rates 

when compared with open surgical reconstruction,4,5,45 especially when using 

covered stent grafts.4,6,7,45 Similarly, hybrid infrainguinal interventions have 

similar patency and limb salvage rates to open bypass in selected patients.8–12

2. In nonemergency circumstances (ie, patients who are not septic from lower 

extremity ischemia and infection), evaluation by a multispecialty care team, 

when available, before amputation (Table 15) is recommended to potentially 

identify revascularization options and other ways to preserve a functional 

limb. Such an evaluation generally includes imaging for assessment of 

revascularization options (eg, duplex ultrasound, CTA, MRA, or catheter-

based angiogram), assessment of the presence and degree of infection, bony 

abnormalities, if any, and the overall functional status of the patient. The 

objective of this strategy is to minimize tissue loss and preserve a functional 

limb with revascularization. Revascularization, with its associated procedural 

risk, is not warranted in the setting of a nonviable limb. For patients in this 

setting, palliative management of the limb, including continued wound care, 

pain control, and amputation when clinically indicated, is more appropriate (see 

Section 10.3.4, “Amputation for CLTI”).

Revascularization Strategy for CLTI

3. Many large RCTs and observational studies have shown that bypass to the 

popliteal artery should be constructed with autogenous vein, either reversed or 

in situ.14–20 Large single-center trials and registry data have shown superior 

efficacy of autogenous vein to prosthetic conduit in bypass to infrapopliteal 

arteries.38,39,46 Although single-segment great saphenous vein is the preferred 

conduit, bypass grafts constructed with small saphenous and arm (ie, basilic 

or cephalic) veins have been shown in single-center studies to have durable 

patency in the absence of autogenous great saphenous vein.47,48 In addition, 

when single-segment autogenous vein is unavailable, use of a composite bypass 

conduit (ie, conduit derived from multiple different vein segments) as well as 

bypass to an isolated popliteal arterial segment that has collateral outflow to the 

foot (as a mechanism to utilize a shorter segment of vein) are both acceptable 

methods of revascularization and should be considered.49,50

4. Two recently published and seminal RCTs have addressed whether the first 

revascularization strategy for a patient with CLTI should be endovascular 

intervention or surgical bypass.3,13 The BEST-CLI trial enrolled patients with 

infrainguinal, with or without infrapopliteal, disease who were candidates for 

both surgical bypass and endovascular revascularization, where high-quality 

great saphenous vein was available (Cohort 1), or where alternative conduits 

were necessary to complete surgical bypass (Cohort 2).3 This study found 

that for patients with available single-segment saphenous vein (Cohort 1), 

the composite outcome of death from any cause or MALE (defined as a 

major amputation above the ankle, new bypass graft, graft thrombectomy, 

graft revision, or thrombolysis) occurred in 32% fewer patients randomized 
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to surgical bypass (302 events/709 patients, 42.6%) than to endovascular 

revascularization (408 events/711 patients, 57.4%) at a median of 2.7 years 

of follow-up (HR: 0.68 [95% CI: 0.59–0.79]; P<0.001).3 The difference was 

driven by higher rates of repeat revascularization in the endovascular group. 

The group without adequate great saphenous vein (Cohort 2) did not meet 

prespecified enrollment targets to achieve statistical power, and no observed 

difference was observed in the rate of the composite outcome of death or MALE 

(HR: 0.79 [95% CI: 0.58–1.06]; P=0.12) between endovascular revascularization 

(95 events/199 patients, 47.7%) and surgical bypass (83 events/194 patients, 

42.8%).3 In the BASIL-2 (Bypass versus Angioplasty for Severe Ischaemia of 

the Leg) trial, which studied patients with infrapopliteal with or without more 

proximal infrainguinal disease, major amputation or death occurred more often 

after bypass treatment (108 events/172 patients, 63%) than endovascular (92 

events/173 patients, 53%) (adjusted HR: 1.35 [95% CI: 1.02–1.80]; P=0.037).13 

This difference was driven by fewer deaths in the endovascular treatment group. 

The contrasting findings of the BEST-CLI and BASIL-2 trials highlight the 

need to consider patient clinical and anatomic characteristics when selecting the 

initial revascularization strategy for patients with CLTI, including consideration 

of patient risk estimation, staging of the limb for severity and anatomic pattern 

of disease, previous vascular interventions, and availability of conduit. Examples 

of potential factors in selecting revascularization strategy in patients with CLTI 

are summarized in Table 16. The Global Vascular Guidelines reviewed available 

data on management of CLTI and recommended the use of evaluation tools 

that consider wound perfusion, infection, and extent of the tissue loss.51,52 

The Global Limb Anatomic Staging System (GLASS) can be incorporated 

into the decision-making process for revascularization.53 A patient-centered 

decision-making process around revascularization strategy for CLTI should also 

incorporate patient goals and preferences, input of the multidisciplinary care 

team, and risk-benefit calculation.

5. Multiple studies have demonstrated improved patency of femoral-popliteal 

bypasses when constructed with autogenous vein, and the great saphenous 

vein is the optimal venous conduit for femoral-popliteal bypass.51,54,55 In the 

BEST-CLI trial, the presence or absence of a 3-mm diameter great saphenous 

vein was the criterion used to determine adequacy of this conduit for surgical 

bypass.3 The protocol in BASIL-2 stated that vein conduit had to be deemed 

“suitable” to accomplish surgical bypass, or alternative conduits would be used, a 

circumstance that occurred in 7% of trial patients.13 Preoperative assessment 

of the adequacy of the great saphenous vein conduit is important when 

developing a patient-specific revascularization strategy for CLTI (Table 16). 

Great saphenous vein evaluation, also known as “vein mapping,” is generally 

performed in a vascular laboratory using duplex ultrasound. This test includes 

assessment of vein patency, size (vein diameter), length of available vein, and 

other anatomic features such as branching and presence of acute or previous 

thrombosis. Ultrasound mapping can also be used, if necessary, to assess other 

potential venous conduits, including the small saphenous and upper extremity 
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(eg, cephalic and basilic) veins. If formal vascular laboratory-based duplex 

ultrasound is unavailable, saphenous vein assessment may be performed at 

the bedside using point-of-care ultrasound, although mapping performed in a 

vascular laboratory setting by certified personnel is preferred.

6. Although autogenous veins are the preferred conduit for surgical 

revascularization, prosthetic conduit is a secondary option for patients with CLTI 

without suitable saphenous veins who require surgical revascularization. Studies 

have shown that patients can be treated successfully with autogenous vein 

bypass graft22,23 or prosthetic bypass graft21,24 even after previous endovascular 

intervention. Studies have explored the efficacy of use of a prosthetic bypass 

with distal autogenous vein cuff in patients with CLTI. These circular vein 

patches, intended to limit narrowing where the prosthetic graft meets the target 

artery, have shown mixed results.52,56,57 Data supporting the use of cadaveric 

vein graft conduit for patients with CLTI are limited; however, this also 

remains an option for patients for whom a surgical revascularization strategy 

is undertaken and autogenous vein conduit is unavailable.25,26

7. The goal of revascularization for CLTI is to maximize blood flow to the foot. 

Historically, operators have tried to provide in-line blood flow to a named 

infrapopliteal artery to the foot.27,28,30,58–60 However, in some instances, no 

option is available to provide in-line blood flow to a named infrapopliteal artery. 

A more recent paradigm for revascularization for PAD focuses on maximizing 

perfusion to the wound bed. For patients with wounds due to CLTI, the goal 

is to provide direct pulsatile flow to the wound bed, or “angiosome.” This can 

be accomplished through direct revascularization or indirect revascularization 

via collaterals but is less certain after indirect revascularization without visible 

collaterals.61,62 Data from meta-analyses of patients undergoing endovascular 

therapy for CLTI suggest that amputation rates are lowest for direct 

revascularization, intermediate for indirect revascularization via collaterals, and 

highest for indirect revascularization; similarly, wound healing associated with 

direct revascularization and indirect revascularization via collaterals appears 

similar but is less favorable after indirect revascularization.29–31 In meta-analyses 

of patients who underwent either surgical bypass or endovascular therapy, 

superior wound-healing rate, shorter time to wound healing, and superior 

limb salvage have been observed with direct revascularization compared with 

indirect revascularization, but these associations are only apparent for patients 

undergoing endovascular revascularization.29–33

8. For patients with multilevel disease and ischemic rest pain (ie, no wounds or 

tissue loss), inflow lesions are generally addressed first.34,35 Depending on 

procedural characteristics, including contrast volume used, radiation exposure, 

and procedure time, outflow lesions can be addressed in the same procedure 

setting or at a later time if symptoms persist. This strategy for ischemic rest 

pain is distinct from the strategy for the patient with CLTI and tissue loss (ie, 

nonhealing wound or gangrene). In cases of CLTI with tissue loss, patients 
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generally require revascularization to the greatest extent possible, often treating 

both inflow and outflow lesions at the same setting, to optimize wound healing.

10.3. Minimizing Tissue Loss for CLTI

10.3.1. Pressure Offloading for CLTI

Recommendations for Pressure Offloading for CLTI
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 A 1. Patients with CLTI and diabetic foot ulcers should receive pressure offloading, when possible, to 
promote tissue growth and wound healing.1–9

1 B-R 2. Patients with PAD and previous diabetic foot ulcers should be referred for customized footwear 
that accommodates, protects, and fits the shape of their feet.10–12

2b C-EO 3. Patients with CLTI and foot ulcers who do not have diabetes may be considered for pressure 
offloading to promote tissue growth and wound healing.

Synopsis: Pressure offloading is a component of management of the patient with CLTI 

(Figure 7). Excessive or persistent pressure combined with a loss of protective sensation of 

the plantar aspect of the foot leads to tissue loss and diabetic foot ulcers. Shear, compressive, 

frictional, and tensile forces are the main causes of diabetic foot ulcers and may be a 

manifestation of CLTI in patients with concomitant diabetes and PAD. Because of the 

complexity of the human foot during weight bearing, consideration of anatomy, mechanics, 

and sensation is required to evaluate function and determine appropriate pressure offloading 

therapy, especially in patients with CLTI.

Podiatrists or other foot-trained professionals (eg, orthopedic surgeons, orthotists and 

prosthetists, specialist nurses) are best suited to evaluate these patients for pressure 

offloading and are important members of the multispecialty care team. When a podiatric 

service is unavailable locally, pressure offloading and wound care strategies can be 

coordinated by the available multispecialty care team. Most published literature supports 

the use of pressure offloading strategies in the context of diabetic foot ulcers, but these may 

also be applied to patients with CLTI and foot wounds without diabetes.

Recommendation-Specific Supportive Text

1. Multiple randomized and nonrandomized studies have shown the superiority of 

nonremovable over removable pressure offloading devices for wound healing in 

the setting of diabetic foot ulcers.2,6–9 Forefoot pressure offloading shoes or cast 

shoes have also been shown in several nonrandomized studies to be effective in 

promoting wound healing.1–5 A significant percentage of patients with diabetic 

foot ulcers have PAD; therefore, these data are applicable to the population with 

CLTI.13

2. At least 2 well-conducted RCTs have shown that effective pressure offloading 

footwear reduces the risk of recurrent plantar ulcers in patients with diabetes.10 

In a randomized trial, subjects were treated with foot shape- and barefoot 

pressure-based orthoses versus standard of care for 15 months.10 Compared 

with standard of care, these customized orthoses were more effective in reducing 
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submetatarsal head plantar ulcer recurrence but only if worn as prescribed.10,11 

In another RCT,11 171 patients with diabetic neuropathy and previous foot 

ulcer were randomized to custom-made footwear with improved and sustained 

pressure offloading or to usual care. In individuals with high adherence, custom-

made footwear was associated with lower plantar foot ulcer recurrence at 18 

months. In an RCT comparing 3 different pressure offloading devices, patients 

with diabetic plantar foot ulcers who were randomized to total-contact cast had a 

higher and faster rate of wound healing than those randomized to a half-shoe or 

to a removable cast walker.12

3. By far, most research on the efficacy of pressure offloading has been conducted 

in patients with diabetic foot ulcers, where peripheral neuropathy is a common 

occurrence. The effectiveness of pressure offloading in patients with foot ulcers 

without diabetes is unknown. However, proper pressure offloading may be 

beneficial in allowing tissue growth and wound healing and may be considered 

in patients with CLTI and foot ulcers who do not have diabetes. Proper pressure 

offloading is individually tailored to minimize excessive or persistent pressure at 

the site of the foot ulcer.

10.3.2. Wound Care and Management of Infection for CLTI

Recommendations for Wound Care and Management of Infection for CLTI
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 B-NR 1. In patients with CLTI, prompt management of foot infection with antibiotics, debridement, and 
other surgical management is recommended.1–5

1 C-LD 2. In patients with CLTI with nonhealing wounds, wound care should be provided to optimize the 
wound-healing environment after revascularization with the goal of complete wound healing.6–10

2b B-NR 3. In patients with CLTI with nonhealing diabetic foot ulcers, hyperbaric oxygen therapy may be 
considered to assist in wound healing after revascularization.11–14

Synopsis: Management of infection and local wound care are a critical component to the 

care of patients with CLTI and must be implemented concurrently with revascularization 

(Figures 6 and 7). The multispecialty care team for CLTI should include expertise in 

developing a wound care plan along with its implementation. Components of wound 

care in CLTI are outlined in Table 17. Beyond wound care, hyperbaric oxygen therapy 

has been studied in the context of wound healing for CLTI as an adjunctive therapy to 

revascularization and may have a limited role in this population.

Recommendation-Specific Supportive Text

1. Foot infection, particularly among patients with diabetes, can progress rapidly, 

and thus, prompt diagnosis and initiation of therapy, including antibiotics and 

often surgical management, are key to reducing the high probability of both 

amputation and death.15 Patients with CLTI should be promptly evaluated and 

treated to prevent infections with resistant microorganisms and amputation.16 

Surgical debridement is recommended for foot infections involving abscess, 

gas, or necrotizing fasciitis. After successful revascularization, most patients 
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with gangrene of the foot are evaluated for minor amputation with staged or 

delayed primary closure or surgical reconstruction when feasible.1–3 Negative 

pressure wound therapy (NPWT), which applies vacuum suction to a wound 

dressing, can be used to achieve wound healing after revascularization and 

minor (ie, digit or partial foot) amputation when primary or delayed secondary 

closure is not feasible.4,5,8 Of note, studies of the efficacy of NPWT have 

focused primarily on patients with diabetes with very limited data in the patient 

population without diabetes. For patients with uncomplicated osteomyelitis, one 

can consider treating primarily with antibiotics.

2. The management of patients with CLTI and nonhealing wounds should include 

coordinated multidisciplinary efforts for both revascularization and evidence-

based wound care with the goal of complete wound healing and a functional 

limb (Table 17). One study showed a limb salvage rate of 100% at 3 years 

in a cohort of patients with CLTI who achieved complete wound healing with 

endovascular revascularization followed by dedicated wound care.6 Repeated 

wound assessment during follow-up allows for close evaluation of the nature 

of the wound to help determine the best local wound care, identify signs of 

biofilm or infection, and allow for frequent debridement.7,17–20 Debridement 

techniques include: surgical, sharp/conservative-sharp, autolytic, mechanical, 

enzymatic, chemical/mechanical/surfactant, and biosurgical/larval methods.21 

Specifics regarding the approach to local wound care are highly variable and 

depend on the status and location of the wound. Particularly among patients with 

diabetes, the pathophysiological mechanisms of nonhealing wounds are complex 

and multifactorial and include neuropathy, infection, ischemia, and abnormal 

foot biomechanics and structure. In general, wound dressing products should be 

used to maintain a moist wound bed while controlling any drainage and exudate 

and avoiding tissue maceration. Some wound care products also help manage 

biofilm. Optimizing the wound-healing environment also includes medical 

optimization, such as smoking cessation, good glycemic control, cardiovascular 

risk factor modification, and nutrition. Thus, management of these patients is 

optimal when delivered by a multispecialty care team. Adjunctive wound care 

therapies including NPWT and biologics (eg, topical cytokine ointments, skin 

substitutes, cell-based therapies intended to optimize wound healing) are often 

considered when wounds do not heal or progress after standard wound care. To 

date, no RCTs or high-quality studies have focused on wound-healing adjuncts 

in such patients other than NPWT wound therapy. Limited data have shown the 

efficacy of NPWT as an adjunctive therapy for treatment of nonhealing wounds 

(eg, diabetic foot ulcers, CLTI wounds).8–10 Updated international consensus 

guidelines on wound care therapies have been recently published.21

3. Numerous studies of various sizes, including some RCTs and some meta-

analyses, have evaluated the impact of hyperbaric oxygen therapy on limb 

salvage and wound healing. Variability in terms of methodology, types of 

wounds, and presence of ischemia exists. Many of the studies focused on 

limb salvage for diabetic foot ulcers, without evidence of severe PAD. One 

et al. Page 62

Circulation. Author manuscript; available in PMC 2026 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



small RCT that focused on patients with foot ulcers and PAD (ABI <0.80 or 

TBI <0.70), for whom no revascularization was planned, showed a significant 

decrease in ulcer area at 6 weeks, but no significant differences in ulcer size 

at 6 months, complete ulcer healing at 6 weeks or 6 months, and major or 

minor amputations.11 In a slightly larger study that included 70 patients with 

severely ischemic foot ulcers, the amputation rate was 9% in the treatment group 

and 33% in the control group.12 However, in a larger longitudinal study of 

diabetic foot ulcers, the use of hyperbaric oxygen therapy did not result in better 

wound healing.13 A recent systematic review and meta-analysis of hyperbaric 

oxygen therapy for diabetic foot ulcers reported reduction in major amputation 

with hyperbaric oxygen therapy, although no reduction in minor amputation 

or overall mortality.14 Hyperbaric oxygen therapy may be considered as an 

adjunctive therapy to revascularization for wound healing in the context of CLTI 

and diabetic foot ulcers.

