1102 ‘8T AInr uo 1s9nb Aq /610°s[eulnofeye a419//:d1ny wioly papeojumoq

ACC/AHA Practice Guidelines

ACC/AHA 2005 Practice Guidelines for the Management of
Patients With Peripheral Arterial Disease (Lower Extremity,

Renal, Mesenteric, and Abdominal Aortic)

A Collaborative Report from the American Association for Vascular
Surgery/Society for Vascular Surgery,* Society for Cardiovascular Angiography
and Interventions, Society for Vascular Medicine and Biology, Society of
Interventional Radiology, and the ACC/AHA Task Force on Practice Guidelines
(Writing Committee to Develop Guidelines for the Management of
Patients With Peripheral Arterial Disease)

Endorsed by the American Association of Cardiovascular and Pulmonary Rehabilitation;
National Heart, Lung, and Blood Institute; Society for Vascular Nursing; TransAtlantic
Inter-Society Consensus; and Vascular Disease Foundation

WRITING COMMITTEE MEMBERS
Alan T. Hirsch, MD, FACC, FAHA, Chair; Ziv J. Haskal, MD, FAHA, FSIR, Co-Chair;
Norman R. Hertzer, MD, FACS, Co-Chair; Curtis W. Bakal, MD, MPH, FAHA, FSIR;
Mark A. Creager, MD, FACC, FAHA; Jonathan L. Halperin, MD, FACC, FAHAT;

Loren F. Hiratzka, MD, FACC, FAHA, FACS; William R.C. Murphy, MD, FACC, FACS;
Jeffrey W. Olin, DO, FACC; Jules B. Puschett, MD, FAHA; Kenneth A. Rosenfield, MD, FACC;
David Sacks, MD, FACR, FSIR:; James C. Stanley, MD, FACSS; Lloyd M. Taylor, Jr, MD, FACSS;
Christopher J. White, MD, FACC, FAHA, FESC, FSCAI{j; John White, MD, FACSS;
Rodney A. White, MD, FACS§

TASK FORCE MEMBERS
Elliott M. Antman, MD, FACC, FAHA, Chair; Sidney C. Smith, Jr, MD, FACC, FAHA, Vice-Chair;
Cynthia D. Adams, MSN, APRN-BC, FAHA; Jeffrey L. Anderson, MD, FACC, FAHA;
David P. Faxon, MD, FACC, FAHA**; Valentin Fuster, MD, PhD, FACC, FAHA, FESC**
Raymond J. Gibbons, MD, FACC, FAHA7; Jonathan L. Halperin, MD, FACC, FAHA;
Loren F. Hiratzka, MD, FACC, FAHA, ACS**; Sharon A. Hunt, MD, FACC, FAHA;
Alice K. Jacobs, MD, FACC, FAHA; Rick Nishimura, MD, FACC, FAHA;
Joseph P. Ormato, MD, FACC, FAHA; Richard L. Page, MD, FACC, FAHA,;
Barbara Riegel, DNSc, RN, FAHA

TABLE OF CONTENTS 2.4.4. Acute Limb Ischemia ................. e487

1. INTRODUCTION. ...t ¢465 24.5. Prior Limb Arterial Revascularization. . e489

11 Preamble .......oo.oueeieeeeieieee i €465 2.5. Diagnostic Methods ... e490
1.2. Definitions .........ovuiiiiiiii i, e466 2.5.1. Ankle- and Toe-Brachial Indices,

1.3. Vascular History and Physical Examination... 470 Segmental Pressure Examination....... e491

2. LOWER EXTREMITY PAD...................... e471 2.5.2. Pulse Volume Recording .............. ed97

1. Epidemiol 471 2.5.3. Continuous-Wave Doppler Ultrasound ... e498

1. Epidemiology ...........coiiiiiiiat e

2.5.4. Treadmill Exercise Testing With and

%}é llirlztall:;fégrs """""""""""""" zi;; Without ABI Assessments and 6-Minute
2.2. Prognosis and Natural History ............... ed75 255 VDVallf ngtl """" d """""""""" ¢ 2(9)?)
2.2.1. Coprevalence of Coronary Artery Disease -9 Duplex Ultrasound ... S N
and Carotid Disease................... ed75 2.5.6. Comput.ed Tomographic Anglography. - €501
2.2.2. Risk of Cardiovascular Events. ........ ed76 2.5.7. Magnetic Resonance Angiography..... €502
2.2.3. Prognosis of the Limb................. e476 2.5.8. Contrast Angiography ................. e503
2.3. Other Causes of Lower Extremity PAD ...... ed76 2.6. Treatment ..........ooevuiininininneneann.. e505
2.4. Clinical Presentation......................... ed77 2.6.1. Cardiovascular Risk Reduction ........ e505
2.4.1. Asymptomatic............oevvnernn.... ed77 2.6.1.1. Lipid-Lowering Drugs ........ e505
2.4.2. Claudication .............ccovvvuennn.. e480 2.6.1.2. Antihypertensive Drugs ....... e506
2.4.3. Critical Limb Ischemia................ e483 2.6.1.3. Diabetes Therapies............ €506

e463


http://circ.ahajournals.org/

1102 ‘8T AInr uo 1s9nb Aq /610°s[eulnofeye a419//:d1ny wioly papeojumoq

ed464 Circulation March 21, 2006

2.6.1.4. Smoking Cessation ........... e507 3.3.3. Other Causes of Renal Artery Disease ... €543
2.6.1.5. Homocysteine-Lowering 3.4. Diagnostic Methods ......................... e543
Drugs ... e507 3.4.1. Renal Scintigraphy .................... e544
2.6.1.6. Antiplatelet and Antithrombotic 3.4.2. Duplex Ultrasound .................... e544
Drugs .....coviiiiiii e507 3.4.3. Computed Tomographic Angiography.. e545
2.6.2. Claudication ..............cocovennn.. e509 3.4.4. Magnetic Resonance Angiography..... e545
2.6.2.1. Exercise and Lower Extremity 3.4.5. Catheter Angiography ................. e545
PAD Rehabilitation ........... e509 34.6. Renin.......coooviiiiiiiiiia. e546
2.6.2.2. Medical and Pharmacological 3.4.6.1. Selective Renal Vein Renin
Treatment for Claudication. ... e512 Studies ... e546
2.6.2.3. Role of Revascularization for 3.4.6.2. Plasma Renin Activity: Captopril
Claudication.................. e515 Test ..o e546
2.6.2.4. Endovascular Treatment for 3.5. Treatment of Renovascular Disease: Renal
Claudication.................. e515 Artery Stenosis............ooiiiiiiiiiiiia. e547
2.6.2.5. Surgery for Claudication....... e521 3.5.1. Medical Treatment.................... e547
2.6.3. Critical Limb Ischemia and Treatment for 3.5.2. Indications for Revascularization ...... e548
Limb Salvage.......................... e525 3.5.2.1. Asymptomatic Stenosis ....... e548
2.6.3.1. Medical and Pharmacological 3.5.2.2. Hypertension ................. €550
Treatment for CLI............ €526 3.5.2.3. Preservation of Renal Function ... e551
2.6.3.2. Endovascular Treatments for CLI. 527 3.5.2.4. Impact of RAS on Congestive
2.6.3.3. Thrombolysis for Acute and Heart Failure and Unstable
Chronic Limb Ischemia....... e528 Angina..............o.oia.l e553
2.6.3.4. Surgery for CLI .............. e529 3.5.3. Catheter-Based Interventions .......... e554
2.7. Algorithms ... e533 354, Surgery for RAS..................... e555
2.7.1. Diagnostic Pathway ................... e533 3.5.4.1. Fibromuscular Dysplasia...... €556
2.7.2. Treatment Pathways................... e533 3.5.4.2. Arteriosclerotic Renal Artery
3. RENAL ARTERIAL DISEASE................... €534 1543 gg;ll‘l‘tzlz? ODI‘)S;;‘?VG' Therapy . Zg‘;g
3.1. Prevalence and Natural History .............. e534
3.1.1. Clinical End Points of Renal Artery 4. MESENTERIC ARTERIAL DISEASE............ e557
DiISEASE . o vt e e e537 4.1. Acute Intestinal Ischemia .................... e557
3.2. Clinical Clues to the Diagnosis of RAS ...... e541 4.1.1. Acute Intestinal Ischemia Caused by
3.3. Pathophysiology and Disease Categories. ... .. e541 Arterial Obstruction................... e557
3.3.1. Atherosclerosis.............covuiun.. e542 4.1.1.1. Etiology.........cccovvuinat. e557
3.3.2. Fibromuscular Dysplasia .............. e542 4.1.1.2. Diagnosis. ........c..coevuvunn.. e558

*AAVS/SVS when Guideline initiated, now merged into SVS.

FSociety for Vascular Medicine and Biology official representative.

+Society of Interventional Radiology official representative.

§Society for Vascular Surgery official representative.

{[Society for Cardiovascular Angiography and Interventions official representative.

**Former Task Force member during this writing effort.

fiImmediate Past Chair.

This document was approved by the American College of Cardiology Foundation Board of Trustees in October 2005 and by the American Heart
Association Science Advisory and Coordinating Committee in October 2005.

When this document is cited, the American Heart Association requests that the following citation format be used: Hirsch AT, Haskal ZJ, Hertzer NR,
Bakal CW, Creager MA, Halperin JL, Hiratzka LF, Murphy WRC, Olin JW, Puschett JB, Rosenfield KA, Sacks D, Stanley JC, Taylor LM Jr., White
CJ, White J, White RA. ACC/AHA 2005 practice guidelines for the management of patients with peripheral arterial disease (lower extremity, renal,
mesenteric, and abdominal aortic): a collaborative report from the American Association for Vascular Surgery/Society for Vascular Surgery, Society for
Cardiovascular Angiography and Interventions, Society for Vascular Medicine and Biology, Society of Interventional Radiology, and the ACC/AHA Task
Force on Practice Guidelines (Writing Committee to Develop Guidelines for the Management of Patients With Peripheral Arterial Disease). Circulation.
2006;113:e463—e654. DOIL: 10.1161/CIRCULATIONAHA.106.174526.