10.3.3. Approach to the “No Option” Patient With CLTI

Recommendations for Approach to the “No Option” Patient With CLTI
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

2b B-R 1. In patients with CLTI for whom revascularization is not an option and a lack of outflow to the foot 
is observed, the usefulness of prostanoids is uncertain.1–3

2b B-NR 2. In patients with CLTI for whom revascularization is not an option, arterial intermittent pneumatic 
compression devices may be considered to augment wound healing or ameliorate ischemic rest 
pain.4–7

2b B-NR 3. In patients with CLTI for whom arterial revascularization is not an option and a lack of outflow to 
the foot is observed, venous arterialization may be considered for limb preservation.8–12

Synopsis: CLTI is a severe manifestation of PAD. Within this heterogenous patient 

population are those with no options for revascularization after evaluation by a 

multispecialty care team (see Section 10.1, “Team-Based Care for CLTI”). A 2020 review 

proposed a classification system for such patients with no options for revascularization 

based on anatomic categories (Table 18).13 Beyond wound care (see Section 10.3.2, 

“Wound Care and Management of Infection for CLTI”), few treatments are available for 

these patients, including the emerging technique of venous arterialization,8–12 as well as 

intermittent pneumatic compression devices4–7 and prostanoids.1–3 Experimental therapies, 

such as angiogenic gene therapy and growth factors, are unavailable in clinical practice 

and are beyond the scope of this document. Lumbar sympathectomy is a palliative 

procedure that disrupts the efferent autonomic pain pathways and reduces distal sympathetic 

vasoconstriction.14–16 Lumbar sympathectomy is performed surgically or pharmacologically 

under CT guidance but is rarely performed in current clinical practice and is largely of 

historical interest.14–16

Recommendation-Specific Supportive Text

1. Prostanoids have been considered as potential treatment for “no-option” CLTI 

for >30 years because they have multiple potential beneficial properties 

affecting circulation, including vasodilation, inhibition of platelet aggregation 
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and activation, and vascular endothelial cytoprotection.1,2 Examples of this group 

of mediators include prostaglandin E1, prostacyclin, and iloprost, a synthetic 

prostacyclin analog (unavailable in the United States). In a meta-analysis of 

18 trials, prostanoids were associated with a significantly lower risk of major 

amputations (OR: 0.77 [95% CI: 0.63–0.93]), although no significant effect on 

total amputations was observed.1 A Cochrane systematic review analyzed 33 

studies and reported low-quality evidence of no clear benefit of prostanoids on 

cardiovascular mortality reduction (risk ratio [RR]: 0.81 [95% CI: 0.41–1.58]), 

high-quality evidence of no effect on the total amputation reduction (RR: 0.97 

[95% CI: 0.86–1.09]), and moderate-quality evidence that adverse events were 

more frequent with prostanoids (RR: 2.11 [95% CI: 1.79–2.50]), including 

gastrointestinal adverse effects, headaches, and hypotension.2 Moderate-quality 

evidence demonstrated that prostanoids reduced ischemic rest pain (RR: 1.30 

[95% CI: 1.06–1.59]) and were associated with improved wound healing (RR: 

1.24 [95% CI: 1.04–1.48]) compared with placebo.2 The efficacy of these agents 

has been called into question because of their marginal results and low quality 

of evidence within some trials but may be considered when no other viable 

treatments are available, particularly for short-term relief of pain.3

2. An arterial intermittent pneumatic compression device (“arterial pump”) is an 

alternative treatment for patients with no-option CLTI and involves the sequential 

inflation and deflation of pneumatic cuffs placed on the leg, which increases 

arterial blood flow, peak systolic blood flow, and pulse volume. Intermittent 

pneumatic compression is proposed to work through multiple mechanisms: 

increasing arteriovenous pressure gradient, reversing vasomotor paralysis, and 

enhancing nitric oxide release.5 A 2015 systematic review by Moran et al4 

suggested that intermittent pneumatic compression devices may provide modest 

clinical benefit (specifically, decreased amputation rates and improved QOL) 

in patients with CLTI ineligible for revascularization, with potential benefits 

appearing to outweigh the low risk associated with their use. However, risk 

of significant bias was noted in available data, along with relatively small 

populations studied.4 Zaki et al6 performed a retrospective analysis of 187 

patients with no-option CLTI who used a specific sequential intermittent 

pneumatic compression device versus those who did not use intermittent 

pneumatic compression. They showed reduced minor amputation, prolonged 

amputation-free survival, and improved rest pain, but no significant reduction 

in major amputation.6 A subsequent systematic review consisting of 9 studies 

of intermittent pneumatic compression showed reduction in rest pain with ulcer-

healing rates of 26% and limb salvage rate of 58% to 83% at 1 to 3 months and 

58% to 94% at 1.5 to 3.5 years.7 Based on these data, intermittent pneumatic 

compression may be useful in patients with no-option CLTI to reduce ischemic 

pain, improve wound healing, and increase amputation-free survival but does not 

appear to reduce rate of major amputation. Further research is warranted.

3. Venous arterialization is a novel approach to the no-option patient that involves 

connecting a proximal artery to a distal vein (deep or superficial), then disrupting 
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the valves of the vein and allowing arterial blood to enter the foot through the 

venous system. These procedures have been performed via open, percutaneous 

deep vein arterialization (pDVA) and hybrid techniques.8,9 A systemic review 

of 15 studies (768 patients) reported a pooled limb salvage rate of 75% at 

12 months in an analysis of 9 studies of pDVA and 6 studies of superficial 

techniques.8 A 2019 review of all 3 techniques reported limb salvage rates for 

open (25%−100%) in 184 cases, percutaneous (60%−71%) in 22 cases, and 

hybrid (46%−69%) venous arterialization in 62 cases.10 Midterm results from 

the ALPS (Alkmaar, Leipzig, Paris, Singapore) Multicenter Study of 32 patients 

having undergone pDVA reported a 24-month limb salvage rate of 78% and 73% 

complete wound healing.9 An interim report of the PROMISE I trial evaluated 

a pDVA technique (LimFlow) in a single-arm prospective study of 10 patients 

and showed a 6-month 100% amputation-free and 30% complete wound-healing 

result.11,12 Subsequent publication of the PROMISE I trial reported on 31 

patients with a procedural success rate of 75% and amputation-free survival rates 

at 6 and 12 months of 74% and 70%, respectively.12

10.3.4. Amputation for CLTI

Recommendations for Amputation for CLTI
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 B-NR 1. In patients with CLTI who require amputation, evaluation should be performed by a multispecialty 
care team (Table 15) to assess for the most distal level of amputation that facilitates healing and 
provides maximal functional ability.1–6

1 C-EO 2. In patients with CLTI, primary amputation is indicated when life over limb is the prevailing 
consideration and clinical factors suggest the threatened limb to be the cause of the patient’s 
instability (eg, ischemia, metabolic derangement, or advanced infection).

1 C-EO 3. In patients with CLTI, a patient-centered approach using objective classification of the threatened 
limb, patient risk, and anatomic pattern of disease combined with patient and family goals is 
recommended to identify those patients in whom primary amputation or palliative management is 
appropriate.

1 C-EO 4. In patients with CLTI undergoing minor amputation (ie, inframalleolar level), a customized 
program of follow-up care that can include local wound care, pressure offloading, serial evaluation 
of foot biomechanics, and use of therapeutic footwear is recommended to prevent wound recurrence.

2a C-EO 5. For patients with CLTI, retrospective assessment of institutional outcomes (including amputation) 
with objective limb threat classification tools can be useful for quality improvement.

Synopsis: CLTI is associated with poor health-related QOL regardless of treatment 

approach.7,8 Preservation of a functional limb with a shoeable foot is the primary goal for 

the patient presenting with CLTI in whom ambulation is anticipated after the intervention. 

The use of a prosthetic and resumption of walking are the 2 outcomes with the greatest 

impact on QOL among amputees.9–12 Additional factors associated with QOL among 

patients who have undergone amputation are shown in Table 19. When superficial ulceration 

without infection is present, timely revascularization with restoration of adequate perfusion 

may permit healing of the soft-tissue envelope. However, when more extensive tissue loss 

or infection is present, with involvement of bone or soft tissues, then debridement with 

bone amputation and primary or delayed coverage may be necessary to facilitate healing 

and function. A multispecialty care team facilitates collaboration necessary to achieve this 
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resource-intensive goal (Table 15). Although it is clear that preservation of maximal tissue 

of the limb is the goal, no evidence from RCTs is available to guide the selection process 

for the optimal level of amputation that is likely to heal in the face of chronic ischemia. 

This void of evidence represents an opportunity for future research.7 At a population 

level, prevention of limb loss is an important public health goal, and a 20% reduction in 

nontraumatic amputation by the year 2030 has been proposed by the AHA.8

Recommendation-Specific Supportive Text

1. Multispecialty care team collaboration (Table 15) is essential to meet the broad 

needs of the patient with CLTI (see Section 10.1, “Team-Based Care for CLTI”). 

When amputation is required, clinical factors including the presence of infection 

and the degree of ischemia and tissue loss ultimately impact the level of 

amputation necessary to achieve the goal of a healed wound with a functional 

limb. Evidence exists to support the use and effectiveness of this team evaluation 

paradigm both before amputation and in the postoperative, long-term phase.1–6 

For clinical circumstances in which these services are unavailable, consideration 

should be given to transferring the patient’s care to such a facility, except 

in instances of life-threatening sepsis due to foot infection when immediate 

amputation is warranted (see Recommendation 2). When clinically appropriate, 

and using a team-based approach, minor amputation below the malleolus 

may be possible for patients in whom continued ambulation is anticipated. 

Regarding a perceived biomechanical advantage of different foot amputations 

(eg, transmetatarsal amputation, Chopart, Lisfranc), conflicting evidence exists 

regarding the comparative benefit of foot level amputation relative to a functional 

below-the-knee amputation. Patient education, appropriate extremity pressure 

offloading with prescription shoes, and foot surveillance clinical examinations 

are essential to reducing wound recurrence, especially in patients with diabetes 

and neuropathy who have had CLTI. Wound complications, including at the 

stump site, and hospital readmission rates among patients with CLTI undergoing 

major limb amputation are high and reflect the burden of advanced CVD, 

diabetes, residual infection, ongoing smoking, and other medical comorbidities 

in this patient population.13–15 Implementation of a plan for management of 

diabetes and medical comorbidities by the multispecialty care team at the time of 

amputation is important.

2. Clinical situations can occur in which life over limb is the prevailing factor 

and emergency primary amputation is indicated. This includes the patient with 

advanced soft-tissue infection where emergency amputation for sepsis control is 

the only viable option to avoid patient death or in the setting of severe metabolic 

derangements attributable to extensive tissue necrosis.

3. The use of published classification tools (WIfI, GLASS)16,17 may facilitate 

the objective assessment and documentation of the no-option patient (Table 

18). A nonrandomized series reported healing rates approaching 50% in a 

cohort with CLTI with a nonrevascularization strategy focused on local wound 

management.18,19 With or without an associated wound, the patient’s subjective 
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experience of pain is an important individual variable and must be appropriately 

assessed and managed. When revascularization is not an option, local wound 

management measures fail, or pain is prohibitive, primary amputation may 

be the only option to relieve the pain. In addition, a subgroup of patients 

presenting with CLTI will have severe comorbid conditions that contribute 

to the decisional matrix that revascularization may not be physiologically 

tolerated and render primary amputation as the most appropriate clinical option. 

Other clinical situations may exist in which primary amputation for CLTI is 

considered, including the patient with such extensive tissue destruction that 

surgical resection would result in a nonfunctional extremity, the patient who is 

nonambulatory or entirely bedbound at baseline because of chronic comorbidity 

(eg, stroke, persistent vegetative state), or the patient with a short life expectancy 

(eg, advanced age, untreatable cancer). Primary amputation should only be 

considered after thorough review by an experienced revascularization specialist 

in consultation with the multispecialty care team (Table 15) and in discussion 

with the patient and family members incorporating the patient’s input and goals 

of care.

4. Patients with CLTI who have undergone a minor (inframalleolar) amputation are 

at risk for wound-related complications, including infection, as well as future 

major amputation.13,20 For such patients, a customized program of longitudinal 

care is essential, including local wound care and appropriate foot pressure 

offloading to facilitate wound healing. Evidence for the use of adjuncts, such 

as tendon Achilles lengthening and tendon balancing, are supported largely by 

observational studies.21–25 After the initial healing, wound recurrence rates are 

high in neuroischemic patients, and diligent long-term patient surveillance and 

meticulous foot care, including periodic assessment of biomechanics and need 

for therapeutic footwear, is essential to prevent these events (see Section 5.8, 

“Preventive Foot Care for PAD,” and Section 10.3.3.1, “Pressure Offloading for 

CLTI”). One or more members of the multispecialty care team (Table 15) who 

has expertise in this domain should be designated with this role and should be 

engaged for longitudinal follow-up care of the patient after minor amputation for 

CLTI.

5. Application of objective classification tools (eg, WIfI, GLASS) in program 

evaluation and hospital-level reporting of outcomes in the CLTI patient cohort 

enhances the ability to objectively describe, predict, and compare clinical 

presentation and outcomes. Observational and registry data exist to validate the 

use of WIfI and GLASS classification models26–30 and, to this end, a broader 

application of these tools is suggested. Moreover, the practice of maintaining 

and reviewing these data may have an impact in identifying opportunities to 

improve quality and outcomes (eg, limb salvage, mortality) at the level of the 

individual clinician, multispecialty care team, and hospital system. The VQI is a 

multicentered patient registry that collects clinical, procedural, and outcome data 

from participating centers and includes patients treated for CLTI.31 Although 

data on center-specific outcomes relative to other participating centers regionally 
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and nationally are provided to the individual participating programs for purposes 

of quality improvement, the center-specific data from the VQI are not publicly 

reported. Other quality improvement registries that include patients with CLTI 

(with emphasis on endovascular procedures) are the NCDR PVI Registry and the 

Society of Interventional Radiology VIRTEX data registry.31,32 Although none 

of these registries report data publicly, they do allow participating centers to 

benchmark procedural outcomes compared with other centers. Various examples 

of public reporting of procedural and chronic cardiovascular condition care 

outcomes are available, including the Society of Thoracic Surgery reporting of 

coronary artery bypass and valve surgery and the NCDR reporting of outcomes 

after percutaneous coronary intervention and MI.33,34 Much has been written 

about potential consequences of a poorly designed reporting structure that may 

perversely impact patient care.35 Decades of experience across these domains 

may be helpful in the design of a future public reporting structure for CLTI 

outcomes, including amputation.

11. ACUTE LIMB ISCHEMIA

ALI is one of the most treatable and potentially devastating presentations of PAD. Timely 

recognition of acute arterial occlusion as the cause of an ischemic, cold, painful, and/or 

numb limb is crucial to successful treatment. The writing committee has used a standard 

definition of ALI in which symptom duration is <2 weeks1,2 (Figure 8). Category I 

ALI refers to a viable limb that is not immediately threatened. Category II refers to 

the threatened but salvageable limb. The category IIa limb is marginally threatened and 

salvageable, if promptly treated. The category IIb limb is immediately threatened and 

requires immediate revascularization if salvage is to be accomplished. The category III 

limb is irreversibly damaged, in which case resultant major tissue loss or permanent nerve 

damage is inevitable.2 The category III limb is nonsalvageable.

11.1. Initial Clinical Evaluation and Diagnostic Approach to ALI

Recommendations for the Initial Clinical Evaluation and Diagnostic Approach to ALI
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 C-EO 1. Patients with ALI should be evaluated on an emergency basis by a clinician with sufficient 
experience to assess limb viability and implement appropriate therapy.

1 C-LD 2. In patients with suspected ALI, the initial clinical evaluation should rapidly assess limb viability 
and potential for salvage and can be achieved without noninvasive imaging (ie, duplex ultrasound, 
CTA, or MRA).1–6

2b C-EO 3. In patients with ALI who have a complicated history of revascularization procedures, it may be 
reasonable to obtain noninvasive imaging (ie, duplex ultrasound, CTA, or MRA) before deciding to 
proceed with revascularization.

Synopsis: ALI is a vascular emergency that requires rapid recognition, assessment of 

limb viability, and timely implementation of therapy to maximize the possibility of limb 

salvage. If local expertise is unavailable for rapid assessment and potential revascularization, 

patient transfer to a facility with such resources should be considered. Initial evaluation of 

ALI includes targeted history and physical examination, including use of a continuous wave 
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Doppler device at the bedside to assess arterial and venous signals in the limb (Figure 8). 

In most cases, treatment for ALI is implemented without the need for additional noninvasive 

imaging studies (ie, duplex ultrasound, CTA, MRA).

Recommendation-Specific Supportive Text

1. Patients with ALI should be evaluated on an emergency basis by a clinician 

with sufficient experience to assess limb viability and implement appropriate 

therapy. If such expertise is locally unavailable, transfer of the patient with 

ALI to a facility with such resources should be strongly considered. The more 

advanced the degree of ischemia, the more rapidly the communication (including 

communication about potential patient transfer) needs to occur.

2. ALI is a medical emergency that must be recognized rapidly. The time constraint 

is attributable to the period that skeletal muscle will tolerate ischemia—about 4 

to 6 hours.5 A focused history and physical examination with rapid assessment 

of limb viability and ability to restore arterial blood flow should be performed 

by a clinician able to either complete the revascularization or rapidly triage the 

patient to one who is able to do so.2 Lower-extremity symptoms in ALI can 

include pain, loss of sensation, and loss of function. The longer these symptoms 

are present, the less likely the possibility of limb salvage.3,4 Bedside clinical 

assessment for ALI includes querying the patient for symptom characteristics 

and duration and pain intensity and assessment of severity of motor and 

sensory deficits to distinguish a threatened (category IIa/IIb) from an irreversibly 

ischemic, nonsalvageable limb (category III). A handheld continuous wave 

Doppler device is used to assess the limb because of the inaccuracy of pulse 

palpation in this setting and to allow for identification of venous signals.6 The 

loss of an arterial signal on continuous wave Doppler indicates that the limb is 

threatened. The absence of both arterial and venous Doppler signals indicates 

that the limb may be irreversibly damaged (category III) and nonsalvageable. 

Comorbidities should be identified and managed aggressively, but this must not 

delay therapy. In most cases, additional noninvasive imaging studies (ie, duplex 

ultrasound, CTA, or MRA) are unnecessary to implement treatment for ALI 

except in unusual circumstances that may alter revascularization strategy and 

timing, such as a suspected aortic dissection, in the setting of multiple previous 

revascularization procedures, or in other unusual clinical scenarios. Even in 

the setting of rapid and effective revascularization, the 1-year morbidity and 

mortality rates associated with ALI are high.1,3,7

3. Patients who present with ALI and a history of lower extremity revascularization 

procedures are a unique challenge. Decision-making for revascularization 

strategy in these patients may be improved by obtaining noninvasive imaging (ie, 

duplex ultrasound, CTA, MRA) in an expedited manner to define the anatomy 

and whether ALI is caused by occlusion at the site of previous revascularization 

(eg, bypass graft or stent) or at another site.
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11.2. Management of ALI

11.2.1. Revascularization for ALI

Recommendations for Revascularization for ALI
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 A 1. In patients with ALI and a salvageable limb, revascularization (endovascular or surgical, 
including catheter-directed thrombolysis) is indicated to prevent amputation.1–5

2a C-EO 2. In patients with ALI and a salvageable limb who are treated with catheter-directed 
thrombolysis, adjunctive revascularization (ie, endovascular or surgical) procedures can be 
useful.

2b C-LD 3. In patients presenting with ALI from chemotherapeutic or prothrombotic viral states, it 
may be reasonable to take a more deliberate planning strategy before engaging in a definitive 
revascularization or medical treatment plan.6–14

3: Harm C-EO 4. In patients with ALI with a nonsalvageable limb, revascularization of nonviable tissue should 
not be performed.

Synopsis: Revascularization is indicated in patients with ALI and a salvageable limb 

to prevent irreversible tissue damage and major amputation (Figure 8). Both surgical 

thromboembolectomy and catheter-based thrombolysis are effective therapies for ALI. 

Historically, surgical thromboembolectomy, generally performed via arterial cut down and 

an embolectomy catheter (eg, Fogarty catheter), was the primary mode of revascularization 

in the setting of ALI.15 Catheter-based thrombolysis was the initial method of endovascular 

revascularization for ALI, and the utilization of additional endovascular therapies to treat 

ALI has advanced significantly in recent years. Ultrasound-accelerated, catheter-based 

thrombolysis and newer techniques including pharmacomechanical and vacuum-assisted 

percutaneous mechanical thrombectomy have expanded the endovascular armamentarium 

for the treatment of ALI.16–20 Patient-specific and anatomic factors and local resource 

availability are important in selecting the revascularization strategy for the individual patient 

with ALI. All patients should be monitored for compartment syndrome and reperfusion 

injury (see Section 11.2.2, “Adjunctive Therapies to Minimize Tissue Loss in ALI”). After 

initial revascularization to address the thrombosis, definitive treatment of any underlying 

culprit lesion can be useful to optimize procedural success and prevent ALI recurrence.

Recommendation-Specific Supportive Text

1. Revascularization is indicated in patients with ALI and a salvageable limb 

(categories I, IIa and IIb) (Figure 8). Multiple large observational studies have 

documented the association of ALI with high rates of mortality and limb 

loss21–25 for which expedited recognition, classification, and rapid treatment 

to remove clot by either open or endovascular means is critically important. 

The use of catheter-based thrombolysis as a revascularization strategy has been 

extensively studied within the context of ALI. Despite this, assessment of the 

comparative effectiveness of catheter-based thrombolysis versus open surgery 

is complicated by variable definitions of ALI in the literature. Four RCTs1,3–

5 comparing catheter-based thrombolysis to surgery as well as multiple meta-

analyses2,26,27 have shown similar limb salvage rates between the 2 approaches, 

with higher rates of bleeding associated with thrombolysis. Several of these 
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RCTs included patients with relatively chronic ischemia. Several observational 

studies have shown improved in-hospital outcomes and long-term outcomes with 

endovascular therapies compared with open surgery, even after controlling for 

baseline differences in patient characteristics.28,29 Acuity and severity of ALI are 

both factors to consider in the decision to pursue thrombolysis.1,3–5 For patients 

with ALI attributable to bypass graft occlusion within 14 days of the primary 

operation and a salvageable limb, the benefits of thrombolysis should be weighed 

against the risks of surgical site bleeding. Beyond conventional catheter-directed 

thrombolysis, ultrasound-accelerated catheter-based thrombolysis has also been 

studied in the context of ALI.19,30–32 The single RCT comparing this technique 

to standard catheter-based thrombolytic therapy showed a significantly lower 

thrombolysis time and total amount of lytic agent required for treatment of 

ALI.19,32 More recently, case series have provided initial support for the use of 

mechanical thrombectomy (eg, pharmacomechanical or vacuum assisted) in the 

treatment of ALI.16–18,20,30 These studies have reported excellent safety using 

these newer techniques, with limb salvage rates exceeding 80% in most of these 

series.16–18

2. Multiple retrospective nonrandomized studies and 2 RCTs3,33–42 have shown 

that catheter-directed thrombolysis can be effective for bypass grafts and native 

arteries that are occluded for <14 days’ duration. Thrombolysis unmasks 

culprit lesions that can then be addressed depending on the nature of the 

lesion (eg, diffuse or focal atherosclerotic lesions, retained valves, neointimal 

hyperplasia). Durability of revascularization after thrombolysis can be improved 

by revascularization of the underlying culprit lesion using adjunctive surgical and 

endovascular procedures such as endarterectomy, patch angioplasty, interposition 

or jump extension grafts, or PTA without or with stenting. However, if 

the duration of arterial occlusion exceeds 14 days in duration, the benefits 

of thrombolysis are minimal, and attempts at revascularization using other 

techniques are generally necessary.36,38

3. Additional evaluation and consideration before revascularization may be 

warranted in patients with ALI associated with or induced by systemic 

proinflammatory and prothrombotic states. For example, the development of 

ALI as a complication of cancer chemotherapy has been described among 

patients undergoing treatment for different primary malignancies with regimens 

including platinum-based agents.8–11 In recent years, case reports of arterial 

thrombotic events associated with use of tyrosine kinase inhibitors have been 

reported.12 During the coronavirus disease-2019 (COVID-19) pandemic, dozens 

of case reports and case series described the development of ALI among patients 

infected with SARS-CoV-2, including among patients with severe multiorgan 

failure.6,7,13,14 In these complex cases of ALI associated with underlying 

systemic illness or its treatment, additional consideration may include further 

noninvasive imaging (ie, duplex ultrasound, CTA, MRA), evaluation of clinical 

stability and comorbidities, and multidisciplinary discussion in determining the 

treatment approach (medical therapy with anticoagulation and monitoring rather 
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than initial revascularization). During this evaluation, such patients are treated 

with unfractionated heparin, in the absence of contraindications (see Section 

11.2.3, “Anticoagulation for ALI”).

4. For patients with category III ALI (irreversible ischemia), amputation of 

nonviable tissue should be performed as the index procedure rather than 

revascularization. The risks associated with revascularization (ie, procedural 

complications) outweigh the potential benefit if the extremity is already insensate 

or immobile because of prolonged ischemia. In addition, in this setting, 

reperfusion and circulation of ischemic metabolites can result in multiorgan 

failure and cardiovascular collapse.43

11.2.2. Adjunctive Therapies to Minimize Tissue Loss in ALI

Recommendations for Adjunctive Therapies to Minimize Tissue Loss in ALI
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

1 C-EO 1. Patients with ALI should be monitored and treated for compartment syndrome with fasciotomy 
after revascularization (endovascular or surgical, including catheter-directed thrombolysis) to prevent 
the sequelae of reperfusion injury and need for amputation.

2a B-NR 2. In patients with ALI with a threatened but salvageable limb (ie, category IIa or IIb), prophylactic 
fasciotomy is reasonable based on the clinical findings.1,2

2a C-EO 3. In patients with ALI and prolonged ischemia in whom revascularization (endovascular or surgical, 
including catheter-directed thrombolysis) is performed, concurrent and early amputation can be 
beneficial to avoid the morbidity of reperfusion.

Synopsis: Patients presenting with ALI experience elevated rates of morbidity, mortality, 

and limb loss.3,4 Timely revascularization is the goal but, even with this, poor outcomes may 

be unavoidable. Adjuncts to limb revascularization, including fasciotomy for compartment 

syndrome and amputation, may be necessary to minimize tissue loss and preserve maximal 

limb function. Unlike patients in whom traumatic limb injury has occurred, elevated 

compartment pressures are generally not present at the time of initial presentation of 

ALI. In ALI, with partial or complete revascularization, reperfusion injury can occur. The 

mechanism is attributed to the release of oxygen-free radicals that create a leaky capillary 

process, resulting in elevated compartment pressures in the limb. Compartment syndrome is 

more likely to occur with prolonged periods of ischemia and more severe ischemia. Short 

periods of ischemia may be poorly tolerated in the patient with no preexisting PAD, although 

longer periods of ischemia may result in less cellular injury for the patient with chronic 

PAD and preexisting collateralization.5–7 The diagnosis of compartment syndrome is based 

on the history (including the duration of ischemia) and associated clinical findings (eg, 

elevated serum creatine kinase) but, in certain circumstances, may be confirmed with the 

measurement of elevated compartment pressures. Although compartment syndrome can also 

occur in the thigh, the lower leg is by far the most common site.7 A high clinical suspicion is 

necessary to permit early diagnosis of compartment syndrome so that timely decompression 

with surgical fasciotomy can interrupt the progression of ischemia leading to tissue necrosis.
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Recommendation-Specific Supportive Text

1. The lower extremity muscles are at risk for reperfusion injury in patients with 

ALI.1 Reperfusion to ischemic muscles can cause cellular edema within fascial 

compartments, resulting in increased compartment pressure and the development 

of clinical compartment syndrome. Monitoring for compartment syndrome is an 

important component of care for patients with ALI. For patients with clinical 

evidence of compartment syndrome (ie, based on physical examination, elevated 

serum creatine kinase, or both), immediate fasciotomy is indicated. Prompt 

action to measure compartment pressures and to perform fasciotomy of all 

involved compartments is an effective approach. In patients who present with 

ALI with prolonged or severe tissue ischemia, fasciotomy is indicated to mitigate 

the sequelae of reperfusion syndrome.

2. In patients with ALI with a threatened but salvageable limb (category IIa or IIb), 

the performance of prophylactic fasciotomies at the time of revascularization 

or early in the presentation (ie, before the clinical development of elevated 

compartment pressures) can avoid a later delay in diagnosis of compartment 

syndrome and devastating complications associated with this delayed diagnosis 

(eg, tissue necrosis, infection, limb amputation, and systemic metabolic toxicity). 

Observational studies have shown that early fasciotomy is associated with 

lower rates of limb amputation and shorter hospitalization among patients 

with ALI.1,2 The benefits of prophylactic fasciotomy should be balanced with 

the knowledge that the procedure is associated with a risk of complications, 

including dysesthesia related to nerve injury, incisional site complications, and 

infection.8 If, after fasciotomy, minimal tissue bulge is noted, resolves, or 

both with systemic diuresis and leg elevation, early delayed primary closure 

of fasciotomy incisions may mitigate associated wound morbidity. For those 

patients in whom delayed primary closure is not possible, NPWT is an effective 

option to reduce patient discomfort and facilitate incisional closure or prepare 

the wound bed for skin graft placement. Diligent postacute wound care should 

be used to mitigate wound complications, facilitate incisional management to 

closure, and obtain the ultimate goal of restoration of the functional limb.

3. In patients with ALI who present with prolonged ischemia and dense regional 

symptoms, concurrent amputation with revascularization can be clinically 

appropriate (eg, the patient presenting with acute multilevel occlusion with 

severe inflow and outflow disease and prolonged leg ischemia with limited 

functional motor activity of the foot or calf). In such cases, partial or complete 

revascularization can be performed with inflow with or without outflow 

revascularization, followed by concurrent major amputation of severely ischemic 

issue, leaving the amputation site open for a delayed closure at a later time. Such 

an approach expedites the conduct of the procedure and allows for surveillance 

of tissue viability over the days after revascularization. A delayed primary 

closure can then occur when the patient is more clinically stable and the level 

of tissue viability has been declared. Other scenarios in which this approach 

can be beneficial include patients with poor premorbid functional status or 
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frailty or severe comorbidity profile (eg, CAD, heart failure, CKD) for whom 

the metabolic burden of limb ischemia and reperfusion injury may be poorly 

tolerated.

11.2.3. Anticoagulation for ALI

Recommendation for Anticoagulation for ALI

COR LOE Recommendation

1 C-EO 1. In patients with ALI, regardless of cause or anatomic level of occlusion, systemic anticoagulation 
with unfractionated heparin should be administered on diagnosis unless contraindicated.

Synopsis: All patients with ALI should be evaluated for revascularization, and all should 

receive medical therapy while revascularization plans are being determined (Figure 8). 

The mainstay of medical therapy for ALI is systemic anticoagulation, typically with 

unfractionated heparin, which serves to mitigate the impact of ischemia and help the process 

of thrombolysis begin. However, certain patients may not be candidates for anticoagulation 

for ALI, including those at high risk of bleeding, or those with ALI associated with aortic 

dissection or major vascular trauma.