This article has been copublished in the March 21, 2006, issue of the Journal of the American College of Cardiology (J Am Coll Cardiol.
2006;47:e1-e192).

Copies: This document is available on the World Wide Web sites of the American College of Cardiology (www.acc.org) and the American Heart
Association (www. americanheart.org).tt Single copies of this document are available by calling 1-800-253-4636 or writing the American College of
Cardiology Foundation, Resource Center, at 9111 Old Georgetown Road, Bethesda, MD 20814-1699. Ask for reprint number 71-0349. To obtain a copy
of the Executive Summary published in the March 21, 2006, issue of the Journal of the American College of Cardiology and the March 21, 2006, issue
of Circulation, ask for reprint number 71-0348. To purchase bulk reprints (specify version and reprint number): Up to 999 copies, call 1-800-611-6083
US only) or fax 413-665-2671; 1000 or more copies, call 214-706-1789, fax 214-691-6342, or e-mail pubauth@heart.org.

+%Can also be found on the World Wide Web sites of the Society for Cardiovascular Angiography and Interventions (www.scai.org), Society for
Vascular Medicine and Biology (www.svmb.org), Society for Vascular Surgery (www.svs.vascularweb.org), Society of Interventional Radiology
(www.sirweb.org), and Vascular Disease Foundation (www.vdf.org).

Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the express
permission of the American College of Cardiology Foundation. Please direct requests to copyright_permissions @acc.org.

© 2006 by the American College of Cardiology Foundation and the American Heart Association, Inc.

Circulation is available at http://www.circulationaha.org DOI: 10.1161/CIRCULATIONAHA.106.174526


http://circ.ahajournals.org/

1102 ‘8T AInr uo 1s9nb Aq /610°s[eulnofeye a419//:d1ny wioly papeojumoq

4.2.

Hirsch et al

4.1.1.3. Natural History ............... e559
4.1.1.4. Surgical Treatment............ €560
4.1.1.5. Endovascular Treatment. ...... e560
4.1.2. Acute Nonocclusive Intestinal Ischemia.. €560
4.1.2.1. Etiology...........coooint e560
4.1.2.2. Diagnosis. .........ocvevuennn.. e561
4.1.2.3. Treatment .................... e561
Chronic Intestinal Ischemia .................. e561
42.1. Btiology ..o e561
4.2.2. DIagnosiS. ... ...ovviiiiiiiiininia... €562
4.2.3. Natural History ....................... €562
4.2.4. Interventional Treatment .............. e563
4.2.5. Surgical Treatment.................... e563

. ANEURYSMS OF THE ABDOMINAL AORTA,

ITS BRANCH VESSELS, AND THE

LOWER EXTREMITIES..............coooiintt. e563
5.1. Definition ... e564
5.2. Abdominal Aortic and Iliac Aneurysms....... e564
5.2.1. Prevalence.............cocoiiiiiiat, e564
5.2.1.1. Generalized Arteriomegaly .... e564

522, Btology ... €564
5.2.2.1. Hereditary Risk Factors....... e564

5.3.

5.2.2.2. Atherosclerotic Risk Factors .. €565
5.2.2.3. Collagenase, Elastase,

Metalloproteases.............. €569
5.2.2.4. Congenital Aneurysms........ e569
5.2.2.5. Inflammatory Aneurysms ..... e570
5.2.2.6. Infectious Aneurysms......... e570

5.2.3. Natural History ....................... e571
5.2.3.1. Aortic Aneurysm Rupture..... e571
5.2.3.2. Common Iliac Aneurysms..... e576
5.2.3.3. Local Compression or Erosion. e576

5.2.4. DIagnosiS......c.ooeuiiiiiiiiiiniaa... e576
5.2.4.1. Symptomatic Aortic or Iliac

Aneurysms.............o.en... e576
5.2.4.2. Asymptomatic Aortic or Iliac

Aneurysms .............ou.... e576
5.2.4.3. Physical Examination......... e577
5.2.4.4. Incidental Radiological Findings .. €577
5.2.4.5. Diagnostic Imaging ........... eS78
5.2.4.6. Screening High-Risk Populations . €580

5.2.5. Observational Management............ e581
5.2.5.1. Blood Pressure Control and

Beta-Blockade................. e581
5.2.5.2. Follow-Up Surveillance....... e582

5.2.6. Open Aortic Aneurysm Repair......... €582
5.2.6.1. Infrarenal AAAs.............. e583
5.2.6.2. Juxtarenal, Pararenal, and Suprarenal

Aortic Aneurysms ............. e585

5.2.7. Endovascular Aortic Aneurysm Repair. 588
5.2.7.1. Introduction .................. e588
5.2.7.2. Preoperative Cardiac Evaluation .. €591
5.2.7.3. Early Mortality and Complication

Rates..........oooooiiiiint. e591
5.2.7.4. Late Survival and Complication

Rates..............oooiiiit e594
5.2.8. Prevention of Aortic Aneurysm Rupture ... €597
5.2.8.1. Management Overview ....... e597
Visceral Artery Aneurysms .................. €600
5.3.1. Splenic Artery Aneurysms............. e600
5.3.2. Superior Mesenteric Artery Aneurysms .. e600

5.3.3. Management Options.................. €603

5.4. Lower Extremity Aneurysms................. €603

ACC/AHA Guidelines for the Management of PAD e465

5.4.1. Btiology .....ooviiii e603
5.4.2. Natural History ....................... e604
5.4.2.1. Popliteal Artery Aneurysms... e604
5.4.2.2 Femoral Artery Aneurysms .... €606

5.4.3. Management..............oooeuinennn.. €606
5.4.3.1. Popliteal Aneurysms.......... e607
5.4.3.2. Femoral Aneurysms........... e608
5.4.3.3. Catheter-Related Femoral Artery

Pseudoaneurysms ............. e611
Appendix 1. Relationships With Industry: Writing
Committee . ......vvvreiininni i e615
Appendix 2. Relationships With Industry: Peer
Reviewers .........coooviiiiiiiiiiiiat e617
Appendix 3. Abbreviations...............c..c.oia... e619
References ..o, €620

1. INTRODUCTION

1.1. Preamble

It is important that the medical professions play a signif-
icant role in critically evaluating the use of diagnostic
procedures and therapies in the detection, management,
and prevention of disease states. Rigorous and expert
analysis of the available data documenting absolute and
relative benefits and risks of those procedures and thera-
pies can produce helpful guidelines that improve the
effectiveness of care, optimize patient outcomes, and
favorably affect the overall cost of care by focusing
resources on the most effective strategies.

The American College of Cardiology (ACC) and the
American Heart Association (AHA) have jointly engaged in
the production of such guidelines in the area of cardiovascu-
lar disease since 1980. This effort is directed by the ACC/
AHA Task Force on Practice Guidelines, whose charge is to
develop and revise practice guidelines for important cardio-
vascular diseases and procedures. Writing committees are
charged with the task of performing an assessment of the
evidence and acting as an independent group of authors to
develop written recommendations for clinical practice. Ex-
perts in the subject under consideration are selected from both
organizations to examine subject-specific data and write or
update guidelines. The process includes additional represen-
tatives from other medical practitioner and specialty groups
where appropriate. Writing groups are specifically charged to
perform a formal literature review, weigh the strength of
evidence for or against a particular treatment or procedure,
and include estimates of expected health outcomes where
data exist. Patient-specific modifiers, comorbidities, and is-
sues of patient preference that might influence the choice of
particular tests or therapies are considered, as well as fre-
quency of follow-up and cost-effectiveness. When available,
information from studies on cost will be considered; however,
review of data on efficacy and clinical outcomes will be the
primary basis for recommendations in these guidelines.

The ACC/AHA Task Force on Practice Guidelines makes
every effort to avoid any actual, potential, or perceived
conflicts of interest that might arise as a result of an outside
relationship or personal interest of a member of the writing
panel. Specifically, all members of the writing panel are
asked to provide disclosure statements of all such relation-
ships that might be perceived as real or potential conflicts of
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interest. These statements are reviewed by the parent task
force, reported orally to all members of the writing panel at
each meeting, and updated and reviewed by the writing
committee yearly and as changes occur. Please see Appendix
1 for author relationships with industry and Appendix 2 for
peer reviewer relationships with industry.

The practice guidelines produced are intended to assist
healthcare providers in clinical decision making by describ-
ing a range of generally acceptable approaches for the diag-
nosis, management, and prevention of specific diseases or
conditions. These guidelines attempt to define practices that
meet the needs of most patients in most circumstances. These
guideline recommendations reflect a consensus of expert
opinion after a thorough review of the available, current sci-
entific evidence and are intended to improve patient care. If
these guidelines are used as the basis for regulatory/payer
decisions, the ultimate goal is quality of care and serving the
patient’s best interests. The ultimate judgment regarding care
of a particular patient must be made by the healthcare
provider and patient in light of all of the circumstances pre-
sented by that patient.

These guidelines were approved for publication by the gov-
erning bodies of the American College of Cardiology (ACC)
and the AHA and have been officially endorsed by the fol-
lowing collaborating  organizations: Society for
Cardiovascular Angiography and Interventions; Society for
Vascular Medicine and Biology; Society for Vascular
Surgery; and Society of Interventional Radiology; as well as
by the American Association of Cardiovascular and
Pulmonary Rehabilitation; National Heart, Lung, and Blood
Institute; Society for Vascular Nursing; TransAtlantic Inter-
Society Consensus; and Vascular Disease Foundation. The
guidelines will be reviewed annually by the ACC/AHA Task
Force on Practice Guidelines and will be considered current
unless they are updated, revised, or sunset and withdrawn
from distribution. The executive summary and recommenda-
tions are published in the March 21, 2006 issue of the
Journal of the American College of Cardiology and the
March 21, 2006 issue of Circulation. The full text is pub-
lished on the ACC and AHA World Wide Web sites. Copies
of the full text and the executive summary are available from
both organizations.