Recommendation-Specific Supportive Text

1. In the absence of contraindication (eg, active bleeding or high bleeding risk), 

therapeutic doses of intravenous unfractionated heparin are given to patients 

with ALI on diagnosis. Intravenous unfractionated heparin is preferred to other 

agents given its short half-life and titratability, especially as revascularization 

plans are being determined. The goal of systemic anticoagulation is to limit 

the propagation of existing thrombus and distal embolization. Heparin may 

also provide an anti-inflammatory effect that lessens ischemia. This practice 

is widely accepted, although no randomized trials have established improved 

outcomes with anticoagulation versus none or comparing different classes 

of systemic anticoagulants. For patients with a history of heparin-induced 

thrombocytopenia, a direct thrombin inhibitor rather than heparin can be 

administered.1,2 Anticoagulation for ALI should be weighed against the risk of 

bleeding.

11.3. Diagnostic Evaluation for the Cause of ALI

Recommendations for Diagnostic Evaluation for the Cause of ALI

COR LOE Recommendations

1 C-EO 1. In patients with ALI, a comprehensive medical history and physical examination should be 
performed to determine the cause of thrombosis or embolization.

2a C-LD 2. In patients with ALI, testing for a cardiovascular cause of thromboembolism can be useful.1–4

Synopsis: ALI is a vascular emergency that requires rapid diagnosis and management, 

including timely revascularization to reperfuse the ischemic limb (see Section 11.1, 

“Initial Clinical Evaluation and Diagnostic Approach to ALI,” and Section 11.2.1, 

“Revascularization for ALI”). Causes of ALI include acute thrombosis of native vessel 
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or bypass grafts in the setting of known diagnosis of PAD, arterial embolism, dissection, 

and trauma.5 Determination of the potential underlying cause of ALI is crucial to 

implementing therapies to prevent recurrent events, but such an evaluation should not delay 

revascularization and other potentially limb-saving therapies. Potential underlying causes of 

ALI are listed in Table 20.

Recommendation-Specific Supportive Text

1. Underlying PAD is a common cause of ALI. Among patients with PAD, 

the rate of ALI is 0.8% to 1.7%.6–8 Most patients with ALI attributable 

to underlying PAD have a history of lower extremity revascularization, 

amputation, or lower baseline ABI values (≤0.60).8 Thus, for all patients 

presenting with ALI, a targeted history regarding known PAD, including 

previous revascularization procedures, should be obtained. Beyond PAD, other 

key causes of ALI include native vessel thrombosis and systemic embolization.6 

Thus, the history and review of systems should focus on uncovering clinical 

evidence of these other conditions that can result in ALI, including atrial 

fibrillation, MI or cardiomyopathy with left ventricular thrombus, valvular 

heart disease, aortic disease, and hypercoagulable states. A recent history of 

vascular access (eg, femoral access for catheterization) should be obtained. The 

history should also capture current medications, including anticoagulants (and 

when last taken) and family history of thrombosis. The review of systems is 

performed to capture those that can be clues to these underlying conditions 

(eg, heart palpations, tachycardia, recent chest pain, symptoms of heart failure, 

asymmetric leg swelling). Recently, the association of ALI with COVID-19 

infection has been established, thus querying for known recent COVID-19 

infection as well as fever, cough, and other signs of viral infection should 

be included.9,10 Although the physical examination initially focuses on rapid 

targeted evaluation of the ischemic limb(s) to plan revascularization (see 

Section 11.2.1, “Revascularization for ALI”), further comprehensive examination 

includes assessment of the heart (eg, for irregular rhythm, presence of murmur) 

and lungs (eg, for signs of congestive heart failure or infection), limb swelling 

(eg, suggesting deep vein thrombosis with paradoxical embolization), and 

examination for other signs of systemic illness. Potential underlying causes of 

ALI are presented in Table 20.

2. With rare exceptions, treatment of ALI should not be delayed for testing for the 

underlying cause. For patients in whom underlying PAD is the unclear cause 

of the ALI event, additional evaluation can be useful to identify a potential 

underlying cause and implement therapy to prevent recurrence. The association 

between atrial fibrillation and lower extremity embolic events has been well 

described, and long-term oral anticoagulation in such patients is important 

to prevent recurrence.1 Beyond the history and physical examination, testing 

for an underlying cardiac cause can include electrocardiography or additional 

heart rhythm monitoring to detect atrial fibrillation, electrocardiography to 

detect evidence of MI, and echocardiography to further determine whether a 
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cardiac cause for thromboembolism exists, such as valvular vegetation, left atrial 

or left ventricular thrombus, or intracardiac shunt.1 Landry et al4 reported a 

series of patients with lower extremity ALI unattributable to underlying PAD 

or aortic pathology and found a significant prevalence of atrial fibrillation 

(30%) as well as abnormalities on echocardiography (84 patients imaged), 

including any valvular disease (61%), intracardiac thrombus (11%), and mitral 

stenosis (4%). A presumed major cardioembolic cause (atrial fibrillation, mitral 

stenosis, or intracardiac thrombus) was identified in 44% of patients with 

presumed cardioembolic ALI.4 Beyond cardiac evaluation, additional testing, 

such as imaging of the aorta (ie, for thrombus or aneurysm) or evaluation for 

hypercoagulable states, is determined based on the initial clinical evaluation 

and suggestive findings in the history, physical examination, or those identified 

during treatment for ALI (ie, findings on catheter angiography obtained at the 

time of revascularization).

12. LONGITUDINAL FOLLOW-UP OF PAD

Recommendations for Longitudinal Follow-Up of PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

General Principles

1 C-EO 1. In patients with PAD, with or without revascularization, longitudinal follow-up with routine 
clinical evaluation, including assessment of limb symptoms and functional status, lower extremity 
pulse and foot assessment, and progress of risk factor management, is recommended.

1 C-EO 2. In patients with PAD, coordination of care among clinicians to improve the management of PAD 
and comorbid conditions and to optimize patient outcomes is recommended.

Functional Status and QOL

1 B-NR 3. In patients with PAD, with or without revascularization, periodic assessment of functional status 
as well as overall health-related QOL as a component of longitudinal follow-up is recommended.1–6

Medical Therapy

1 A 4. In patients with PAD, long-term use of GDMT to prevent MACE and MALE is recommended.7–12

Postrevascularization Follow-Up

1 C-LD 5. In patients with PAD who have undergone lower extremity revascularization (ie, surgical and/or 
endovascular), longitudinal follow-up that includes periodic clinical evaluation of lower extremity 
symptoms and pulse and foot assessment is recommended.13–16

1 C-LD 6. In patients with PAD who have undergone lower extremity revascularization (ie, surgical, 
endovascular, or both) with new lower extremity signs or symptoms, ABI and arterial duplex 
ultrasound is recommended.14,17–20

2a B-R 7. In patients with PAD who have undergone infrainguinal, autogenous vein bypass graft(s) without 
new lower extremity signs or symptoms, it is reasonable to perform ABI and arterial duplex 
ultrasound surveillance within the first 1 to 3 months postprocedure, then repeat at 6 and 12 months, 
and then annually.13,14,20–22

2a C-LD 8. In patients with PAD who have undergone endovascular procedures without new lower extremity 
signs or symptoms, it is reasonable to perform ABI and arterial duplex ultrasound surveillance 
within the first 1 to 3 months postprocedure, then repeat at 6 and 12 months, and then 
annually.17,19,20

2b B-NR 9. In patients with PAD who have undergone infrainguinal, prosthetic bypass graft(s) without 
new lower extremity signs or symptoms, the effectiveness of ABI and arterial duplex ultrasound 
surveillance is uncertain.14,20,23,24

Telehealth
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Recommendations for Longitudinal Follow-Up of PAD
Referenced studies that support the recommendations are summarized in the Online Data Supplement.

COR LOE Recommendations

2a C-LD 10. For patients with PAD, telehealth can be an alternative mode for vascular evaluation and 
management and longitudinal follow-up, but the use of these visits should be consistent with the 
urgency of presenting symptoms.25–28

Synopsis

PAD is a chronic medical condition. A comprehensive care plan for patients with PAD 

includes periodic clinical evaluation by a health care professional with experience in the 

care of patients with vascular disease and coordination of care among other clinicians. 

Ongoing care focuses on cardiovascular and limb risk reduction (ie, prevention of MACE 

and MALE) with medical therapy, optimizing functional status and QOL with structured 

exercise and, when indicated, revascularization. Patients with PAD who have undergone 

revascularization need ongoing surveillance, although the optimal frequency of surveillance 

after revascularization has yet to be determined.

Recommendation-Specific Supportive Text

1. Because patients with PAD are at risk for MACE (including MI, stroke, 

and death) and because traditional cardiovascular risk factors are strongly 

associated with the development and progression of PAD, aggressive risk factor 

management is an important component of longitudinal care (see Section 5, 

“Medical Therapy and Preventive Foot Care for the Patient With PAD”). GDMT 

and risk factor management seek to slow the progression of PAD and prevent 

MACE and MALE (see Section 5, “Medical Therapy and Preventive Foot 

Care for the Patient With PAD”). Beyond risk factor management, monitoring 

limb symptoms and functional status allows for assessment of the degree 

of functional impairment, participation in a structured exercise program (see 

Section 6, “Exercise Therapy for PAD”), and worsening of symptoms that 

would warrant evaluation for revascularization. Longitudinal follow-up care 

also includes lower extremity pulse and foot assessment and opportunities for 

education regarding good foot care and awareness of signs of worsening PAD, 

including CLTI. Specific timing, intervals, or both of routine follow-up visits is 

tailored to the patient-specific clinical context, including severity of disease and 

degree of functional limitation, history, and timing of previous revascularization 

procedures, and need for adjustment of medications to optimize GDMT and 

control risk factors.

2. Because of the complexity of PAD, a multispecialty care team approach 

promotes collaboration and avoids potential duplication of care.13,14,29–32 

Coordination of care is particularly important for risk factor management (ie, 

diabetes, hypertension, smoking, dyslipidemia) to optimize outcomes for these 

patients. Saratzis et al33 estimated that management of cardiovascular risk 

factors in patients with PAD, including optimal LDL-C, good blood pressure 

control, smoking cessation, and antiplatelet therapy, could lead to an average of 
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6.3 MACE-free years gained in a population of patients observed longitudinally 

for medical management of PAD.

3. In a chronic disease such as PAD, assessment of functional status and QOL 

provides a meaningful way to determine the impact of therapies.34 In patients 

with PAD, the perception of walking capacity, pain, and social and emotional 

implications of living with PAD are all important QOL measures. Although 

assessment of functional status and QOL can inform and be incorporated 

into the clinical assessment, validated questionnaires have been developed and 

can be administered via patient electronic health records or via a computer 

in the waiting area, thus eliminating the need for data entry by health care 

personnel. These assessments can be incorporated into clinical follow-up visits. 

A scientific statement on patient-reported health status measures for PAD has 

been published.35 Examples of validated QOL tools for PAD include:

• VasculQoL-6,1 a shortened version of the PAD-specific instrument 

VascuQOL, which was found to be a valid and responsive instrument 

for the measurement of health-related QOL in PAD.

• PADQOL, a PAD-specific QOL measure, which measures the impact 

of PAD and the patient’s subjective experience.2

• PAQ, a PAD-specific health status measure. The PAQ Summary Score 

has been correlated to the ABI, and a lower PAQ Summary Score 

has been found to be associated with an increased likelihood of PAD 

among patients with suspected PAD symptoms.3–5

Simple tools to screen for depression, such as the Patient Health 

Questionnaire-9, can also be implemented.36 Depression has been 

recognized as prevalent among patients with PAD and has been 

recognized as a risk amplifier (see Section 4.1, “Amplifiers of 

Cardiovascular and Limb-Related Risk in Patients With PAD”) that 

is associated with adverse outcomes.37–39

Functional status can be assessed informally (ie, by asking about 

subjective pain-free and maximal walking distances and ability to walk 

in daily life and participate in vocational and recreational activities), 

or through objective functional assessments (exercise treadmill ABI 

testing or 6MWT). The 6MWT assesses the distance a patient can walk 

in a 6-minute period and is a submaximal test of endurance capacity, 

aerobic capacity, or both. The 6MWT is simple and easy to perform at 

a low cost and can be done by those who are deconditioned, elderly, or 

frail.6

4. GDMT for PAD and evidence-based recommendations for specific elements 

of GDMT are discussed in Section 5, “Medical Therapy and Preventive Foot 

Care for the Patient With PAD” (Figure 4). Maintaining patient-specific GDMT 

to prevent MACE and MALE is an important element of longitudinal care 

for patients with PAD. Lipid-lowering therapies reduce the risk of MACE and 
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MALE events in patients with PAD.7,8,40,41 Statin therapy postoperatively is 

associated with improved survival in patients who undergo lower extremity 

bypass surgery for CLTI.42 Antiplatelet and antithrombotic therapies are 

fundamental to prevent MACE, including MI, ischemic stroke, and death, but 

have also shown to be important in reducing limb events in stable PAD and 

post-revascularization.9–11,43–48 Management of diabetes and hypertension are 

both important components of care for patients with PAD, and glycemic control 

is especially important for patients with CLTI and nonhealing wounds.12,49–51 

Maintenance of smoking cessation is critical for patients with PAD (see Section 

5.4, “Smoking Cessation for PAD”).

5–9. Both endovascular and surgical revascularization can be complicated by 

restenosis caused by neointimal hyperplasia as well as other complications. 

Neointimal hyperplasia involves thickening of the tunica intima of an artery and 

involves the proliferation and migration of medial smooth muscle cells into a 

region as it becomes stenotic in response to revascularization.15,16 The goal of 

routine surveillance after revascularization is to identify intervention sites with 

significant restenosis that are at risk for failure, even in the absence of signs or 

symptoms (ie, to maintain patency). A reduction in the ABI of >0.15 from a 

previous value has been proposed to detect revascularization failure, but ABIs 

should be used in combination with duplex ultrasound to improve sensitivity 

for detecting significant restenosis.14,19 If issues with revascularization are 

identified early, prompt reintervention can improve outcomes (eg, patency). To 

date, limited data show clinical benefits of a duplex ultrasound surveillance 

program. However, Venermo et al13 created a consensus document from 

a systematic literature review toward the goal of providing standardized 

surveillance postrevascularization based on a combination of evidence and 

authors’ expertise. Multisocietal appropriate use criteria for vascular testing 

have been published that include criteria for surveillance after endovascular 

and surgical revascularization.17,20 In 2018, the Society for Vascular Surgery 

published practice guidelines for follow-up after vascular surgery arterial 

procedures based on observational studies, committee consensus, and indirect 

evidence.14 These guidelines address surveillance after endovascular and 

surgical revascularization and by arterial segment. Clinical evidence to support 

the use of duplex ultrasound for surveillance after revascularization is most 

robust for surveillance of infrainguinal autogenous vein bypass grafts, including 

randomized trials and a meta-analysis with mixed results.18,21,22 However, 

duplex ultrasound surveillance of prosthetic bypass grafts has not been shown 

to reliably predict graft failure as it does in vein graft surveillance.23,24 Low 

flow is often an indicator of an increased risk of graft failure, especially in 

prosthetic bypass grafts.23 Multiple observational studies have evaluated duplex 

ultrasound surveillance after endovascular revascularization by anatomic level 

(ie, aortoiliac, femoropopliteal, infrapopliteal vessels).14,19 The finding of a 

severe stenosis within a bypass graft or at the site of an endovascular procedure 

often requires additional intervention and revascularization, especially in the 
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presence of new lower extremity signs or symptoms, but is beyond the scope of 

this document.

10. Telehealth (eg, virtual visits) is an alternative mode of clinical evaluation and 

care for patients with PAD, but its usefulness in clinical practice depends on 

the patient’s clinical presentation and stability of symptoms. Use of telehealth 

can be appropriate for evaluation and follow-up of patients with subclinical 

or chronic symptomatic PAD. However, it is of limited use for the evaluation 

of patients with more severe symptoms, including those with suspected CLTI 

(including lower extremity wounds) or ALI, in which case an in-person visit is 

more appropriate. Early observational studies reporting experience with use of 

telehealth for patients with stable, symptomatic PAD have been published.25–27 

A scientific statement on the use of telehealth for cardiovascular care has been 

published.28

13. EVIDENCE GAPS AND ADVOCACY PRIORITIES FOR PAD

13.1. Evidence Gaps

In performing its evidence review and in developing the present guidelines, the writing 

committee identified these critical evidence gaps in the field of PAD to which priority should 

be given for the development and funding of future studies:

1. Studies to determine the potential benefit of screening for PAD among 

asymptomatic, at-risk patients with subsequent implementation of therapies for 

cardiovascular risk reduction.

2. Clinical trials to determine the potential benefit of medical therapies to prevent 

MACE and MALE among patients with asymptomatic PAD.

3. Further clinical trials to determine the optimal antiplatelet and antithrombotic 

regimen (drug and dose, duration) for patients with PAD who have undergone 

revascularization procedures.