Elliott M. Antman, MD, FACC, FAHA
Chair, ACC/AHA Task Force on Practice Guidelines

Raymond J. Gibbons, MD, FACC
Immediate Past-Chair, ACC/AHA Task Force on
Practice Guidelines

1.2. Definitions

Peripheral arterial disease (PAD) encompasses a range of
noncoronary arterial syndromes that are caused by the
altered structure and function of the arteries that supply the
brain, visceral organs, and the limbs. Numerous pathophysi-

ACC - www.acc.org
AHA - www.americanheart.org

ological processes can contribute to the creation of stenoses
or aneurysms of the noncoronary arterial circulation, but ath-
erosclerosis remains the most common disease process
affecting the aorta and its branch arteries. These guidelines
primarily address the diagnosis and management of athero-
sclerotic, aneurysmal, and thromboembolic PAD.

Whereas the term “peripheral arterial disease” encompass-
es a large series of disorders affecting arterial beds exclusive
of the coronary arteries, this writing committee chose to limit
the scope of the work of this document to disorders of the
abdominal aorta, renal and mesenteric arteries, and lower
extremity arteries. The guideline is thus presented as an
introduction, followed by 4 sections that address these
anatomic arterial regions. Clinical management guidelines
for other arterial beds (e.g., the thoracic aorta, carotid and
vertebral arteries, and upper extremity arteries) have been
excluded from the current guideline to focus on the infradi-
aphragmatic arterial system and in recognition of the robust
evidence base that exists for the aortic, visceral, and lower
extremity arteries. The guideline is also organized to follow
an anticipated “chronology” of clinical care of patients with
PAD. As such, the full-text guideline is written with the pre-
sumption that many readers will search the guideline for spe-
cific advice on management of PAD patients at different
phases of their illness. Thus, in selected instances, recom-
mendations and some portions of the text are repeated.

The clinical manifestations of PAD are a major cause of
acute and chronic illness; are associated with decrements in
functional capacity and quality of life; cause limb amputa-
tion; and increase risk of death. The systemic nature of the
atherosclerotic process also contributes to development of
concomitant disease of the arteries to the heart and brain.
Consequently, patients with PAD often face an associated
increased risk of cardiovascular ischemic events, such as
myocardial infarction (MI), ischemic stroke, and death.
Overall, the manifestations of PAD are thus associated with
a large personal, social, and economic burden in the United
States, Europe, South America, and Asia, and PAD is
increasingly recognized as a health burden worldwide.

Inasmuch as the burden of PAD is widespread, these guide-
lines are intended to assist all clinicians who might provide
care for such patients. In particular, these guidelines are
designed to aid primary care clinicians, vascular and cardio-
vascular specialists, trainees in the primary care and vascular
specialties, nurses, physical therapists, and rehabilitative per-
sonnel who seek clinical tools that can improve the proper
evaluation and management of patients with PAD and asso-
ciated thromboembolic disease. This document provides rec-
ommendations and supporting evidence for the short- and
long-term management of patients with PAD in both inpa-
tient and outpatient settings. Recommended diagnostic and
therapeutic strategies are supported by the best available evi-
dence and expert opinion. The application of these strategies,
combined with carefully reasoned clinical judgment, pro-
motes the use of preventive strategies, improves the rates of
diagnosis of each syndrome, and decreases the rates of
amputation, ischemic renal failure, mesenteric ischemia,
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aneurysmal rupture, MI, stroke, and death. The ultimate goal
of the guideline is to improve the quality of life for people
with PAD.

The Committee to Develop Guidelines for Peripheral
Arterial Disease conducted comprehensive searching of the
scientific and medical literature relevant to PAD. Literature
searches were conducted in PubMed/MEDLINE and a clini-
cal trials database. Searches were limited to publications in
English and human subjects. The committee reviewed all
compiled reports from computerized searches and conducted
additional searching by hand. Committee members also rec-
ommended applicable articles outside the scope of formal
searches.

In addition to broad-based searching on PAD, specific tar-
geted searches were performed on the following subtopics:
amputation, aneurysm, ankle-brachial index, antihyperten-
sive drugs, antiplatelet and antithrombotic drugs, arteriogra-
phy, beta blockade, “blue-toe” syndrome, calcification,
catheter-based intervention, chronic limb ischemia, claudica-
tion, compression, computed tomography, coprevalance of
cardiovascular/carotid disease, diabetes, diagnosis, endovas-
cular treatment, etiology, exercise/rehabilitation, femoral
pseudoaneurysms, follow-up, homocysteine lowering, imag-
ing, location and prevalence, lower extremity pulse exam,
magnetic resonance angiography, management of ischemia,
measurement, medical/pharmacological management,
mesenteric, natural history, pathology, pregnancy risk, pre-
operative assessment/evaluation, prevalence, renal function,
smoking cessation, statins, stent, surgical intervention,
thrombolysis, ultrasound, vascular surgery. The list of
subtopics is not exhaustive.

As a result of these searches, more than 1300 references
were used as the major evidence base in the final Guideline,
with many times this number of references reviewed by the
Committee. Using evidence-based methodologies developed
by the ACC/AHA Task Force on Practice Guidelines, the
committee wrote guideline text and recommendations.
Literature citations were generally restricted to published
manuscripts appearing in journals listed in Index Medicus.
Because of the scope and importance of certain ongoing clin-
ical trials and other emerging information, published
abstracts were cited when they were the only published
information available.

It is hoped that readers will be best served as they utilize
this guideline by their examination of the methods of evi-
dence review that guide all writing committees
(http://www.acc.org/clinical/manual/manual_introltr.htm). A
classification of recommendation and a level of evidence
have been assigned to each recommendation. Classifications
of recommendations and levels of evidence are expressed in
the ACC/AHA format as follows.

Classification of Recommendations

Class I: Conditions for which there is evidence for
and/or general agreement that a given proce-
dure or treatment is beneficial, useful, and
effective.

Hirsch et al. 2005
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Class II: Conditions for which there is conflicting evi-
dence and/or a divergence of opinion about
the usefulness/efficacy of a procedure or treat-
ment.

Class IIa: Weight of evidence/opinion is in
favor of usefulness/efficacy.

Class IIb: Usefulness/efficacy is less well
established by evidence/opinion.

Class III: Conditions for which there is evidence and/or
general agreement that a procedure/treat-
ment is not useful/effective and in some cases
may be harmful.

Level of Evidence

e Level of Evidence A: Data derived from multiple random-
ized clinical trials or meta-analyses.

e Level of Evidence B: Data derived from a single random-
ized trial or nonrandomized studies.

e Level of Evidence C: Only consensus opinion of experts,
case studies, or standard-of-care.

Table 1 delineates the classification of recommendations
and level of evidence.

This guideline was developed by a writing committee
whose members had expertise in vascular medicine and car-
diovascular medicine, vascular surgery, vascular and inter-
ventional radiology, and hypertension and renal disease, with
committee membership derived from the ACC, the AHA, the
Society for Vascular Surgery, the Society of Interventional
Radiology, the Society for Vascular Medicine and Biology,
the Society for Cardiovascular Angiography and
Interventions, the ACC Board of Governors, and the
ACC/AHA Task Force on Practice Guidelines.

This writing committee recognizes the prodigious effort
and international contribution of the “Management of
Peripheral Arterial Disease” document developed by the
TransAtlantic Inter-Society Consensus (TASC) Working
Group (http://www.tasc-pad.org/) (1). The TASC is an inter-
nationally derived, collaboratively created consensus that
provides an evidence-based, detailed review of the diagnosis
and treatment of intermittent claudication, acute limb
ischemia, and critical limb ischemia (CLI). The efforts of
TASC have defined the standard of excellence in the treat-
ment of peripheral arterial disease. At this writing, the TASC
Working Group is in the process of updating its 2000 docu-
ment. Readers are encouraged to consult, in addition to this
guideline, the revised TASC document when it becomes
available.

The ACC/AHA Writing Committee was charged with
building on the work of TASC to create a guideline for a
broader audience to include primary care clinicians as well
as vascular specialists. This guideline also encompasses a
larger, yet still limited, scope. In addition to lower extremity
PAD, this guideline includes a focus on aortic and branch
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aneurysmal disease, renal arterial, and visceral arterial dis-
ease. Thus, the purposes of this guideline are to (1) aid in the
recognition, diagnosis, and treatment of PAD of the aorta and
lower extremities, addressing its prevalence, impact on qual-
ity of life, cardiovascular ischemic risk, and risk of CLI; (2)
aid in the recognition, diagnosis, and treatment of renal and
visceral arterial diseases; and (3) improve the detection and
treatment of abdominal and branch artery aneurysms.

The term “peripheral arterial disease” includes a diverse
group of disorders that lead to progressive stenosis or occlu-
sion, or aneurysmal dilation, of the aorta and its noncoronary
branch arteries, including the carotid, upper extremity, vis-
ceral, and lower extremity arterial branches. PAD is the pre-
ferred clinical term that should be used to denote stenotic,
occlusive, and aneurysmal diseases of the aorta and its
branch arteries, exclusive of the coronary arteries.