4. Studies of use of telehealth technology to improve access to SET for PAD 

compared with facility-based supervised exercise.

5. Development of effective new medical therapies to improve functional status in 

patients with PAD.

6. Development of patient-reported metrics of functional status and walking 

performance for PAD and integration of these metrics in outcome measures of 

studies of revascularization.

7. RCT or registry data analyzing outcomes for patients with chronic symptomatic 

PAD (claudication and other ischemia-related exertional leg symptoms) treated 

by exercise therapy, endovascular management, and surgical management with 

hard outcomes, including MACE and MALE. Further analyses of such data 

to identify which patients are most likely to benefit from revascularization, 

to predict the degree of functional response, and to develop evidence-based 

algorithms for selection of patients for revascularization and determination 
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of modality of revascularization. Such data could be incorporated into future 

decision aids and other tools for shared decision-making discussions with 

patients regarding revascularization.

8. Expanding the evidence base with comparative effectiveness studies of different 

endovascular devices (eg, balloon angioplasty, drug-coated balloon angioplasty, 

atherectomy) for revascularization of PAD.

9. Studies investigating the effect of shared decision-making strategies in the 

management of chronic symptomatic PAD and CLTI.

10. Studies comparing outcomes of different revascularization strategies for CLTI 

for optimal wound healing and limb salvage (ie, in-line flow, angiosome, wound 

blush, etc.).

11. Studies to determine ideal timing and modality for vascular surveillance testing 

postrevascularization procedures.

13.2. Advocacy Priorities

Through its review of the literature, discussions, and guideline development, the writing 

committee identified priorities for advocacy in the field of PAD. This list of priorities 

could be incorporated into future collaborative multispecialty and multisocietal initiatives to 

advance toward a future of improved recognition and diagnosis, access to care, and clinical 

outcomes for patients with this important CVD.

1. Collaborative teamwork among all specialties that care for patients with PAD to 

expand access to care and improve patient outcomes.

2. Implementation of the PAD National Action Plan, which outlines 6 strategic 

goals to improve awareness, detection, and treatment of PAD nationwide.1 This 

is recognized as a top advocacy priority by the writing committee.

3. Broad dissemination and implementation of these guidelines to improve 

detection of and care for patients with PAD (and particularly CLTI) with the 

goal of reducing nontraumatic limb amputation in the United States by 20% by 

2030.2

4. Focus on quality outcomes in PAD (prescription of GDMT, smoking cessation, 

prevention of readmissions after revascularization). A suggested next step 

includes the development of AHA Get With The Guidelines initiatives to address 

disparities in prevention and risk factor modification between PAD and CAD.

5. Improved access to, affordability of, and thus utilization of SET for PAD, 

including development of hybrid programs that have some facility-based and 

some community- and home-based component, including use of telehealth.

6. Implementation of interventions to address the racial disparity gap in amputation 

and revascularization and to improve limb and cardiovascular outcomes for 

all patients with PAD. The potential impact of such interventions on clinical 

outcomes should be studied and reported.
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7. Use of telehealth and remote patient-monitoring devices (eg, wearables, 

smart devices) to provide PAD-related care for underserved areas and patient 

populations and for populations that require more intensive follow-up, such as 

CLTI.

8. Creation of a national registry of nontraumatic lower extremity amputation to 

identify opportunities for improvement and to unmask factors associated with 

disparities in treatment. Such a registry would provide data to track the AHA 

goal of 20% reduction in amputations by 2030.2
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TOP 10 TAKE-HOME MESSAGES

1. Peripheral artery disease (PAD) is a common cardiovascular disease 

associated with increased risk of amputation, myocardial infarction, stroke, 

and death, as well as impaired quality of life (QOL), walking performance, 

and functional status.

2. This guideline defines 4 clinical subsets of PAD: asymptomatic PAD 

(may have functional impairment), chronic symptomatic PAD (including 

claudication), chronic limb-threatening ischemia, and acute limb ischemia.

3. Detection of PAD in most patients is accomplished through the history, 

physical examination, and resting ankle-brachial index.

4. Health disparities in PAD are associated with poor limb and cardiovascular 

outcomes and must be addressed at the individual patient and population 

levels, with interventions coordinated between multiple stakeholders across 

the cardiovascular community and public health infrastructure.

5. Effective medical therapies for patients with PAD should be prescribed to 

prevent major adverse cardiovascular events and major adverse limb events 

for patients with PAD, including antiplatelet (generally single antiplatelet) 

and antithrombotic therapy, lipid-lowering (ie, high-intensity statin) and 

antihypertensive therapy, management of diabetes, and smoking cessation. 

Rivaroxaban (2.5 mg twice daily) combined with low-dose aspirin (81 mg 

daily) is effective to prevent major adverse cardiovascular events and major 

adverse limb events in patients with PAD who are not at increased risk of 

bleeding.

6. Structured exercise is a core component of care for patients with PAD. 

It includes supervised exercise therapy and community-based (including 

structured home-based) programs.

7. Revascularization (endovascular, surgical, or hybrid) should be used to 

prevent limb loss in those with chronic limb-threatening ischemia and can 

be used to improve QOL and functional status in patients with claudication 

not responsive to medical therapy and structured exercise.

8. Care for patients with PAD, and especially those with chronic limb-

threatening ischemia, is optimized when delivered by a multispecialty care 

team.

9. Foot care is crucial for patients with PAD across all clinical subsets and 

ranges from preventive care and patient education to advanced care in the 

setting of chronic limb-threatening ischemia. Podiatrists and other specialists 

with expertise in foot care, wound-healing therapies, and foot surgery are 

important members of the multispecialty care team.

10. The PAD National Action Plan outlines 6 strategic goals to improve 

awareness, detection, and treatment of PAD nationwide. Implementation of 

et al. Page 152

Circulation. Author manuscript; available in PMC 2026 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



this action plan is recognized as a top advocacy priority by the writing 

committee.
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Figure 1. Clinical Subsets of PAD.
ALI indicates acute limb ischemia; CLTI, chronic limb-threatening ischemia; and PAD, 

peripheral artery disease.
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Figure 2. Algorithm for Diagnostic Testing for PAD.
*If not already performed. Colors correspond to Table 3. ABI indicates ankle-brachial index; 

CLTI, chronic limb-threatening ischemia; CTA, computed tomography angiography; GDMT, 

guideline-directed management and therapy; MRA, magnetic resonance angiography; PAD, 

peripheral artery disease; PVR, pulse volume recording, SPP, skin perfusion pressure; TBI, 

toe-brachial index; and TcPO2, transcutaneous oxygen pressure.
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Figure 3. Health Disparities and PAD-Related Risk Amplifiers Increase Risk of MACE and 
MALE.
MACE indicates major adverse cardiovascular events; MALE, major adverse limb events; 

and PAD, peripheral artery disease.
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Figure 4. Medical Therapy and Foot Care for PAD.
Colors correspond to Table 3. Afib indicates atrial fibrillation; BID, 2 times daily; CLTI, 

chronic limb-threatening ischemia; DAPT, dual antiplatelet therapy; PAD, peripheral artery 

disease; SAPT, single antiplatelet therapy; SARS-CoV-2, severe acute respiratory syndrome 

coronavirus 2; and VTE, venous thromboembolism.
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Figure 5. Algorithm for Revascularization for Claudication (Chronic Symptomatic PAD).
Colors correspond to Table 3. GDMT indicates guideline-directed management and therapy; 

PAD, peripheral artery disease; and QOL, quality of life.
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Figure 6. Components of Care for CLTI.
CLTI indicates chronic limb-threatening ischemia.
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Figure 7. Algorithm for Management of CLTI.
Colors correspond to Table 3. CLTI indicates chronic limb-threatening ischemia, GDMT, 

guideline-directed management and therapy; PAD, peripheral artery disease; and QOL, 

quality of life.
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Figure 8. Algorithm for Diagnosis and Management of ALI.
Colors correspond to Table 3. ALI indicates acute limb ischemia; CV, cardiovascular; and 

ECG, electrocardiogram.

et al. Page 161

Circulation. Author manuscript; available in PMC 2026 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

et al. Page 162

Ta
b

le
 1

.
A

ss
oc

ia
te

d 
G

ui
de

lin
es

 a
nd

 S
ta

te
m

en
ts

T
it

le
O

rg
an

iz
at

io
n(

s)
P

ub
lic

at
io

n 
Y

ea
r 

(R
ef

er
en

ce
)

A
H

A
/A

C
C

 G
ui

de
lin

es

Pe
ri

op
er

at
iv

e 
ca

rd
io

va
sc

ul
ar

 e
va

lu
at

io
n 

an
d 

m
an

ag
em

en
t o

f 
pa

tie
nt

s 
un

de
rg

oi
ng

 n
on

ca
rd

ia
c 

su
rg

er
y

A
C

C
/A

H
A

20
14

6

Fo
cu

se
d 

up
da

te
 o

n 
du

ra
tio

n 
of

 d
ua

l a
nt

ip
la

te
le

t t
he

ra
py

 in
 p

at
ie

nt
s 

w
ith

 c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

A
C

C
/A

H
A

20
16

7

Pr
ev

en
tio

n,
 d

et
ec

tio
n,

 e
va

lu
at

io
n,

 a
nd

 m
an

ag
em

en
t o

f 
hi

gh
 b

lo
od

 p
re

ss
ur

e 
in

 a
du

lts
A

C
C

/A
H

A
/A

A
PA

/A
B

C
/A

C
PM

/A
G

S/
A

Ph
A

/A
SH

/A
SP

C
/N

M
A

/P
C

N
A

20
17

8

M
an

ag
em

en
t o

f 
bl

oo
d 

ch
ol

es
te

ro
l

A
H

A
/A

C
C

/A
A

C
V

PR
/A

A
PA

/A
B

C
/

A
C

PM
/A

D
A

/A
D

A
/A

G
S/

A
Ph

A
/A

SP
C

/N
L

A
/

PC
N

A

20
18

9

Pr
ev

en
tio

n 
of

 s
tr

ok
e 

in
 p

at
ie

nt
s 

w
ith

 s
tr

ok
e 

an
d 

tr
an

si
en

t i
sc

he
m

ic
 a

tta
ck

A
H

A
/A

SA
20

21
10

M
an

ag
em

en
t o

f 
pa

tie
nt

s 
w

ith
 c

hr
on

ic
 c

or
on

ar
y 

di
se

as
e

A
H

A
/A

C
C

/A
C

C
P/

A
SP

C
/N

L
A

/P
C

N
A

20
23

11

Sc
ie

nt
if

ic
 S

ta
te

m
en

ts
, P

ol
ic

y 
St

at
em

en
ts

, a
nd

 O
th

er
 S

oc
ie

ta
l G

ui
de

lin
es

In
fl

ue
nz

a 
va

cc
in

at
io

n 
as

 s
ec

on
da

ry
 p

re
ve

nt
io

n 
fo

r 
ca

rd
io

va
sc

ul
ar

 d
is

ea
se

A
H

A
/A

C
C

20
06

12

M
ea

su
re

m
en

t a
nd

 in
te

rp
re

ta
tio

n 
of

 th
e 

an
kl

e-
br

ac
hi

al
 in

de
x

A
H

A
20

12
13

A
or

to
-i

lia
c 

ar
te

ri
al

 in
te

rv
en

tio
n 

ap
pr

op
ri

at
e 

us
e

SC
A

I
20

14
14

L
ow

er
 e

xt
re

m
ity

 th
re

at
en

ed
 li

m
b 

cl
as

si
fi

ca
tio

n 
sy

st
em

SV
S

20
14

15

A
th

er
os

cl
er

ot
ic

 o
cc

lu
si

ve
 d

is
ea

se
 o

f 
th

e 
lo

w
er

 e
xt

re
m

iti
es

: m
an

ag
em

en
t o

f 
as

ym
pt

om
at

ic
 d

is
ea

se
 a

nd
 c

la
ud

ic
at

io
n

SV
S

20
15

16

Pr
ev

en
tio

n 
of

 c
ar

di
ov

as
cu

la
r 

di
se

as
e 

in
 a

du
lts

 w
ith

 ty
pe

 2
 d

ia
be

te
s 

in
 li

gh
t o

f 
re

ce
nt

 e
vi

de
nc

e
A

H
A

/A
D

A
20

15
17

D
ec

is
io

n 
pa

th
w

ay
 o

n 
to

ba
cc

o 
ce

ss
at

io
n 

tr
ea

tm
en

t
A

C
C

20
18

18

O
pt

im
al

 e
xe

rc
is

e 
pr

og
ra

m
s 

fo
r 

pa
tie

nt
s 

w
ith

 P
A

D
A

H
A

20
19

19

M
an

ag
em

en
t o

f 
ch

ro
ni

c 
lim

b-
th

re
at

en
in

g 
is

ch
em

ia
SV

S/
E

SV
S/

W
FV

S
20

19
20

Im
pl

em
en

ta
tio

n 
of

 s
up

er
vi

se
d 

ex
er

ci
se

 th
er

ap
y 

fo
r 

pa
tie

nt
s 

w
ith

 s
ym

pt
om

at
ic

 P
A

D
A

H
A

20
19

21

Pe
rf

us
io

n 
as

se
ss

m
en

t i
n 

cr
iti

ca
l l

im
b 

is
ch

em
ia

: p
ri

nc
ip

le
s 

fo
r 

un
de

rs
ta

nd
in

g 
an

d 
th

e 
de

ve
lo

pm
en

t o
f 

ev
id

en
ce

 a
nd

 
ev

al
ua

tio
n 

of
 d

ev
ic

es
A

H
A

20
19

22

Pe
ri

ph
er

al
 a

rt
er

y 
in

te
rv

en
tio

n
A

C
C

/A
H

A
/S

C
A

I/
SI

R
/S

V
M

20
19

23

D
ev

ic
e 

se
le

ct
io

n 
in

 a
or

to
-i

lia
c 

ar
te

ri
al

 in
te

rv
en

tio
ns

SC
A

I
20

20
24

R
ed

uc
in

g 
no

nt
ra

um
at

ic
 lo

w
er

-e
xt

re
m

ity
 a

m
pu

ta
tio

ns
 b

y 
20

%
 b

y 
20

30
: t

im
e 

to
 g

et
 to

 o
ur

 f
ee

t
A

H
A

20
21

25

A
dv

an
ci

ng
 P

A
D

 q
ua

lit
y 

of
 c

ar
e 

an
d 

ou
tc

om
es

 th
ro

ug
ho

ut
 p

at
ie

nt
-r

ep
or

te
d 

he
al

th
 s

ta
tu

s 
as

se
ss

m
en

t
A

H
A

20
22

26

Circulation. Author manuscript; available in PMC 2026 January 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

et al. Page 163

T
it

le
O

rg
an

iz
at

io
n(

s)
P

ub
lic

at
io

n 
Y

ea
r 

(R
ef

er
en

ce
)

A
n 

ov
er

vi
ew

 o
f 

te
le

he
al

th
 in

 th
e 

m
an

ag
em

en
t o

f 
ca

rd
io

va
sc

ul
ar

 d
is

ea
se

A
H

A
20

22
27

In
tr

od
uc

tio
n 

an
d 

m
et

ho
do

lo
gy

: s
ta

nd
ar

ds
 o

f 
ca

re
 in

 d
ia

be
te

s
A

D
A

20
22

28

M
an

ag
em

en
t o

f 
in

te
rm

itt
en

t c
la

ud
ic

at
io

n
SV

S
20

22
29

C
om

pe
te

nc
ie

s 
fo

r 
en

do
va

sc
ul

ar
 s

pe
ci

al
is

ts
 p

ro
vi

di
ng

 C
LT

I 
ca

re
SC

A
I/

A
C

R
/A

PM
A

/S
V

C
S/

SI
R

/S
V

M
/S

V
S/

V
E

SS
20

22
30

H
ea

lth
 d

is
pa

ri
tie

s 
in

 P
A

D
A

H
A

20
23

31

A
A

C
V

PR
 in

di
ca

te
s 

A
m

er
ic

an
 A

ss
oc

ia
tio

n 
of

 C
ar

di
ov

as
cu

la
r 

an
d 

Pu
lm

on
ar

y 
R

eh
ab

ili
ta

tio
n;

 A
A

PA
, A

m
er

ic
an

 A
ca

de
m

y 
of

 P
hy

si
ci

an
 A

ss
is

ta
nt

s;
 A

B
C

, A
ss

oc
ia

tio
n 

of
 B

la
ck

 C
ar

di
ol

og
is

ts
; A

C
C

, A
m

er
ic

an
 

C
ol

le
ge

 o
f 

C
ar

di
ol

og
y;

 A
C

PM
, A

m
er

ic
an

 C
ol

le
ge

 o
f 

Pr
ev

en
tiv

e 
M

ed
ic

in
e;

 A
C

R
, A

m
er

ic
an

 C
ol

le
ge

 o
f 

R
ad

io
lo

gy
; A

D
A

, A
m

er
ic

an
 D

ia
be

te
s 

A
ss

oc
ia

tio
n;

 A
G

S,
 A

m
er

ic
an

 G
er

ia
tr

ic
s 

So
ci

et
y;

 A
H

A
, 

A
m

er
ic

an
 H

ea
rt

 A
ss

oc
ia

tio
n;

 A
Ph

A
, A

m
er

ic
an

 P
ha

rm
ac

is
ts

 A
ss

oc
ia

tio
n;

 A
PM

A
, A

m
er

ic
an

 P
od

ia
tr

ic
 M

ed
ic

al
 A

ss
oc

ia
tio

n;
 A

SH
, A

m
er

ic
an

 S
oc

ie
ty

 o
f 

H
yp

er
te

ns
io

n;
 A

SP
C

, A
m

er
ic

an
 S

oc
ie

ty
 f

or
 

Pr
ev

en
tiv

e 
C

ar
di

ol
og

y;
 C

LT
I,

 c
hr

on
ic

 li
m

b-
th

re
at

en
in

g 
is

ch
em

ia
; E

SV
S,

 E
ur

op
ea

n 
So

ci
et

y 
fo

r 
V

as
cu

la
r 

Su
rg

er
y;

 N
L

A
, N

at
io

na
l L

ip
id

 A
ss

oc
ia

tio
n;

 N
M

A
, N

at
io

na
l M

ed
ic

al
 A

ss
oc

ia
tio

n;
 P

A
D

, p
er

ip
he

ra
l 

ar
te

ry
 d

is
ea

se
; S

C
A

I,
 S

oc
ie

ty
 f

or
 C

ar
di

ov
as

cu
la

r 
A

ng
io

gr
ap

hy
 a

nd
 I

nt
er

ve
nt

io
ns

; S
C

V
S,

 S
oc

ie
ty

 f
or

 C
lin

ic
al

 V
as

cu
la

r 
Su

rg
er

y;
 S

IR
, S

oc
ie

ty
 o

f 
In

te
rv

en
tio

na
l R

ad
io

lo
gy

; S
V

M
, S

oc
ie

ty
 f

or
 V

as
cu

la
r 

M
ed

ic
in

e;
 S

V
S,

 S
oc

ie
ty

 f
or

 V
as

cu
la

r 
Su

rg
er

y;
 P

C
N

A
, P

re
ve

nt
iv

e 
C

ar
di

ov
as

cu
la

r 
N

ur
se

s 
A

ss
oc

ia
tio

n;
 V

E
SS

, V
as

cu
la

r 
&

 E
nd

ov
as

cu
la

r 
Su

rg
ic

al
 S

oc
ie

ty
; a

nd
 W

FV
S,

 W
or

ld
 F

ed
er

at
io

n 
of

 V
as

cu
la

r 
So

ci
et

ie
s.

Circulation. Author manuscript; available in PMC 2026 January 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

et al. Page 164

Ta
b

le
 2

.
D

ef
in

iti
on

s 
of

 P
A

D
 K

ey
 T

er
m

s

Te
rm

D
ef

in
it

io
n

A
L

I
A

cu
te

 (
≤2

 w
k)

32
,3

3  
hy

po
pe

rf
us

io
n 

of
 th

e 
lim

b 
th

at
 m

ay
 b

e 
ch

ar
ac

te
ri

ze
d 

by
: p

ai
n,

 p
al

lo
r, 

pu
ls

el
es

sn
es

s,
 p

oi
ki

lo
th

er
m

ia
, p

ar
es

th
es

ia
s,

 a
nd

/o
r 

pa
ra

ly
si

s.
A

L
I 

is
 f

ur
th

er
 c

la
ss

if
ie

d 
ac

co
rd

in
g 

to
 th

e 
R

ut
he

rf
or

d 
cl

as
si

fi
ca

tio
n 

sy
st

em
 (

Ta
bl

e 
4)

.34
,3

5

A
na

to
m

ic
 le

ve
l36

A
na

to
m

ic
 s

ub
se

ts
 to

 lo
ca

liz
e 

di
se

as
e 

in
 th

e 
lo

w
er

 e
xt

re
m

ity
. P

at
ie

nt
s 

w
ith

 P
A

D
 c

an
 h

av
e 

m
ul

til
ev

el
 a

rt
er

ia
l d

is
ea

se
 a

cr
os

s 
m

ul
tip

le
 s

eg
m

en
ts

.
A

or
to

ili
ac

—
In

cl
ud

es
 in

fr
ar

en
al

 a
bd

om
in

al
 a

or
ta

, c
om

m
on

 il
ia

c,
 a

nd
 e

xt
er

na
l a

nd
 in

te
rn

al
 il

ia
c 

ar
te

ri
es

.
Fe

m
or

op
op

lit
ea

l—
In

cl
ud

es
 c

om
m

on
 f

em
or

al
, p

ro
fu

nd
a 

fe
m

or
is

, s
up

er
fi

ci
al

 f
em

or
al

, a
nd

 p
op

lit
ea

l a
rt

er
ie

s.
In

fr
ap

op
lit

ea
l—

In
cl

ud
es

 ti
bi

al
-p

er
on

ea
l t

ru
nk

, a
nt

er
io

r 
tib

ia
l a

rt
er

y,
 p

os
te

ri
or

 ti
bi

al
 a

rt
er

y,
 p

er
on

ea
l a

rt
er

y,
 p

la
nt

ar
 p

ed
al

 lo
op

, a
nd

 p
ed

al
 v

es
se

ls
 (

co
m

m
on

 p
la

nt
ar

, m
ed

ia
l 

pl
an

ta
r, 

an
d 

la
te

ra
l p

la
nt

ar
 a

rt
er

ie
s)

.

A
ng

io
so

m
e-

ba
se

d 
bl

oo
d 

fl
ow

37
U

ni
nt

er
ru

pt
ed

 a
rt

er
ia

l f
lo

w
 to

 th
e 

an
at

om
ic

 te
rr

ito
ry

 o
f 

a 
so

ur
ce

 a
rt

er
y 

in
 th

e 
sk

in
 a

nd
 d

ee
p 

tis
su

es
. I

n 
th

e 
co

nt
ex

t o
f 

PA
D

, t
he

 a
ng

io
so

m
e 

re
fe

rs
 to

 th
e 

sk
in

 r
eg

io
n 

an
d 

un
de

rl
yi

ng
 ti

ss
ue

, g
en

er
al

ly
 w

ith
 a

 w
ou

nd
, s

up
pl

ie
d 

by
 a

 s
pe

ci
fi

c 
in

fr
ap

op
lit

ea
l a

rt
er

y.
37

C
la

ud
ic

at
io

n
Fa

tig
ue

, c
ra

m
pi

ng
, a

ch
in

g,
 p

ai
n,

 o
r 

ot
he

r 
di

sc
om

fo
rt

 o
f 

va
sc

ul
ar

 o
ri

gi
n 

in
 th

e 
m

us
cl

es
 o

f 
th

e 
lo

w
er

 e
xt

re
m

iti
es

 th
at

 is
 c

on
si

st
en

tly
 in

du
ce

d 
by

 w
al

ki
ng

 a
nd

 c
on

si
st

en
tly

 
re

lie
ve

d 
by

 r
es

t (
us

ua
lly

 w
ith

in
 a

pp
ro

xi
m

at
el

y 
10

 m
in

).
 C

la
ud

ic
at

io
n 

th
at

 li
m

its
 f

un
ct

io
na

l s
ta

tu
s 

is
 k

no
w

n 
as

 f
un

ct
io

na
lly

 li
m

iti
ng

 c
la

ud
ic

at
io

n.
 C

la
ud

ic
at

io
n 

is
 r

ec
og

ni
ze

d 
as

 a
 m

an
if

es
ta

tio
n 

of
 c

hr
on

ic
 s

ym
pt

om
at

ic
 P

A
D

 (
se

e 
Se

ct
io

n 
2.

1,
 “

R
ec

og
ni

zi
ng

 C
lin

ic
al

 S
ub

se
ts

 o
f 

PA
D

”)
.

C
LT

I
A

 c
on

di
tio

n 
ch

ar
ac

te
ri

ze
d 

by
 c

hr
on

ic
 (

>
2 

w
k)

 is
ch

em
ic

 r
es

t p
ai

n,
 n

on
he

al
in

g 
w

ou
nd

s 
an

d 
ul

ce
rs

, o
r 

ga
ng

re
ne

 a
ttr

ib
ut

ab
le

 to
 o

bj
ec

tiv
el

y 
pr

ov
en

 a
rt

er
ia

l o
cc

lu
si

ve
 d

is
ea

se
.32

 

C
ur

re
nt

 n
om

en
cl

at
ur

e 
ha

s 
ev

ol
ve

d 
fr

om
 th

e 
pr

ev
io

us
 c

om
m

on
ly

 u
se

d 
te

rm
 o

f 
C

L
I 

to
 r

ef
le

ct
 th

e 
ch

ro
ni

c 
na

tu
re

 o
f 

th
is

 c
on

di
tio

n 
an

d 
its

 p
ot

en
tia

lly
 li

m
b-

th
re

at
en

in
g 

na
tu

re
 

w
ith

 a
ss

oc
ia

te
d 

ri
sk

 f
or

 a
m

pu
ta

tio
n 

an
d 

to
 d

is
tin

gu
is

h 
it 

fr
om

 A
L

I.

E
nd

ov
as

cu
la

r 
re

va
sc

ul
ar

iz
at

io
n

C
at

he
te

r-
ba

se
d 

re
va

sc
ul

ar
iz

at
io

n 
pr

oc
ed

ur
es

 e
m

pl
oy

in
g 

m
od

al
iti

es
 s

uc
h 

as
 p

er
cu

ta
ne

ou
s 

tr
an

sl
um

in
al

 (
ba

llo
on

) 
an

gi
op

la
st

y,
 d

ru
g-

co
at

ed
 b

al
lo

on
 a

ng
io

pl
as

ty
, s

te
nt

in
g 

(b
ar

e-
m

et
al

, d
ru

g-
co

at
ed

, o
r 

co
ve

re
d)

, a
nd

 a
th

er
ec

to
m

y.

Fu
nc

tio
na

l s
ta

tu
s

Pa
tie

nt
’s

 a
bi

lit
y 

to
 m

ee
t b

as
ic

 n
ee

ds
, f

ul
fi

ll 
us

ua
l r

ol
es

, a
nd

 m
ai

nt
ai

n 
he

al
th

 a
nd

 w
el

l-
be

in
g 

(a
ct

iv
iti

es
 o

f 
da

ily
 li

vi
ng

).
 W

al
ki

ng
 a

bi
lit

y/
pe

rf
or

m
an

ce
 a

nd
 m

ob
ili

ty
 a

re
 

co
m

po
ne

nt
s 

of
 f

un
ct

io
na

l s
ta

tu
s.

H
yb

ri
d 

re
va

sc
ul

ar
iz

at
io

n
A

pp
ro

ac
h 

to
 r

ev
as

cu
la

ri
za

tio
n 

th
at

 in
cl

ud
es

 e
nd

ov
as

cu
la

r 
an

d 
su

rg
ic

al
 c

om
po

ne
nt

s 
ei

th
er

 c
on

co
m

ita
nt

ly
 o

r 
in

 a
 s

ta
ge

d 
m

an
ne

r.

In
-l

in
e 

(p
ul

sa
til

e)
 b

lo
od

 
fl

ow
U

ni
nt

er
ru

pt
ed

 a
rt

er
ia

l f
lo

w
 v

ia
 n

am
ed

 in
fr

ap
op

lit
ea

l a
rt

er
ie

s 
to

 th
e 

fo
ot

.

In
fl

ow
 v

s 
ou

tf
lo

w
In

fl
ow

 r
ef

er
s 

to
 a

rt
er

ie
s 

pr
ox

im
al

 to
 th

e 
su

pe
rf

ic
ia

l f
em

or
al

 a
rt

er
y 

(a
or

to
ili

ac
, c

om
m

on
 f

em
or

al
 a

rt
er

ie
s)

. O
ut

fl
ow

 r
ef

er
s 

to
 a

rt
er

ie
s 

di
st

al
 to

 th
e 

su
pe

rf
ic

ia
l f

em
or

al
 a

rt
er

y 
(p

op
lit

ea
l a

nd
 in

fr
ap

op
lit

ea
l a

rt
er

ie
s)

.

M
A

C
E

V
ar

ia
bl

y 
de

fi
ne

d 
bu

t u
su

al
ly

 in
cl

ud
es

 d
ea

th
 (

al
l-

ca
us

e 
or

 c
ar

di
ov

as
cu

la
r)

, M
I,

 a
cu

te
 c

or
on

ar
y 

sy
nd

ro
m

e 
(a

cu
te

 M
I,

 u
ns

ta
bl

e 
an

gi
na

),
 a

nd
 s

tr
ok

e.
 M

ay
 a

ls
o 

in
cl

ud
e 

he
ar

t 
fa

ilu
re

, r
eh

os
pi

ta
liz

at
io

n 
fo

r 
ca

rd
io

va
sc

ul
ar

 c
au

se
s,

 a
nd

 o
th

er
 c

ar
di

ov
as

cu
la

r 
en

dp
oi

nt
s.

M
A

L
E

V
ar

ia
bl

y 
de

fi
ne

d 
bu

t u
su

al
ly

 in
cl

ud
es

 m
aj

or
 a

m
pu

ta
tio

n 
an

d 
en

do
va

sc
ul

ar
 o

r 
su

rg
ic

al
 lo

w
er

-e
xt

re
m

ity
 r

ev
as

cu
la

ri
za

tio
n 

(i
ni

tia
l o

r 
re

in
te

rv
en

tio
n)

. M
ay

 a
ls

o 
in

cl
ud

e 
A

L
I.

38
,3

9

M
ul

tis
pe

ci
al

ty
 c

ar
e 

te
am

 
fo

r 
PA

D
 

A
 te

am
 o

f 
pr

of
es

si
on

al
s 

re
pr

es
en

tin
g 

di
ff

er
en

t s
pe

ci
al

tie
s 

an
d 

di
sc

ip
lin

es
 to

 a
ss

is
t i

n 
th

e 
ev

al
ua

tio
n 

an
d 

m
an

ag
em

en
t o

f 
th

e 
pa

tie
nt

 w
ith

 P
A

D
 a

nd
 e

sp
ec

ia
lly

 C
LT

I.
Fo

r 
th

e 
ca

re
 o

f 
pa

tie
nt

s 
w

ith
 C

LT
I,

 th
e 

ca
re

 te
am

 s
ho

ul
d 

in
cl

ud
e 

in
di

vi
du

al
s 

w
ho

 a
re

 s
ki

lle
d 

in
 e

nd
ov

as
cu

la
r 

re
va

sc
ul

ar
iz

at
io

n,
 s

ur
gi

ca
l r

ev
as

cu
la

ri
za

tio
n,

 w
ou

nd
-h

ea
lin

g 
th

er
ap

ie
s 

an
d 

fo
ot

 s
ur

ge
ry

, a
nd

 m
ed

ic
al

 e
va

lu
at

io
n 

an
d 

ca
re

.
Ta

bl
e 

15
 in

cl
ud

es
 th

e 
lis

t o
f 

m
ul

tis
pe

ci
al

ty
 c

ar
e 

te
am

 m
em

be
rs

.
Pa

tie
nt

s 
an

d 
fa

m
ily

 m
em

be
rs

 c
ol

la
bo

ra
te

 w
ith

 th
e 

m
ul

tis
pe

ci
al

ty
 c

ar
e 

te
am

 f
or

 m
an

ag
em

en
t o

f 
C

LT
I.

R
eg

io
ns

 o
f 

th
e 

fo
ot

 
Fo

re
fo

ot
—

E
xt

en
ds

 f
ro

m
 th

e 
ta

rs
om

et
at

ar
sa

l j
oi

nt
 a

nd
 in

co
rp

or
at

es
 th

e 
ph

al
an

ge
s,

 m
et

at
ar

sa
l, 

an
d 

se
sa

m
oi

d 
bo

ne
s.