Historically, the term “peripheral vascular disease” has
been used to most inclusively describe the noncardiac dis-
eases that affect the circulation as a whole. Thus, this term
encompasses a myriad of pathophysiological syndromes that
affect the arterial, venous, and lymphatic circulations;
accordingly, it includes all vascular diseases that alter end-
organ perfusion. Arterial diseases include those disorders
that cause either fixed obstruction or abnormal vascular reac-
tivity of the arteries that supply a given tissue; the obstruc-
tion impairs blood delivery and can produce ischemia.
Venous diseases include those disorders that impair normal
venous function, usually involve both altered venous struc-
ture and function, and may include thromboembolism. These
disorders include venous valvular incompetence and venous
hypertension, deep venous thrombosis, pulmonary
embolism, the postthrombotic syndrome, and varicose veins.
Lymphatic diseases are a consequence of congenital or
acquired processes that may cause progressive destruction or
abnormal function of the microvascular lymphatic networks;
these disorders are usually clinically manifested as lym-
phedema. Thus, the term “peripheral vascular disease” is
broadly inclusive of all vascular disorders.

The term “peripheral arterial occlusive disease” is used in
a manner analogous to that of PAD, although it specifically
excludes the functional (vasoreactive) or aneurysmal disor-
ders that affect the noncoronary arteries. “Lower extremity
arterial disease” includes disorders that affect the leg arteries
and does not include diseases of the aorta, carotid, upper
extremity, or visceral arteries.

“Arteriosclerosis obliterans” includes those arterial dis-
eases that are defined by the process of atheroma formation
and calcium deposition in the arterial wall.
“Atherothrombosis” similarly defines the mutual roles of
atherosclerosis and thrombosis in the formation of arterial
stenoses that lead to plaque rupture and thrombotic occlu-
sion. “Atherosclerotic vascular disease” includes those arte-
rial syndromes that have an atherosclerotic origin, exclusive
of aneurysmal, thromboembolic, arteritic, and vasoreactive
causes.

For the purposes of this guideline, we utilize the term
“peripheral arterial disease” to broadly encompass the vas-
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cular diseases caused primarily by atherosclerosis and
thromboembolic pathophysiological processes that alter the
normal structure and function of the aorta, its visceral arteri-
al branches, and the arteries of the lower extremity.

Peripheral arterial disease is often a consequence of sys-
temic disease processes that affect multiple arterial circula-
tions, although clinically recognized disease in more than 1
organ system is not always present. These systemic patho-
physiological processes are diverse and include atherosclero-
sis, degenerative diseases, dysplastic disorders, vascular
inflammation (arteritis), and both in situ thrombosis and
thromboembolism. Clinicians who provide care for individ-
uals with PAD should recognize this diversity of pathophys-
iological causes of this syndrome because this recognition is
required to create an inclusive differential diagnosis and
comprehensive long-term treatment plan. The most common
cause of PAD worldwide is atherosclerosis, and thus the epi-
demiology and clinical consequences of PAD are closely
associated with classic atherosclerosis risk factors (e.g.,
smoking, diabetes, hypertension, hyperlipidemia, family his-
tory, and the postmenopausal state) and more recently
defined risk factors (e.g., hyperhomocysteinemia and a vari-
ety of others) (2-5).

Peripheral arterial disease may also be caused by degener-
ative disorders that lead to a loss of the structural integrity
and subsequent dilation of the arterial wall. The pathophysi-
ology of some specific progressive arterial degenerative dis-
eases is relatively well understood (such as the collagen
abnormalities that underlie Marfan and Ehlers-Danlos syn-
dromes) (6-10), whereas the vascular defect responsible for
most degenerative diseases remains elusive (e.g., Erdheim’s
cystic medial necrosis, arteriomegaly, neurofibromatosis,
and most of the so-called atherosclerotic aneurysms).
Arterial wall degeneration can lead to aneurysm formation or
dissection that may result in arterial rupture or occlusion.
The most common dysplastic disease is fibromuscular dys-
plasia (FMD), which may affect many noncoronary arterial
beds, especially the renal arteries, carotid arteries, and iliac
arteries (11,12). The vasculitic diseases may also affect any
arterial bed, and the spectrum of clinical syndromes associ-
ated with vasculitis is broad (13-20). Large vessels (the aorta
and its first- and second-order branches) may be involved by
giant cell arteritis (Takayasu’s disease), Behget’s syndrome,
relapsing polychondritis, and vasculitis associated with
arthropathies. Medium-sized vessels (conduit muscular
arteries and branches) are classically the target of polyarteri-
tis nodosa or temporal arteritis (a form of giant cell arteritis),
although Wegener’s or lymphoid granulomatosis, Churg-
Strauss syndrome, and Kawasaki disease also affect vessels
of this size. Radiation-associated arteritis can affect vessels
of any size. Small-vessel disease (arterioles and microves-
sels) occurs most frequently in association with systemic dis-
orders such as rheumatoid arthritis, systemic lupus erythe-
matosus, serum sickness, and other connective tissue or
autoimmune diseases. Thromboangiitis obliterans (Buerger’s
disease) is an arterial obliterative and thrombotic process that
is most frequently (but not invariably) observed in young
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individuals who smoke tobacco; it behaves like a vasculitis
and can affect arteries of all sizes (smaller distal limb arter-
ies more frequently than larger proximal arteries), as well as
superficial veins (21-23).

The primary prothrombotic diseases may be caused by (a)
specific abnormalities in the clotting system (e.g., protein C,
protein S, or antithrombin I1I deficiencies; factor V Leiden or
prothrombin mutations; hyperhomocysteinemia; or other
abnormalities); (b) the presence of a lupus anticoagulant or
anticardiolipin antibody; and (c) the prothrombotic state
associated with many malignancies and inflammatory bowel
disease (24). Thromboembolic arterial occlusive disease
affects both large (macroembolic) and small (microembolic)
vessels (25-29). Macroemboli usually originate from a car-
diac source (such as thrombus in the left atrial appendage,
atrial fibrillation, ventricular thrombus secondary to MI or
heart failure), whereas microemboli may have either a car-
diac source (typically a diseased native valve or a thrombo-
genic prosthetic valve) or an arterial source (most often a
ruptured cholesterol-containing plaque that produces distal
atheroembolization).

The term “vasospastic diseases” refers to the pathological
vasoconstriction that may affect any muscular vessel in the
body (30-33). Migraine headache, cerebral vasospasm asso-
ciated with intracranial bleeding, Prinzmetal’s angina,
Raynaud’s phenomenon, and ergot toxicity are all well-rec-
ognized vasospastic syndromes. In the extremities,
vasospasm may occur as a primary event (primary
Raynaud’s phenomenon) or secondary to an underlying dis-
ease process such as scleroderma or systemic lupus erythe-
matosus (secondary Raynaud’s phenomenon).

1.3. Vascular History and Physical Examination
RECOMMENDATIONS

Class I

1. Individuals at risk for lower extremity PAD (see
Section 2.1.1, Table 2) should undergo a vascular
review of symptoms to assess walking impairment,
claudication, ischemic rest pain, and/or the presence
of nonhealing wounds. (Level of Evidence: C)

2. Individuals at risk for lower extremity PAD (see

Table 2. Individuals at Risk for Lower Extremity Peripheral Arterial
Disease

Age less than 50 years, with diabetes and one other atherosclerosis
risk factor (smoking, dyslipidemia, hypertension, or hyperhomo-
cysteinemia)

Age 50 to 69 years and history of smoking or diabetes
Age 70 years and older

Leg symptoms with exertion (suggestive of claudication) or ischemic
rest pain

Abnormal lower extremity pulse examination

Known atherosclerotic coronary, carotid, or renal artery disease

ACC - www.acc.org
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Section 2.1.1) should undergo comprehensive pulse
examination and inspection of the feet. (Level of
Evidence: C)

3. Individuals over 50 years of age should be asked if
they have a family history of a first-order relative with
an abdominal aortic aneurysm. (Level of Evidence: C)

Vascular diseases are common, and prompt treatment can
diminish disability and death. Preservation of individual
health (improved functional status and survival) and achieve-
ment of public health goals (e.g., diminished rates of ampu-
tation and fewer cardiovascular ischemic events and death)
can be fostered by establishment of an accurate vascular
diagnosis. As for all illnesses, excellence in care begins with
the collection of an accurate history of the present illness,
review of systems, and physical examination.

Vascular Review of Systems

In an ideal clinical world, each patient would offer their cli-
nician a detailed accounting of symptoms that impair normal
body functions or cause pain or disability, which would pro-
vide clues to an underlying disease state. However, patients
do not always report symptoms that may be vital to their
health, and they do not always associate specific symptoms
with underlying arterial disease (e.g., the walking impair-
ment of claudication, the presence of a poorly healing
wound, or abdominal pain in the presence of an abdominal
aneurysm). In this context, clinicians can specifically request
these data by asking patients to offer a review of symptoms
(ROS). The ROS is used to unmask symptoms in the follow-
ing domains: head, eye, ear, nose, throat, and the lymphatic,
dermatologic, pulmonary, cardiac, gastrointestinal, geni-
tourinary, musculoskeletal, neurological, or rheumatologic
systems. Traditionally, there has been no routine vascular
ROS, and this may contribute to the documented underdiag-
nosis of vascular diseases. This guideline, drafted with the
mandate to improve care for patients with PAD, offers sug-
gestions for creation of a vascular ROS.

Key components of the vascular ROS (not usually includ-
ed in the ROS of the extremities) and family history include
the following:

e Any exertional limitation of the lower extremity muscles
or any history of walking impairment. The characteristics
of this limitation may be described as fatigue, aching,
numbness, or pain. The primary site(s) of discomfort in
the buttock, thigh, calf, or foot should be recorded, along
with the relation of such discomfort to rest or exertion.

e Any poorly healing or nonhealing wounds of the legs or
feet.

e Any pain at rest localized to the lower leg or foot and its
association with the upright or recumbent positions.

e Postprandial abdominal pain that reproducibly is provoked
by eating and is associated with weight loss.
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e Family history of a first-degree relative with an abdominal
aortic aneurysm (AAA).

The Vascular Physical Examination

Ideally, critical components of the bedside clinical evaluation
are common among all clinicians and congruent between pri-
mary care and specialty practices. Such a common core
physical examination and methods to record its findings are
fundamental if clinical data are to be transferred (a) from one
caregiver to the next within a practice or (b) from primary
caregiver to consultant. Such an approach has been central to
the establishment of the best clinical practices for heart dis-
ease (in which all practitioners utilize a common examina-
tion of neck veins, palpation of the point of maximal
impulse, intensity of heart sounds, and intensity and location
of murmurs); pulmonary disease (in which all practitioners
utilize a common examination of diaphragmatic excursion,
inspiratory effort, and clarity of breath sounds); and neuro-
logical disease (in which all practitioners utilize a common
examination of cranial nerve function and global sensory and
motor function). The pulse examination, although critical to
good care, has well-defined limitations. Recognition of the
limited sensitivity, specificity, and predictive value of the
pulse examination has led to recognition that this examina-
tion must be supplemented by objective vascular testing (see
Section 2.5) (34).

Key components of the vascular physical examination
include the following:

e Measurement of blood pressure in both arms and notation
of any interarm asymmetry.

e Palpation of the carotid pulses and notation of the carotid
upstroke and amplitude and presence of bruits.

Smoking

Diabetes

Hypertension
Hypercholesterolemia
Hyperhomocysteinemia

C-Reactive Protein
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e Auscultation of the abdomen and flank for bruits.

e Palpation of the abdomen and notation of the presence of
the aortic pulsation and its maximal diameter.

e Palpation of pulses at the brachial, radial, ulnar, femoral,
popliteal, dorsalis pedis, and posterior tibial sites.
Performance of Allen’s test when knowledge of hand per-
fusion is needed.

e Auscultation of both femoral arteries for the presence of
bruits.

e Pulse intensity should be assessed and should be recorded
numerically as follows: 0, absent; 1, diminished; 2, nor-
mal; 3, bounding.

e The shoes and socks should be removed, the feet inspect-
ed, the color, temperature, and integrity of the skin and
intertriginous areas evaluated, and the presence of ulcera-
tions recorded.

e Additional findings suggestive of severe PAD, including
distal hair loss, trophic skin changes, and hypertrophic
nails, should be sought and recorded.

2. LOWER EXTREMITY PAD
2.1. Epidemiology
2.1.1. Risk Factors

The major cause of lower extremity PAD is atherosclerosis.
Risk factors for atherosclerosis such as cigarette smoking,
diabetes, dyslipidemia, hypertension, and hyperhomocys-
teinemia increase the likelihood of developing lower extrem-
ity PAD, as they do for other manifestations of atherosclero-
sis (Figure 1).

| l l 1 l

S5 1 2 3 4 5

Relative Risk

Figure 1. Risk of developing lower extremity PAD. The range for each risk factor is estimated from epidemiological studies (see text).
The relative risks take into consideration current smokers versus former smokers and nonsmokers, presence versus absence of dia-
betes and hypertension, and highest versus lowest quartile of homocysteine and C-reactive protein. The estimate for hypercholes-
terolemia is based on a 10% risk for each 10 mg per dL rise in total cholesterol. Adapted from J Vasc Surg, 31, Dormandy JA,
Rutherford RB, for the TransAtlantic Inter-Society Consensus (TASC) Working Group, Management of peripheral arterial disease

(PAD), S1-S296, Copyright 2000, with permission from Elsevier (1).
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Cigarette smoking is an exceptionally powerful etiologic
risk factor for lower extremity PAD (35). It is 2 to 3 times
more likely to cause lower extremity PAD than coronary
artery disease (36). Large epidemiological studies have
found that smoking increases the risk of lower extremity
PAD by 2- to 6-fold and the risk of intermittent claudication
by 3- to 10-fold (3,37-40). More than 80% of patients with
lower extremity PAD are current or former smokers (38,40).
The risk of lower extremity PAD increases in a powerful
dose-dependent manner with the number of cigarettes
smoked per day and the number of years smoked (36,41-43).

Diabetes mellitus increases the risk of lower extremity
PAD by 2- to 4-fold (35,40,44-46) and is present in 12% to
20% of persons with lower extremity PAD (40,45). In the
Framingham Heart Study, diabetes increased the risk of
intermittent claudication by 3.5- and 8.6-fold in men and
women, respectively (37). The risk of developing lower
extremity PAD is proportional to the severity and duration of
diabetes (46,47). The risk of developing CLI is also greater
in diabetics than nondiabetics (48,49). Diabetic patients with
lower extremity PAD are 7- to 15-fold more likely to under-
go a major amputation than nondiabetics with lower extrem-
ity PAD (49-51).

Lipid abnormalities that are associated with lower extrem-
ity PAD include elevated total and low-density lipoprotein
(LDL) cholesterol, decreased high-density lipoprotein
(HDL) cholesterol, and hypertriglyceridemia (3,43,45,52).
The risk of developing lower extremity PAD increases by
approximately 5% to 10% for each 10 mg per dL rise in total
cholesterol (44,53,54). In epidemiological studies, total cho-
lesterol levels are generally higher in patients with intermit-
tent claudication than in those without lower extremity PAD
(38,52,55). Similarly, levels of LDL are higher and HDL lev-
els are lower in patients with lower extremity PAD than in
age-matched controls (40,54,56-58). Elevated levels of
triglycerides have been reported to be associated with lower
extremity PAD in some studies but not in others (59-63). The
relationship between hypertriglyceridemia and lower
extremity PAD usually remains intact, albeit with some
interstudy variability, when adjusted for the presence of other
risk factors (3,35,52).

Hypertension is associated with lower extremity PAD,
although the association is generally weaker than that with
cerebrovascular and coronary artery disease (35,54,63,64).
Hypertension increased the risk of developing lower extrem-
ity PAD in some studies but not in others (3,38,54,65). In the
Framingham Heart Study, hypertension increased the risk of
intermittent claudication 2.5- to 4-fold in men and women,
respectively, and the risk was proportional to the severity of
high blood pressure (37).

Elevated levels of homocysteine are associated with a 2- to
3-fold increased risk for developing atherosclerotic arterial
disease (66,67). The European Concerted Action Project has
estimated that fasting homocysteine concentrations greater
than the 80th percentile (i.e., greater than 12.1 micromoles
per liter) are associated with a 2-fold increased risk of ather-
osclerotic vascular disease, including PAD, coronary artery
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disease, and stroke, independent of traditional risk factors
(68). A meta-analysis of studies relating homocysteine to ath-
erosclerotic vascular disease found an odds ratio (OR) for
coronary artery disease and stroke of approximately 1.5 for
each 5 micromoles per liter increment in homocysteine level
and a comparable association with lower extremity PAD
(66). In one study, a 5 micromole per liter rise in total homo-
cysteine increased the risk of lower extremity PAD by 44%
(69). Approximately 30% to 40% of patients with lower
extremity PAD have high levels of homocysteine (5).
Elevated homocysteine levels are prevalent in both younger
and elderly patients with lower extremity PAD (70,71).
Approximately 25% of patients with intermittent claudica-
tion have plasma homocysteine levels exceeding the 95th
percentile (72). Hyperhomocysteinemia also appears to
increase the risk of progression of lower extremity PAD
(5,73). The etiologic role of homocysteine remains unknown,
because no positive homocysteine-lowering lower extremity
PAD interventional trials have been reported.

Elevated levels of C-reactive protein, a serological marker
of systemic inflammation, are associated with lower extrem-
ity PAD. Among previously healthy people participating in
the Physicians’ Health Study, there was a 2.1-fold increased
risk of developing lower extremity PAD in those men whose
C-reactive protein concentrations were in the highest quartile
(4). This study also noted that C-reactive protein levels were
higher in individuals who subsequently developed lower
extremity PAD and highest in those who ultimately required
vascular surgery (4). Moreover, in this study population, lev-
els of soluble intercellular adhesion molecule-1, a leukocyte
adhesion molecule that is upregulated by inflammatory
cytokines, were independently associated with the future
development of lower extremity PAD (74).

2.1.2. Prevalence

Lower extremity PAD is a common syndrome that affects a
large proportion of most adult populations worldwide
(35,54). The prevalence of lower extremity PAD has been
defined by a series of epidemiological investigations that
have used either claudication as a symptomatic marker of
lower extremity PAD or an abnormal ankle-to-brachial sys-
tolic blood pressure to define the population affected. In gen-
eral, the prevalence of lower extremity PAD is dependent on
the age of the cohort studied, the underlying atherosclerosis
risk factor profile of the cohort, and the presence of other
concomitant manifestations of atherosclerosis (e.g., clinical
coronary or cerebrovascular disease or past organ transplan-
tation) (35,54).