M
id

fo
ot

—
B

eg
in

s 
at

 th
e 

tr
an

sv
er

se
 ta

rs
al

 jo
in

t a
nd

 e
xt

en
ds

 to
 th

e 
ta

rs
om

et
at

ar
sa

l j
oi

nt
, i

nc
or

po
ra

tin
g 

th
e 

na
vi

cu
la

r, 
cu

bo
id

, a
nd

 c
un

ei
fo

rm
 b

on
es

.
H

in
df

oo
t—

B
eg

in
s 

at
 th

e 
an

kl
e 

jo
in

t a
nd

 e
nd

s 
at

 th
e 

tr
an

sv
er

se
 ta

rs
al

 jo
in

t, 
in

co
rp

or
at

in
g 

th
e 

ca
lc

an
eu

s 
an

d 
ta

lu
s 

bo
ne

s.

St
ru

ct
ur

ed
 c

om
m

un
ity

-
ba

se
d 

ex
er

ci
se

 p
ro

gr
am

A
 s

tr
uc

tu
re

d 
ex

er
ci

se
 p

ro
gr

am
 th

at
 ta

ke
s 

pl
ac

e 
in

 th
e 

pe
rs

on
al

 s
et

tin
g 

of
 th

e 
pa

tie
nt

 (
eg

, h
om

e,
 s

ur
ro

un
di

ng
 n

ei
gh

bo
rh

oo
d,

 f
itn

es
s 

fa
ci

lit
y)

. T
he

 p
ro

gr
am

 is
 s

el
f-

di
re

ct
ed

 w
ith

 
as

-n
ee

de
d 

gu
id

an
ce

 o
f 

he
al

th
 c

ar
e 

pr
of

es
si

on
al

s 
w

ho
 p

re
sc

ri
be

 a
 s

tr
uc

tu
re

d 
ex

er
ci

se
 r

eg
im

en
 s

im
ila

r 
to

 th
at

 p
er

fo
rm

ed
 in

 a
 s

up
er

vi
se

d 
pr

og
ra

m
 s

et
tin

g.
 C

om
m

un
ity

-b
as

ed
 

Circulation. Author manuscript; available in PMC 2026 January 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

et al. Page 165

Te
rm

D
ef

in
it

io
n

pr
og

ra
m

s 
m

ay
 in

co
rp

or
at

e 
be

ha
vi

or
al

 c
ha

ng
e 

te
ch

ni
qu

es
, d

el
iv

er
ed

 b
y 

in
-p

er
so

n 
or

 v
ir

tu
al

 h
ea

lth
 c

oa
ch

in
g 

or
 th

e 
us

e 
of

 a
ct

iv
ity

 m
on

ito
rs

. T
ab

le
 1

4 
pr

ov
id

es
 m

or
e 

de
ta

il 
re

ga
rd

in
g 

th
is

 f
or

m
 o

f 
st

ru
ct

ur
ed

 e
xe

rc
is

e.

St
ru

ct
ur

ed
 e

xe
rc

is
e 

pr
og

ra
m

A
n 

ex
er

ci
se

 p
ro

gr
am

 p
la

nn
ed

 b
y 

a 
qu

al
if

ie
d 

he
al

th
 c

ar
e 

pr
of

es
si

on
al

 th
at

 p
ro

vi
de

s 
re

co
m

m
en

da
tio

ns
 f

or
 e

xe
rc

is
e 

tr
ai

ni
ng

 w
ith

 a
 g

oa
l o

f 
im

pr
ov

in
g 

fu
nc

tio
na

l s
ta

tu
s 

ov
er

 
tim

e.
 T

he
 p

ro
gr

am
 p

ro
vi

de
s 

in
di

vi
du

al
iz

ed
 r

ec
om

m
en

da
tio

ns
 f

or
 f

re
qu

en
cy

, i
nt

en
si

ty
, t

im
e,

 a
nd

 ty
pe

 o
f 

ex
er

ci
se

.

Su
pe

rv
is

ed
 e

xe
rc

is
e 

th
er

ap
y

A
 s

up
er

vi
se

d,
 s

tr
uc

tu
re

d 
ex

er
ci

se
 p

ro
gr

am
 th

at
 ta

ke
s 

pl
ac

e 
in

 a
 h

os
pi

ta
l o

r 
ou

tp
at

ie
nt

 f
ac

ili
ty

 th
at

 is
 d

ir
ec

tly
 s

up
er

vi
se

d 
by

 a
 p

hy
si

ci
an

 o
r 

ad
va

nc
ed

 p
ra

ct
ic

e 
pr

ov
id

er
 a

nd
 

m
os

t o
ft

en
 im

pl
em

en
te

d 
by

 a
 c

lin
ic

al
 e

xe
rc

is
e 

ph
ys

io
lo

gi
st

 o
r 

nu
rs

e.
 T

ab
le

 1
4 

in
cl

ud
es

 m
or

e 
de

ta
il 

re
ga

rd
in

g 
th

is
 f

or
m

 o
f 

st
ru

ct
ur

ed
 e

xe
rc

is
e.

Su
rg

ic
al

 r
ev

as
cu

la
ri

za
tio

n
Su

rg
ic

al
 p

ro
ce

du
re

s 
th

at
 m

ay
 in

vo
lv

e 
en

da
rt

er
ec

to
m

y 
to

 r
em

ov
e 

pl
aq

ue
, t

hr
om

be
ct

om
y,

 o
r 

by
pa

ss
 s

ur
ge

ry
 to

 r
ec

on
st

ru
ct

 a
rt

er
ia

l b
lo

od
 f

lo
w

.

T
hr

om
bo

ly
si

s
A

dm
in

is
tr

at
io

n 
of

 th
ro

m
bo

ly
tic

 a
ge

nt
s,

 g
en

er
al

ly
 th

ro
ug

h 
a 

ca
th

et
er

 p
la

ce
d 

di
re

ct
ly

 w
ith

in
 a

n 
ar

ea
 o

f 
th

ro
m

bu
s 

in
 a

n 
ar

te
ry

.

T
is

su
e 

lo
ss

 
M

in
or

—
N

on
he

al
in

g 
ul

ce
r, 

fo
ca

l g
an

gr
en

e.
M

aj
or

—
T

is
su

e 
lo

ss
 e

xt
en

di
ng

 a
bo

ve
 th

e 
tr

an
sm

et
at

ar
sa

l l
ev

el
; f

un
ct

io
na

l f
oo

t n
o 

lo
ng

er
 s

al
va

ge
ab

le
.34

W
If

I
 

A
 c

lin
ic

al
 s

ta
gi

ng
 s

ys
te

m
 f

or
 p

at
ie

nt
s 

w
ith

 C
LT

I 
th

at
 in

co
rp

or
at

es
 th

e 
w

ou
nd

 e
xt

en
t, 

de
gr

ee
 o

f 
is

ch
em

ia
, a

nd
 s

ev
er

ity
 o

f 
fo

ot
 in

fe
ct

io
n.

15

W
If

I 
cl

as
s 

co
rr

el
at

es
 w

ith
 C

LT
I 

ou
tc

om
es

, i
nc

lu
di

ng
 ti

m
e 

to
 w

ou
nd

 h
ea

lin
g,

 a
m

pu
ta

tio
n 

ra
te

, a
nd

 a
m

pu
ta

tio
n-

fr
ee

 s
ur

vi
va

l.40
–4

3

A
L

I 
in

di
ca

te
s 

ac
ut

e 
lim

b 
is

ch
em

ia
; C

LT
I,

 c
hr

on
ic

 li
m

b-
th

re
at

en
in

g 
is

ch
em

ia
; M

A
C

E
, m

aj
or

 a
dv

er
se

 c
ar

di
ov

as
cu

la
r 

ev
en

ts
; M

A
L

E
, m

aj
or

 a
dv

er
se

 li
m

b 
ev

en
ts

; M
I,

 m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 P

A
D

, p
er

ip
he

ra
l 

ar
te

ry
 d

is
ea

se
; a

nd
 W

If
I,

 w
ou

nd
, i

sc
he

m
ia

, f
oo

t i
nf

ec
tio

n.

Circulation. Author manuscript; available in PMC 2026 January 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

et al. Page 166

Ta
b

le
 3

.
A

pp
ly

in
g 

A
m

er
ic

an
 C

ol
le

ge
 o

f 
C

ar
di

ol
og

y/
A

m
er

ic
an

 H
ea

rt
 A

ss
oc

ia
tio

n 
C

la
ss

 o
f 

R
ec

om
m

en
da

tio
n 

an
d 

L
ev

el
 o

f 
E

vi
de

nc
e 

to
 C

lin
ic

al
 S

tr
at

eg
ie

s,
 

In
te

rv
en

tio
ns

, T
re

at
m

en
ts

, o
r 

D
ia

gn
os

tic
 T

es
tin

g 
in

 P
at

ie
nt

 C
ar

e*
 (

U
pd

at
ed

 M
ay

 2
01

9)

Circulation. Author manuscript; available in PMC 2026 January 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

et al. Page 167

Ta
b

le
 4

.
C

lin
ic

al
 S

ub
se

ts
 o

f 
Pa

tie
nt

s 
W

ith
 P

A
D

C
lin

ic
al

 S
ub

se
t

D
es

cr
ip

ti
on

/C
ha

ra
ct

er
iz

at
io

n

A
sy

m
pt

om
at

ic
 

PA
D

 (
m

ay
 h

av
e 

fu
nc

tio
na

l 
im

pa
ir

m
en

t)

D
ep

en
di

ng
 o

n 
th

e 
po

pu
la

tio
n 

as
se

ss
ed

 a
nd

 m
et

ho
d 

of
 a

ss
es

sm
en

t, 
20

%
−

59
%

1–
4  

of
 p

at
ie

nt
s 

w
ith

 o
bj

ec
tiv

el
y 

pr
ov

en
 P

A
D

 r
ep

or
t n

o 
le

g 
sy

m
pt

om
s.

Pa
tie

nt
s 

cl
as

si
fi

ed
 a

s 
ha

vi
ng

 a
sy

m
pt

om
at

ic
 P

A
D

 m
ay

 s
el

f-
lim

it 
an

d 
ad

ap
t t

he
ir

 a
ct

iv
ity

 to
 r

em
ai

n 
be

lo
w

 th
ei

r 
is

ch
em

ic
 th

re
sh

ol
d 

to
 a

vo
id

 le
g 

pa
in

.
A

 s
ig

ni
fi

ca
nt

 p
er

ce
nt

ag
e 

of
 p

at
ie

nt
s 

w
ith

 a
sy

m
pt

om
at

ic
 P

A
D

 w
ho

 r
ep

or
t n

o 
ex

er
tio

na
l l

eg
 s

ym
pt

om
s 

de
ve

lo
p 

sy
m

pt
om

s 
du

ri
ng

 a
n 

ob
je

ct
iv

e 
w

al
ki

ng
 te

st
.5

T
he

 p
re

va
le

nc
e 

of
 a

sy
m

pt
om

at
ic

 P
A

D
 v

ar
ie

s 
de

pe
nd

in
g 

on
 w

he
th

er
 p

at
ie

nt
s 

ar
e 

re
cr

ui
te

d 
fr

om
 a

 p
ri

m
ar

y 
ca

re
 o

r 
co

m
m

un
ity

 s
et

tin
g 

(l
ow

er
 %

) 
vs

 a
 v

as
cu

la
r 

la
bo

ra
to

ry
 (

hi
gh

er
 

%
).

3

Pa
tie

nt
s 

w
ith

 P
A

D
 w

ho
 a

re
 a

sy
m

pt
om

at
ic

 h
av

e 
fu

nc
tio

na
l i

m
pa

ir
m

en
t c

om
pa

ra
bl

e 
to

 p
at

ie
nt

s 
w

ith
 c

la
ud

ic
at

io
n.

1,
6,

7

A
ss

oc
ia

te
d 

w
ith

 in
cr

ea
se

d 
ri

sk
 o

f 
M

A
C

E
, i

nc
lu

di
ng

 m
or

ta
lit

y.
8,

9

C
hr

on
ic

 
sy

m
pt

om
at

ic
 P

A
D

 
(i

nc
lu

de
s 

cl
au

di
ca

tio
n 

an
d 

ot
he

r 
is

ch
em

ia
-

re
la

te
d 

ex
er

tio
na

l 
le

g 
sy

m
pt

om
s)

M
os

t c
om

m
on

 c
lin

ic
al

ly
 e

vi
de

nt
 s

ub
se

t o
f 

PA
D

; p
at

ie
nt

s 
re

po
rt

 c
la

ud
ic

at
io

n 
or

 o
th

er
 n

on
jo

in
t-

re
la

te
d 

ex
er

tio
na

l l
eg

 s
ym

pt
om

s 
th

at
 c

an
 li

m
it 

w
al

ki
ng

 p
er

fo
rm

an
ce

.
E

xe
rt

io
na

l l
eg

 s
ym

pt
om

s 
(t

yp
ic

al
 c

la
ud

ic
at

io
n 

or
 o

th
er

) 
re

po
rt

ed
 in

 u
p 

to
 8

0%
 o

f 
pa

tie
nt

s 
w

ith
 o

bj
ec

tiv
el

y 
pr

ov
en

 P
A

D
, d

ep
en

di
ng

 o
n 

ca
se

 s
er

ie
s.

1–
3

In
cl

ud
es

 is
ch

em
ia

-r
el

at
ed

 e
xe

rt
io

na
l l

eg
 s

ym
pt

om
s,

 n
ot

 p
re

se
nt

 a
t r

es
t, 

ge
ne

ra
lly

 in
cr

ea
si

ng
 w

ith
 p

ro
gr

es
si

ve
 e

xe
rc

is
e 

in
te

ns
ity

 a
nd

 q
ui

ck
ly

 r
el

ie
ve

d 
by

 r
es

t (
w

ith
in

 1
0 

m
in

).
10

Ty
pi

ca
l c

la
ud

ic
at

io
n 

sy
m

pt
om

s 
m

ay
 b

e 
de

sc
ri

be
d 

as
 a

 p
ai

n,
 a

ch
in

g,
 c

ra
m

pi
ng

, o
r 

tir
ed

/f
at

ig
ue

d 
fe

el
in

g 
lo

ca
te

d 
in

 th
e 

bu
tto

ck
s,

 th
ig

h,
 c

al
f,

 o
r 

fo
ot

 th
at

 o
cc

ur
s 

co
ns

is
te

nt
ly

 d
ur

in
g 

w
al

ki
ng

, d
oe

s 
no

t s
ta

rt
 a

t r
es

t, 
do

es
 n

ot
 im

pr
ov

e 
du

ri
ng

 w
al

ki
ng

, a
nd

 is
 u

su
al

ly
 r

el
ie

ve
d 

w
ith

in
 a

pp
ro

xi
m

at
el

y 
10

 m
in

 o
f 

re
st

.1–
3,

11
 L

eg
 s

ym
pt

om
 d

es
cr

ip
to

rs
 a

ls
o 

in
cl

ud
e 

tin
gl

in
g,

 
nu

m
bn

es
s,

 b
ur

ni
ng

, t
hr

ob
bi

ng
, o

r 
sh

oo
tin

g.
12

–1
5

Fo
r 

so
m

e 
pa

tie
nt

s,
 e

xe
rt

io
na

l l
eg

 s
ym

pt
om

s 
du

e 
to

 P
A

D
 a

re
 n

ot
 ty

pi
ca

l o
f 

cl
au

di
ca

tio
n 

be
ca

us
e 

th
ey

 m
ay

 n
ot

 li
m

it 
w

al
ki

ng
 o

r 
m

ay
 ta

ke
 >

10
 m

in
 to

 r
es

ol
ve

 a
ft

er
 r

es
t.11

C
hr

on
ic

 s
ym

pt
om

at
ic

 P
A

D
 is

 a
ss

oc
ia

te
d 

w
ith

 s
ig

ni
fi

ca
nt

 f
un

ct
io

na
l (

w
al

ki
ng

) 
im

pa
ir

m
en

t, 
re

ga
rd

le
ss

 o
f 

w
he

th
er

 s
ym

pt
om

s 
ar

e 
ty

pi
ca

l o
f 

cl
au

di
ca

tio
n.

1,
6,

7

C
LT

I
Se

ve
re

 c
lin

ic
al

 s
ub

se
t o

f 
PA

D
.