PAD can be present in subclinical forms that can be detect-
ed by use of sensitive vascular imaging techniques. Such
techniques may reveal early manifestations of arterial dis-
ease before it is detected by either limb pressure measure-
ments or clinical symptoms. When so defined, as, for exam-
ple, by measurement of the intimal-medial thickness in the
carotid or femoral artery, early forms of PAD are easily
detected in populations at risk. The Atherosclerosis Risk In
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Communities (ARIC) study surveyed 4 race and gender stra-
ta to demonstrate that mean carotid far-wall intimal-medial
thickness was consistently greater in participants with preva-
lent clinical cardiovascular disease than in disease-free sub-
jects. Similarly, the prevalence of cardiovascular disease was
consistently greater in ARIC participants with progressively
thicker intimal-medial thickness (75). These data document
the substantially greater arterial wall thickness observed in
middle-aged adults with prevalent cardiovascular disease.
As a symptomatic expression of lower extremity PAD,
claudication defines a subset of the total population with the
disease. The Framingham Heart Study initially described the
high prevalence of lower extremity PAD by assessing the
prevalence of claudication in a large cohort study of 2336
men and 2873 women between the ages of 28 and 62 years
who were initially assessed at standardized examinations
every 2 years since 1948 (76). The Rose claudication ques-
tionnaire was used to define the prevalence of intermittent
claudication as a marker of lower extremity PAD. This study
demonstrated that the annual incidence of lower extremity
PAD increased with age and in response to the prevalence of
atherosclerosis risk factors (76). The age-specific annual
incidence of intermittent claudication for ages 30 to 44 years
was 6 per 10000 men and 3 per 10000 women, and this inci-
dence increased to 61 per 10000 men and 54 per 10 000
women within the ages of 65 to 74 years. In this initial
Framingham cohort, the investigators noted that intermittent
claudication was twice as prevalent among men as among
women (76). A risk profile of age, sex, serum cholesterol,
hypertension, cigarette smoking, diabetes, and coronary
artery disease was associated with an increased risk of devel-
oping claudication. Male sex, increasing age, and smoking
conferred a 1.5-fold increased risk for developing intermit-
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tent claudication. Diabetes and stage 2 or greater hyperten-
sion were associated with more than a 2-fold increase in
intermittent claudication, whereas clinical evidence of coro-
nary artery disease almost tripled the risk (40).

Criqui and colleagues have evaluated the prevalence of
PAD among a population of 613 men and women in south-
ern California utilizing a battery of 4 noninvasive tests (the
Rose questionnaire, pulse examination, ABI, and pulse-wave
velocity) to assess the prevalence of lower extremity PAD
(77) (Figure 2). Use of the Rose questionnaire severely
underestimated the prevalence of lower extremity PAD,
which demonstrates the insensitivity of this tool to assess
true population rates for lower extremity PAD. Use of the
history and physical examination alone also was associated
with a low sensitivity for detecting lower extremity PAD
(78). Lower extremity PAD detection increased 2 to 7 times
over the detection rate of the Rose questionnaire when the
ABI (ankle-brachial index) and pulse-wave velocity tech-
niques were applied. On the other hand, an abnormal limb-
pulse examination overestimated the prevalence by 2-fold.
When the objective noninvasive ABI and pulse-wave veloc-
ity techniques were used, the prevalence of lower extremity
PAD in this population was 2.5% among individuals 60 years
and younger, 8.3% among those aged 60 to 69 years, and
18.8% among those 70 years and older (78).

The San Luis Valley Diabetes Study evaluated the preva-
lence of lower extremity PAD among diabetics in a Hispanic
and a white population (79). The abnormal ankle/arm ratios
used in this study were an ABI of 0.94 at rest, 0.73 after exer-
cise, and 0.78 after reactive hyperemia. The prevalence of
lower extremity PAD was 13.7% with this diagnostic criteria.
Notably, a history of intermittent claudication or an absent
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Figure 2. Prevalence of peripheral arterial disease (PAD) by age. Reprinted with permission from Criqui MH, Fronek A, Barrett-
Connor E, et al. The prevalence of peripheral arterial disease in a defined population. Circulation 1985;71:510-5 (77).
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Figure 3. Prevalence of intermittent claudication in various studies.

Reprinted from J Vasc Surg, 31, Dormandy JA, Rutherford RB,

for the TransAtlantic Inter-Society Consensus (TASC) Working Group, Management of peripheral arterial disease (PAD), S1-S296,

Copyright 2000, with permission from Elsevier (1).

pulse examination were uncommon findings within this pop-
ulation (79).

The Edinburgh Artery Study in 1988 randomly selected
1592 individuals aged 55 to 74 years with intermittent clau-
dication determined by the World Health Organization ques-
tionnaire, the ABI, and the hyperemia test. These participants
were followed up prospectively for 5 years for subsequent
cardiovascular events and death (80). The prevalence of
intermittent claudication was 4.5%, and the incidence was
15.5 per 1000 person-years (80). In individuals who were
symptomatic initially, 28.8% continued to have pain after 5
years, 8.2% underwent revascularization or amputation, and

1.4% developed ischemic ulcers. The prevalence of intermit-
tent claudication in a series of epidemiological surveys is
displayed in Figures 3 and 4.

Lower extremity PAD is also common in other populations
with a high prevalence of atherosclerosis risk factors, includ-
ing individuals in geriatric practices, long-term care facilities
(81,82), and the transplant population (83,84). In these
cohorts, lower extremity PAD alters quality of life and is
associated with adverse clinical outcomes.

The relevance of these epidemiological data to current
medical practice has been most recently assessed in both a
regional lower extremity PAD detection program (85) and a
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Figure 4. Mean prevalence of intermittent claudication in large population studies. Reprinted from J Vasc Surg, 31, Dormandy JA,
Rutherford RB, for the TransAtlantic Inter-Society Consensus (TASC) Working Group, Management of peripheral arterial disease

(PAD), S1-S296, Copyright 2000, with permission from Elsevier (1).
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national survey of lower extremity PAD in primary care
practices, the PAD Awareness, Risk and Treatment: New
Resources for Survival (PARTNERS) study (86). The PART-
NERS study was a large cross-sectional survey designed to
determine the prevalence of lower extremity PAD in
American primary care practices. This study used the ABI
technique in a targeted cohort of 6979 patients evaluated in
350 large-volume primary care practices in 25 American
cities. Patients 70 years and older or aged 50 to 69 years with
a history of cigarette smoking or diabetes were evaluated
prospectively during the course of routine office practice.
The diagnosis of lower extremity PAD was established by
either a prior chart diagnosis or by demonstration of an ABI
0f 0.90 or less during the study screening. By this technique,
lower extremity PAD was detected in a high fraction (29%)
of the study population. Within this population, 13% of these
patients had lower extremity PAD only, and 16% had both
lower extremity PAD and another form of atherosclerotic
cardiovascular disease (a clinical manifestation of coronary
artery disease, cerebrovascular disease, or aortic aneurysmal
disease). Although lower extremity PAD was prevalent in
this targeted population, the diagnosis was new in 55% of
those patients with PAD only and in 35% of patients who had
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both lower extremity PAD and cardiovascular disease. The
prevalence of tobacco use (23% current, 37% former),
hypertension (69%), hyperlipidemia (47%), and diabetes
(38%) was elevated in the lower extremity PAD-only cohort.
Comparable epidemiological surveys have now corroborated
these patterns of lower extremity PAD in essentially every
population studied (87-91). Thus, current epidemiological
and community survey data demonstrate a high prevalence
of lower extremity PAD in individuals in the United States,
Europe, and Asia that increases with advancing age and with
exposure to atherosclerosis risk factors.

2.2. Prognosis and Natural History

2.2.1. Coprevalence of Coronary Artery Disease
and Carotid Disease

The prognosis of patients with lower extremity PAD is char-
acterized by an increased risk for cardiovascular ischemic
events due to concomitant coronary artery disease and cere-
brovascular disease (35,92). These cardiovascular ischemic
events are more frequent than ischemic limb events in any
lower extremity PAD cohort (Figure 5) (93). There is approx-
imately a 2- to 4-fold excess of coronary artery disease and

I Natural History of Atherosclerotic Lower Extremity PAD Syndromes |

PAD Population (50 Years and Older)

v

: Initial clinical pr
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20%%-50% [ 40%-50% 10%-35% 1%-2%
Progressive | 1-year outcomes |
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v v v
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Figure 5. The natural history of atherosclerotic lower extremity peripheral arterial disease (PAD). Individuals with atherosclerotic lower
extremity PAD may be: (a) asymptomatic (without identified ischemic leg symptoms, albeit with a functional impairment); (b) present
with leg symptoms (classic claudication or atypical leg symptoms); or (c) present with critical limb ischemia. All individuals with PAD
face a risk of progressive limb ischemic symptoms, as well as a high short-term cardiovascular ischemic event rate and increased
mortality. These event rates are most clearly defined for individuals with claudication or critical limb ischemia (CLI), and less well
defined for individuals with asymptomatic PAD. CV indicates cardiovascular; MIl, myocardial infarction. Adapted with permission from
Weitz JI, Byrne J, Clagett GP, et al. Circulation. 1996;94:3026-49 (93).
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cerebrovascular disease in patients with lower extremity
PAD (35,92,94). The relative prevalence of coronary and
cerebral atherosclerosis depends on the criteria used to estab-
lish the diagnosis. Among patients presenting with lower
extremity PAD, approximately one third to one half have evi-
dence of coronary artery disease based on clinical history
and electrocardiogram and two thirds based on an abnormal
stress test. Significant coronary artery disease of at least 1
coronary artery has been reported in up to 60% to 80% of
those with lower extremity PAD (62,95-98). Approximately
12% to 25% of patients with lower extremity PAD have
hemodynamically significant carotid artery stenoses detected
by duplex ultrasound (99-101). In one study, approximately
one third of individuals with significant carotid artery steno-
sis had symptoms of cerebrovascular ischemia (100). The
severity of lower extremity PAD correlates with the severity
and extent of significant carotid artery stenosis (102).
Conversely, approximately one third of men and one fourth
of women with known coronary or cerebrovascular disease
also have lower extremity PAD (35). Thus, physicians caring
for patients with lower extremity PAD should be aware of the
frequent coexistence of coronary and cerebrovascular dis-
ease. Specific recommendations for screening for coronary
and cerebrovascular disease in the patient with lower extrem-
ity PAD are beyond the scope of this document.

2.2.2. Risk of Cardiovascular Events

As a consequence of coexisting coronary and cerebrovascu-
lar disease, there is an increased risk of MI, stroke, and car-
diovascular death in patients with lower extremity PAD.
There is a 20% to 60% increased risk for MI and a 2- to 6-
fold increased risk of death due to coronary heart disease
events (38,103-107). The risk of stroke is increased by
approximately 40%. In the ARIC study, men with lower
extremity PAD were 4 to 5 times more likely to have a stroke
or transient ischemic attack than those without lower extrem-
ity PAD, although in women, the association was not signif-
icant (108). In the Edinburgh Artery Study, lower extremity
PAD severity correlated with the incidence of transient
ischemic attack and stroke (103). The annual mortality rate
derived from epidemiological studies of patients with lower
extremity PAD is 4% to 6% and is highest in those with the
most severe disease (106,109-111).

In more contemporary published clinical trials, the annual
mortality rate of patients with lower extremity PAD is lower;
the combined event rate for MI, stroke, and vascular death is
approximately 4% to 5% per year and increases to 6% per
year if revascularization is included. Lower event rates in
clinical trial populations is likely due to both referral bias and
the higher standard of care inherent to the clinical trial envi-
ronment (98,112,113). The 1-year mortality rate in patients
with CLI is approximately 25% and may be as high as 45%
in those who have undergone amputation (106,114-117).
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2.2.3. Prognosis of the Limb

The prognosis of the limb is determined by the extent of arte-
rial disease, the acuity of limb ischemia, and the feasibility
and rapidity of restoring arterial circulation to the foot. For
the patient with chronic arterial occlusive disease and con-
tinued progression of symptoms to CLI (e.g., development of
new wounds, rest pain, or gangrene), the prognosis is very
poor unless revascularization can be established. For patients
with acute occlusive events (i.e., sudden embolic occlusion
of an extremity with little underlying arterial disease), the
long-term prognosis of the limb is related to the rapidity and
completeness of revascularization before the onset of irre-
versible ischemic tissue or nerve damage (see Section
2.6.3.2).

Few studies of the natural history of PAD have been per-
formed to objectively quantify disease progression.
Claudication symptoms usually remain stable and do not
worsen or improve at rapid rates (93). The temporal progres-
sion of symptoms across arterial beds in patients with known
atherosclerotic disease has also been studied on a limited
basis. A large series of patients with claudication have been
followed up with respect to their subsequent clinical out-
come in the study by Muluk et al., which has demonstrated
that many patients may present with claudication in the
absence of any coronary ischemic symptoms and that a his-
tory of angina and MI is not a useful predictor of death (118).
Moreover, in that study, a history of claudication, by itself,
was not an adequate predictor of major amputation risk after
10 years of follow-up. Additional studies in the same group
of patients demonstrated that 2 clinical factors, reduced ABI
and diabetes mellitus, were associated with the development
of ischemic rest pain and ischemic ulceration. These studies
suggested that other local pathophysiological factors (e.g.,
inflammatory factors and local plaque rupture) may be better
linked to the adverse clinical course of lower extremity
events experienced by some individuals with claudication.
Delineation of these factors will require future longitudinal
cohort studies.

2.3. Other Causes of Lower Extremity PAD

It is commonly assumed by both practitioners and patients
alike that atherosclerosis is the sole cause of both stenotic
and aneurysmal lower extremity PAD, because of the pre-
dominance of this particular etiology in the coronary circula-
tion. However, as noted in the introduction to this guideline,
PAD is caused by a diversity of etiologies beyond athero-
sclerosis. Thus, clinicians should be wary of assuming such
an origin in the absence of consideration of a broad differen-
tial diagnosis. Aneurysms may be associated with athero-
sclerosis or they may be due to underlying hereditary (famil-
ial) or acquired (e.g., due to smoking or trauma) etiologies.
Renal arterial disease may be due to atherosclerosis, FMD,
or arteritides. Lower extremity PAD may be atherosclerotic,
thromboembolic, inflammatory, or traumatic. It can be due to
aneurysmal disease, trauma, adventitial cysts, entrapment
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syndromes, or congenital abnormalities. Accurate diagnosis
and identification of the specific cause are necessary if indi-
vidual patients are to receive ideal pharmacological,
endovascular, surgical, or rehabilitative interventions. This
guideline has therefore been structured with an attempt to
ensure that the diverse spectrum of causes are considered for
each clinical manifestation of lower extremity PAD. Readers
should note that such a differential diagnosis varies by
anatomic site, patient demographic cohort, and clinical pres-
entation.

2.4. Clinical Presentation
2.4.1. Asymptomatic
RECOMMENDATIONS

Class I

1. A history of walking impairment, claudication,
ischemic rest pain, and/or nonhealing wounds is rec-
ommended as a required component of a standard
ROS for adults 50 years and older who have athero-
sclerosis risk factors and for adults 70 years and older.
(Level of Evidence: C)

2. Individuals with asymptomatic lower extremity PAD
should be identified by examination and/or measure-
ment of the ABI so that therapeutic interventions
known to diminish their increased risk of MI, stroke,
and death may be offered. (Level of Evidence: B)

3. Smoking cessation, lipid lowering, and diabetes and
hypertension treatment according to current national
treatment guidelines are recommended for individu-
als with asymptomatic lower extremity PAD. (Level of
Evidence: B)

4. Antiplatelet therapy is indicated for individuals with
asymptomatic lower extremity PAD to reduce the risk
of adverse cardiovascular ischemic events. (Level of
Evidence: C)

Class Ila

1. An exercise ABI measurement can be useful to diag-
nose lower extremity PAD in individuals who are at
risk for lower extremity PAD (Table 2) who have a
normal ABI (0.91 to 1.30), are without classic claudi-
cation symptoms, and have no other clinical evidence
of atherosclerosis. (Level of Evidence: C)

2. A toe-brachial index or pulse volume recording meas-
urement can be useful to diagnose lower extremity
PAD in individuals who are at risk for lower extremi-
ty PAD who have an ABI greater than 1.30 and no
other clinical evidence of atherosclerosis. (Level of
Evidence: C)

Class IIb
Angiotensin-converting enzyme (ACE) inhibition may
be considered for individuals with asymptomatic
lower extremity PAD for cardiovascular risk reduc-
tion. (Level of Evidence: C)
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The majority of individuals with lower extremity PAD do
not experience recognizable limb ischemic symptoms, and
by this definition, they are “asymptomatic.” However, the
classification of a patient as asymptomatic has traditionally
implied that the individual has neither (a) limb ischemic
symptoms nor (b) other “symptomatic” consequences of sys-
temic atherosclerosis. For the purposes of this guideline,
asymptomatic lower extremity PAD implies the absence of
classic leg claudication symptoms. As noted below, this def-
inition is under revision because data demonstrate that lower
extremity PAD, even without classic claudication, is often
associated with leg dysfunction, diminished functional sta-
tus, and increased cardiovascular ischemic risk. In other
words, individuals with classic asymptomatic lower extrem-
ity PAD have measurable limb dysfunction and adverse car-
diovascular outcomes. Individuals with asymptomatic lower
extremity PAD may also have other causes of leg pain (e.g.,
lumbar disk disease, spinal stenosis, sciatica, or radiculopa-
thy), muscle strain, neuropathy, or compartment syndrome.

Prevalence of Asymptomatic Lower Extremity PAD
by Traditional Epidemiological Classification

Intermittent claudication is the most common symptom in
patients with lower extremity PAD. Patient interviews, how-
ever, can be both an insensitive and poorly reproducible tool
to define lower extremity PAD symptoms. In epidemiologi-
cal surveys, population-based classification of lower extrem-
ity PAD symptom status is performed by use of standardized
questionnaires. These have traditionally included the World
Health Organization Rose questionnaire (119), the
Edinburgh Modification of the Rose questionnaire
(120,121), and others. Data from such surveys in both the
United States and Europe have demonstrated that asympto-
matic lower extremity PAD is 2 to 5 times more prevalent
than symptomatic lower extremity PAD.

Criqui et al. evaluated the prevalence of lower extremity
PAD and leg ischemic symptoms in an older population of
613 men and women in southern California, with an average
age of 66 years, using a battery of 4 noninvasive tests (seg-
mental blood pressure, Doppler-derived flow velocity, post-
occlusive reactive hyperemia, and pulse-reappearance half-
time) (77). In this survey, 11.7% of the population had large-
vessel lower extremity PAD on noninvasive testing, in which
“large-vessel” lower extremity PAD was equivalent to the
common ABI definition of lower extremity PAD. The preva-
lence of intermittent claudication in this population was
2.2% in men and 1.7% in women. Abnormal femoral or pos-
terior tibial pulses were present in 20.3% of men and 22.1%
of women. Thus, the fraction of individuals with intermittent
claudication dramatically underestimated the true prevalence
of lower extremity PAD. Moreover, use of the peripheral
pulse examination alone dramatically overestimated the true
prevalence of lower extremity PAD. Overall, symptomatic
lower extremity PAD was present in approximately one fifth
of the population with objective evidence of lower extremity
PAD. This study demonstrated that a high fraction of indi-
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viduals with lower extremity PAD does not have claudica-
tion, as classically defined.

The San Luis Valley Diabetes Study evaluated the preva-
lence of lower extremity PAD among diabetics in a Hispanic
and a non-Hispanic white population (79). In that study, the
diagnosis of lower extremity PAD was established by an ABI
of 0.94 at rest, 0.73 after exercise, and 0.78 after reactive
hyperemia. The prevalence of lower extremity PAD was
13.7% with these diagnostic criteria. In this population, a his-
tory of intermittent claudication was an uncommon finding.

The predominance of asymptomatic patients in lower
extremity PAD populations was also demonstrated in the
Rotterdam Study (40). The age- and sex-specific prevalence
of lower extremity PAD and intermittent claudication was
measured in a population-based study of 7715 elderly sub-
jects (40% men, 60% women) aged 55 years and older with
the ABI and the World Health Organization/Rose question-
naire, respectively. Lower extremity PAD was considered
present when the ABI was less than 0.90 in either leg. The
prevalence of lower extremity PAD was 19.1% (95% confi-
dence interval [CI] 18.1% to 20.0%): 16.9% in men and
20.5% in women. Symptoms of intermittent claudication
were reported by 1.6% (95% CI 1.3% to 1.9%) of the study
population (2.2% in men, 1.2% in women). Of those with
lower extremity PAD, 6.3% reported symptoms of intermit-
tent claudication (8.7% in men, 4.9% in women).
Conversely, the presence of claudication symptoms was also
an imperfect marker (i.e., had poor specificity) for lower
extremity PAD, because an ABI less than 0.90 was found in
only 69% of those with claudication symptoms. This study
confirmed that the vast majority of lower extremity PAD
patients have no classic claudication symptoms.