A
m

on
g 

pa
tie

nt
s 

w
ith

 k
no

w
n 

PA
D

, i
nc

id
en

ce
 o

f 
C

LT
I 

es
tim

at
ed

 to
 b

e 
be

tw
ee

n 
11

%
 a

nd
 2

0%
.16

–1
8

M
an

if
es

ts
 a

s 
is

ch
em

ic
 r

es
t p

ai
n,

 n
on

he
al

in
g 

w
ou

nd
s/

ul
ce

rs
, o

r 
ga

ng
re

ne
 w

ith
 s

ym
pt

om
s 

pr
es

en
t f

or
 >

2 
w

k.
19

R
es

po
ns

ib
le

 f
or

 m
os

t m
aj

or
 a

nd
 m

in
or

 li
m

b 
am

pu
ta

tio
ns

 r
el

at
ed

 to
 P

A
D

.16
,1

7

H
is

to
ri

ca
lly

 e
st

im
at

ed
 1

-y
 m

or
ta

lit
y 

ra
te

 o
f 

25
%

−
35

%
 a

nd
 1

-y
 r

at
e 

of
 a

m
pu

ta
tio

n 
up

 to
 3

0%
 a

m
on

g 
pa

tie
nt

s 
pr

es
en

tin
g 

w
ith

 C
LT

I.
20

,2
1

L
ow

er
 r

at
es

 o
f 

m
or

ta
lit

y 
an

d 
am

pu
ta

tio
n 

re
po

rt
ed

 in
 a

 r
ec

en
t R

C
T

 o
f 

pa
tie

nt
s 

w
ith

 C
LT

I 
un

de
rg

oi
ng

 r
ev

as
cu

la
ri

za
tio

n.
22

Is
ch

em
ic

 r
es

t p
ai

n 
of

te
n 

af
fe

ct
s 

th
e 

fo
re

fo
ot

 a
nd

 is
 w

or
se

ne
d 

w
ith

 li
m

b 
el

ev
at

io
n 

an
d 

re
lie

ve
d 

by
 d

ep
en

de
nc

y.
A

m
on

g 
va

sc
ul

ar
 s

pe
ci

al
is

ts
, t

he
 F

on
ta

in
e23

 a
nd

 R
ut

he
rf

or
d24

 c
la

ss
if

ic
at

io
n 

sy
st

em
s 

ar
e 

m
os

t c
om

m
on

ly
 u

se
d 

to
 c

at
eg

or
iz

e 
se

ve
ri

ty
 o

f 
C

LT
I.

T
he

 W
If

I 
cl

as
si

fi
ca

tio
n 

es
tim

at
es

 r
is

k 
of

 lo
w

er
 e

xt
re

m
ity

 a
m

pu
ta

tio
n 

ac
co

rd
in

g 
to

 w
ou

nd
 e

xt
en

t, 
se

ve
ri

ty
 o

f 
is

ch
em

ia
, a

nd
 p

re
se

nc
e 

of
 f

oo
t i

nf
ec

tio
n 

an
d 

ha
s 

be
en

 s
ho

w
n 

to
 

co
rr

el
at

e 
w

ith
 c

lin
ic

al
 o

ut
co

m
es

.19
,2

5–
28

A
L

I
Se

ve
re

 c
lin

ic
al

 s
ub

se
t o

f 
PA

D
.

In
 a

 c
on

te
m

po
ra

ry
 R

C
T

 o
f 

pa
tie

nt
s 

w
ith

 s
ym

pt
om

at
ic

 P
A

D
 w

ho
 w

er
e 

ob
se

rv
ed

 f
or

 a
 m

ea
n 

of
 3

0 
m

o,
 th

e 
in

ci
de

nc
e 

of
 A

L
I 

w
as

 1
.7

%
, o

r 
0.

8/
10

0 
pa

tie
nt

-y
.29

 P
re

vi
ou

s 
lo

w
er

 
ex

tr
em

ity
 r

ev
as

cu
la

ri
za

tio
n,

 a
tr

ia
l f

ib
ri

lla
tio

n,
 lo

w
er

 A
B

I 
va

lu
es

 a
ss

oc
ia

te
d 

w
ith

 in
cr

ea
se

d 
ri

sk
 o

f 
A

L
I 

in
 th

is
 p

op
ul

at
io

n.
Su

dd
en

 d
ec

re
as

e 
in

 a
rt

er
ia

l p
er

fu
si

on
 o

f 
th

e 
le

g 
th

at
 th

re
at

en
s 

th
e 

vi
ab

ili
ty

 o
f 

th
e 

lim
b.

A
cu

te
 c

lin
ic

al
 s

ym
pt

om
s 

(<
2 

w
k 

du
ra

tio
n)

 in
cl

ud
e 

pa
in

, p
al

lo
r, 

pu
ls

el
es

sn
es

s,
 p

oi
ki

lo
th

er
m

ia
 (

co
ol

ne
ss

),
 p

ar
es

th
es

ia
s,

 a
nd

 p
ot

en
tia

l f
or

 p
ar

al
ys

is
.20

,2
4,

30

C
au

se
s 

of
 A

L
I 

in
cl

ud
e 

em
bo

lis
m

, t
hr

om
bo

si
s 

w
ith

in
 n

at
iv

e 
ar

te
ry

 o
r 

at
 s

ite
 o

f 
pr

ev
io

us
 r

ev
as

cu
la

ri
za

tio
n 

(g
ra

ft
 o

r 
st

en
t)

, t
ra

um
a,

 p
er

ip
he

ra
l a

ne
ur

ys
m

 w
ith

 d
is

ta
l e

m
bo

liz
at

io
n,

 o
r 

th
ro

m
bo

si
s 

(T
ab

le
 2

0)
.

T
im

in
g 

of
 p

re
se

nt
at

io
n 

m
ay

 v
ar

y 
de

pe
nd

in
g 

on
 th

e 
un

de
rl

yi
ng

 e
tio

lo
gy

.20

T
he

 s
ta

tu
s 

of
 th

e 
le

g 
in

 A
L

I 
is

 f
ur

th
er

 c
la

ss
if

ie
d 

ac
co

rd
in

g 
to

 th
e 

R
ut

he
rf

or
d 

cl
as

si
fi

ca
tio

n 
sy

st
em

.20
,2

4,
30

C
la

ss
 I

. V
ia

bl
e 

(l
im

b 
no

t i
m

m
ed

ia
te

ly
 th

re
at

en
ed

)—
N

o 
se

ns
or

y 
lo

ss
; n

o 
m

ot
or

 lo
ss

; a
ud

ib
le

 a
rt

er
ia

l a
nd

 v
en

ou
s 

D
op

pl
er

 s
ig

na
ls

.
C

la
ss

 I
Ia

. S
al

va
ge

ab
le

/m
ar

gi
na

lly
 th

re
at

en
ed

 (
lim

b 
sa

lv
ag

ea
bl

e 
if

 p
ro

m
pt

ly
 tr

ea
te

d)
—

M
ild

-t
o-

m
od

er
at

e 
se

ns
or

y 
lo

ss
 (

lim
ite

d 
to

 to
es

) 
bu

t n
o 

m
ot

or
 lo

ss
, o

ft
en

 in
au

di
bl

e 
ar

te
ri

al
 

D
op

pl
er

 b
ut

 a
ud

ib
le

 v
en

ou
s 

D
op

pl
er

 s
ig

na
ls

.
C

la
ss

 I
Ib

. S
al

va
ge

ab
le

/im
m

ed
ia

te
ly

 th
re

at
en

ed
 (

lim
b 

sa
lv

ag
ea

bl
e 

if
 u

rg
en

tly
 tr

ea
te

d)
—

Se
ns

or
y 

lo
ss

 in
vo

lv
in

g 
m

or
e 

th
an

 th
e 

to
es

; m
ild

m
od

er
at

e 
m

ot
or

 w
ea

kn
es

s.
 I

na
ud

ib
le

 a
rt

er
ia

l 
bu

t a
ud

ib
le

 v
en

ou
s 

D
op

pl
er

 s
ig

na
ls

.
C

la
ss

 I
II

. I
rr

ev
er

si
bl

e 
(m

aj
or

 ti
ss

ue
 lo

ss
 o

r 
pe

rm
an

en
t n

er
ve

 d
am

ag
e 

in
ev

ita
bl

e)
—

C
om

pl
et

e 
se

ns
or

y 
lo

ss
 (

an
es

th
et

ic
);

 c
om

pl
et

e 
lo

ss
 o

f 
m

ot
or

 f
un

ct
io

n 
(p

ar
al

ys
is

);
 in

au
di

bl
e 

ar
te

ri
al

 a
nd

 v
en

ou
s 

D
op

pl
er

 s
ig

na
ls

.

A
L

I 
in

di
ca

te
s 

ac
ut

e 
lim

b 
is

ch
em

ia
; C

LT
I,

 c
hr

on
ic

 li
m

b-
th

re
at

en
in

g 
is

ch
em

ia
; P

A
D

, p
er

ip
he

ra
l a

rt
er

y 
di

se
as

e;
 R

C
T,

 r
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l; 
an

d 
W

If
I,

 w
ou

nd
, i

sc
he

m
ia

, a
nd

 f
oo

t i
nf

ec
tio

n.

Circulation. Author manuscript; available in PMC 2026 January 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

et al. Page 168

Table 5.
Patients at Increased Risk for PAD

Age ≥65 y

Age 50–64 y, with risk factors for atherosclerosis (eg, diabetes, history of smoking, dyslipidemia, hypertension), chronic kidney disease, or 
family history of PAD13

Age <50 y, with diabetes and 1 additional risk factor for atherosclerosis

Individuals with known atherosclerotic disease in another vascular bed (eg, coronary, carotid, subclavian, renal, mesenteric artery stenosis, or 
AAA)

Modified with permission from Gerhard-Herman et al.14 Copyright 2017 American Heart Association, Inc., and American College of Cardiology 
Foundation.

AAA indicates abdominal aortic aneurysm; and PAD, peripheral artery disease.
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Table 6.
History and Physical Examination Findings Suggestive of PAD

History

Claudication
Pain type: Aching, burning, cramping, discomfort, or fatigue
Location: Buttock, thigh, calf, or ankle
Onset/offset: Distance, exercise, uphill, how long for relief after rest (typically <10 min for typical claudication)

Other nonjoint-related exertional lower extremity symptoms (not typical of claudication) or symptoms of impaired walking function
Lower extremity muscular discomfort associated with walking that requires >10 min rest to resolve
Leg weakness, numbness, or fatigue during walking without pain

Ischemic rest pain

History of nonhealing or slow-healing lower extremity wound

Erectile dysfunction

Physical Examination

Abnormal lower extremity pulse palpation (femoral, popliteal, dorsalis pedis, or posterior tibial arteries)

Vascular bruit (eg, epigastric, periumbilical, groin)

Nonhealing lower extremity wound

Lower extremity gangrene

Other physical findings suggestive of ischemia (eg, asymmetric hair growth, nail bed changes, calf muscle atrophy, or elevation pallor/
dependent rubor)

Modified with permission from Gerhard-Herman et al.14 Copyright 2017 American Heart Association, Inc., and American College of Cardiology 
Foundation.

PAD indicates peripheral artery disease.
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Table 12.

Risk Factors for Development of Foot Ulcers or Amputation Among Patients With PAD17,21

History of previous foot ulcer(s) or amputation (minor or major)

Charcot or other foot deformities

Diabetes with poor glycemic control

CKD (especially if ESKD)

Peripheral neuropathy (especially with loss of protective sensation)

Corns or calluses on the feet (considered preulcerous lesions in patients with PAD)

Ongoing smoking

CKD indicates chronic kidney disease; ESKD, end-stage kidney disease; and PAD, peripheral artery disease.
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Table 13.

Components of a Comprehensive Foot Evaluation for Patients With PAD17,21

History

Previous foot ulcer(s) or CLTI, amputation, Charcot deformity, calluses

Current symptoms of PAD or CLTI: claudication or other leg fatigue with walking, rest pain, foot ulcers

Lower extremity revascularization (endovascular or surgical procedures)

Cigarette or other tobacco use (current, past)

Diabetes

Retinopathy or visual impairment

CKD

Symptoms of neuropathy (eg, pain, burning, numbness in feet)

History of other CVD (eg, CAD, heart failure, cerebrovascular disease)

Physical examination

Evaluate skin integrity, including presence of any ulcers, calluses, or corns. Visual inspection includes the whole foot and in between all toes

Examine for foot deformity (eg, bunion, hammertoe or claw toe, abnormal foot arch, Charcot deformity)

Perform neurological assessment: 10-g monofilament testing with at least 1 other measurement: pinprick, temperature, or vibration

Evaluate (palpate) pulses in the legs and feet

Other assessments

Footwear: Is it ill-fitting, inadequate, or is there lack of footwear?

Does patient have poor foot hygiene (eg, improperly cut toenails, unwashed feet, superficial fungal infection, or unclean socks)?

Does the patient have physical limitations that may hinder foot self-care (eg, visual impairment, obesity, inability to reach feet)?

Does the patient know the components of and perform self-foot care?

Modified with permission from Armstrong et al17 and Schaper et al.21

CAD indicates coronary artery disease; CKD, chronic kidney disease; CLTI, chronic limb-threatening ischemia; CVD, cardiovascular disease, and 
PAD, peripheral artery disease.
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Table 15.
Multispecialty Care Team for PAD

A team of professionals representing different specialties and disciplines to assist in the evaluation and management of the patient with PAD. 
For the care of patients who also have CLTI, the team should include individuals who are skilled in endovascular revascularization, surgical 
revascularization, wound-healing therapies and foot surgery, and medical evaluation and care.

Interdisciplinary care team members may include:

 Vascular medical and surgical specialists (ie, vascular medicine, vascular surgery, vascular interventional radiology, interventional 
cardiology)

 Advance practice provider–nurse practitioners/physician assistants

 Nurses

 Podiatrists, orthopedic surgeons, or both

 Wound care specialists

 Endocrinologists

 Internal medicine specialists

 Infectious disease specialists

 Diagnostic radiologists and other vascular imaging specialists

 Pharmacists

 Physical medicine and rehabilitation clinicians

 Social workers

 Clinical exercise physiologists

 Physical and occupational therapists

 Nutritionists and dieticians

Patients and family members (collaborate with multispecialty care team)

Modified with permission from Gerhard-Herman et al.5 Copyright 2017 American Heart Association, Inc., and American College of Cardiology 
Foundation.

CLTI indicates chronic limb-threatening ischemia; and PAD, peripheral artery disease.
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Table 17.
Components of Wound Care for Patients With CLTI

Revascularization for adequate perfusion (see Section 10.2, “Revascularization for CLTI”)

Debridement of nonviable tissue

Management of infection, inflammation, or both

Pressure offloading, when appropriate (see Section 10.3.1, “Pressure Offloading for CLTI”)

Maintaining conducive wound-healing environment (ie, local wound care, dressings) (see Section 10.3.2, “Wound Care and Management of 
Infection for CLTI”)

Pain control

Medical optimization of host factors (eg, smoking cessation, glycemic control) (see Section 5, “Medical Therapy and Preventive Foot Care for 
Patients with PAD”)

Optimization of tissue growth

Control of edema

CLTI indicates chronic limb-threatening ischemia; PAD, peripheral artery disease.
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Table 19.
Major Factors Influencing QOL Among Amputees

Patient factors

 Higher QOL

  Walking with prosthesis

  Above knee (versus below knee) amputation

  Female sex (especially if age <60 y)

  Living at home

 Lower QOL

  Age >65 y

  Presence of diabetes

  Isolation (being homebound)

Professional-controlled factors

 Timing of amputation

 Informed decision-making

 Postamputation support

Data derived from Davie-Smith et al10 and Suckow et al.9 Reprinted with permission from Creager et al.8 Copyright 2021 American Heart 
Association, Inc.

QOL indicates quality of life.
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Table 20.

Underlying Causes of ALI1,4–6,9–18

Underlying PAD with acute thrombosis

 Thrombosis at sites of arterial stenosis
Artery to artery embolization
Thrombosis of previous bypass grafts
Arterial stent thrombosis

Cardiac embolization

 Atrial fibrillation (ie, left atrial/appendage thrombus)
Other intracardiac thrombus (eg, left ventricular thrombus due to 
cardiomyopathy)
Infective endocarditis
Valvular heart disease (eg, mitral stenosis)
Intracardiac shunt including paradoxical embolization across a patent foramen 
ovale

Iatrogenic/access site-related thrombosis (eg, postfemoral access for catheterization)

Aortic or arterial dissection

Arterial trauma

Arterial aneurysm-related thromboembolism (eg, popliteal artery)

Hypercoagulable states

 Antiphospholipid antibody syndrome
Heparin-induced thrombocytopenia
Cancer-associated arterial thrombosis
Others

Cancer therapy-associated thrombosis

 Platinum-based chemotherapy
Tyrosine kinase inhibitors
Others

Other systemic proinflammatory states

 Vasculitis
Sepsis
Viral illness, including COVID-19
Other infectious processes

Popliteal artery entrapment syndrome

ALI indicates acute limb ischemia; COVID-19, coronavirus disease-2019; and PAD, peripheral artery disease.
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