The Edinburgh Artery Study evaluated a cohort of 1592
individuals aged 55 to 74 years for the presence of intermit-
tent claudication and lower extremity PAD as determined by
the World Health Organization questionnaire, the ABI, and
assessments of reactive hyperemia. The prevalence of inter-
mittent claudication was 4.5%, and the incidence was 15.5
per 1000 person-years (120,121). In individuals who were
symptomatic initially, 28.8% continued to have pain after 5
years, 8.2% underwent revascularization or amputation, and
1.4% developed ischemic ulcers (121). Of those individuals
who were asymptomatic, 8.0% had advanced PAD with sig-
nificant blood flow impairment (120).

Asymptomatic Lower Extremity PAD, Limb
Symptoms, and Limb Function

These data on the prevalence of asymptomatic lower extrem-
ity PAD traditionally relied on survey instruments that clas-
sified all patients into 2 major categories (asymptomatic and
claudication). Yet, many individuals with lower extremity
PAD have leg symptoms that are atypical (e.g., the discom-
fort does not entirely resolve promptly with rest) owing to
comorbid conditions. In recognition of this clinical reality,
more recent lower extremity PAD symptom investigations
have used more sensitive and specific questionnaires that
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characterize symptoms within each limb and permit record-
ing of atypical leg pain. One such instrument is the Walking
Impairment Questionnaire (122). The San Diego claudica-
tion questionnaire is a standardized questionnaire based on
the Rose claudication questionnaire that is usually adminis-
tered by certified health interviewers. This questionnaire
allows for lateralization of leg symptoms (right, left, or both)
and categorizes leg symptoms as either classic claudication
(meeting all Rose criteria below), atypical leg pain that is
exertional (but does not meet all Rose criteria), or no leg
pain. The use of this tool in a community survey of nearly
7000 elderly, high-risk individuals in primary care practices
in the United States in the PARTNERS survey (86) demon-
strated a high lower extremity PAD prevalence of 29%; in
addition, leg symptoms were evaluated with the San Diego
questionnaire. Of those individuals in whom the only mani-
festation of atherosclerosis was lower extremity PAD (there
was no concomitant clinical evidence of other cardiovascular
disease), individuals were segregated into 2 cohorts based on
whether their personal physicians had established the lower
extremity PAD diagnosis before the performance of the ABI
measure during office-based lower extremity PAD screening.
Of those individuals with previously diagnosed lower
extremity PAD, 26% were asymptomatic, 62% had atypical
leg pain, and only 13% had typical claudication. Of those
individuals with newly diagnosed lower extremity PAD,
48% were asymptomatic, 46% had atypical leg pain, and
only 6% had typical claudication. In summary, the ratio of
leg symptoms in a population screened for lower extremity
PAD depends on the population surveyed, the symptom
assessment instrument used, and the inclusion of individuals
with previously established lower extremity PAD versus pre-
viously undiagnosed individuals. For most individuals with
lower extremity PAD in office practices, efforts to detect
early lower extremity PAD are likely to identify individuals
at high cardiovascular ischemic risk, who do not have classic
claudication, and in whom atypical leg symptoms are com-
mon.

With these more sensitive questionnaires and other tools
that assess leg function, it is now clear that individuals with
asymptomatic lower extremity PAD have a worse quality of
life and limb function than an age-matched cohort.
McDermott et al. evaluated the ABI and measures of upper
and lower extremity functioning in 933 women in the
Women’s Health and Aging Study (123). Within this cohort,
328 subjects (35%) had lower extremity PAD as defined by
an ABI less than 0.90. Asymptomatic lower extremity PAD
was common, with 63% of these individuals reporting no
exertional leg pain. However, even among these individuals
with asymptomatic lower extremity PAD, worsening of
lower extremity function was documented by a series of
objective measurements. Thus, individuals with a low ABI
but no claudication were characterized by a slower walking
velocity, poorer standing balance score, slower time to arise
from a seated position, and fewer blocks walked per week,
even after adjustments were made for age, sex, race, cigarette
smoking, and other comorbidities. Additional data have been
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reported by McDermott et al. from a cross-sectional study of
460 individuals with lower extremity PAD and 130 without
lower extremity PAD that provided a comprehensive classi-
fication of limb symptoms at rest and with exertion. In all
cohorts, including individuals with lower extremity PAD but
no limb symptoms either at rest or with exertion, decreased
functional status was documented (124). Newman et al. eval-
uated the 5888 individuals in the Cardiovascular Health
Study to corroborate that lower extremity PAD and leg pain
are coprevalent, that the standard Rose questionnaire under-
estimates the presence of leg symptoms, and that more sen-
sitive survey tools can better identify the functional impair-
ment experienced by these individuals (125). Overall, cur-
rent data document that lower extremity PAD is common,
that the traditional term “asymptomatic” may inaccurately
imply that limb function is normal, and that lower extremity
PAD is invariably and independently associated with
impaired lower extremity functioning.

Thus, most individuals with lower extremity PAD do not
have classic (typical) claudication but may have more subtle
impairments of lower extremity function. For these individ-
uals with asymptomatic lower extremity PAD, there is cur-
rently no evidence that additional vascular laboratory diag-
nostic tests (e.g., segmental pressure studies, duplex ultra-
sound, magnetic resonance angiography [MRA], or contrast
angiography) provide incremental information that can
improve outcomes. Similarly, there are no data that suggest
that limb arterial revascularization of these patients is asso-
ciated with any net improvement in limb function or limb
symptoms. As well, no clinical investigations have hereto-
fore been performed to evaluate the relative benefit of phar-
macological interventions on leg function in patients with
lower extremity PAD but without classic symptoms of clau-
dication.

Asymptomatic Lower Extremity PAD and
Cardiovascular Outcomes

Individuals with asymptomatic lower extremity PAD do not
enjoy a benign prognosis, because most have systemic ather-
osclerotic disease. Individuals with asymptomatic lower
extremity PAD are characterized by a risk factor profile com-
parable to that of those with symptomatic lower extremity
PAD (64,126). For example, the Limburg PAOD Study eval-
uated a cross section of 3650 subjects aged 40 to 78 years. In
that survey, patients with asymptomatic lower extremity
PAD had a risk-factor and comorbidity profile comparable to
that of symptomatic patients (64). Overall, the high preva-
lence of diabetes, a history of past or current smoking, hyper-
tension, and/or hypercholesterolemia placed such individuals
at a markedly increased risk of atherosclerotic ischemic
events, including MI and stroke (64,127), and higher degrees
of internal carotid artery stenosis (128,129). On the basis of
these data, current U.S. national hypertension and lipid treat-
ment guidelines include all patients with lower extremity
PAD, regardless of symptom status, as a high-risk category.
In these guidelines, all patients with lower extremity PAD
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should achieve risk reduction and specific treatment targets
comparable to individuals with established coronary artery
disease (129a,294).

Clinical Implications: Asymptomatic Lower
Extremity PAD in Office-Based and Community-
Based Detection Programs

In addition to individuals who have overt clinical lower
extremity PAD who present with claudication or more severe
limb ischemic symptoms, a larger cohort of individuals are at
risk for lower extremity PAD on the basis of their age and
risk factors. Individuals who are at risk include those 70
years and older, those 50 years and older who have a history
of any atherosclerosis risk factor (smoking, diabetes, hyper-
tension, or elevated cholesterol levels), and individuals with
diabetes who are 49 years old or younger who have such ath-
erosclerosis risk factors. Establishment of the lower extrem-
ity PAD diagnosis in these at-risk individuals has the poten-
tial to alter the intensity of treatment goals.

The ABI allows for lower extremity PAD detection at all
stages of the disease process; however, the ABI does not
always provide reliable data to detect lower extremity PAD,
as is more extensively reviewed in Section 2.5. For individ-
uals with noncompressible ankle arteries and ABI values
greater than 1.30, the toe-brachial index, pulse volume
recordings, and Doppler waveform measurements can pro-
vide diagnostic information to document the presence of
lower extremity PAD. For individuals at risk of lower
extremity PAD with borderline or normal ABI values (0.91
to 1.30), an exercise ABI test can also unmask the lower
extremity PAD diagnosis. Although these tests have been
demonstrated to be useful tools to accomplish lower extrem-
ity PAD detection, the impact of early PAD detection on
either limb or cardiovascular ischemic event outcomes or on
survival has not yet been evaluated in prospective trials. It
may not be possible to ethically design or complete these tri-
als, because the benefits of systemic atherosclerosis risk
reduction interventions (whether biobehavioral or pharmaco-
logical) have been established in other atherosclerotic syn-
dromes. In the absence of lower extremity PAD-specific
interventional data, it is imperative that individuals with
newly detected lower extremity PAD be provided with accu-
rate information regarding cardiovascular and limb ischemic
risk and be provided with access to individualized treatments
to diminish such risk.

The initial responsibility for the detection of lower extrem-
ity PAD should be with the primary care provider, because
such providers are best positioned to determine an at-risk
population and to initiate educational, lifestyle, and cardio-
vascular risk reduction therapies. Public screening programs
may also play a role in lower extremity PAD disease detec-
tion, especially if programs are directly linked to effective
educational and treatment interventions. Programs of lower
extremity PAD detection, whether applied in office practice
or in community-based detection programs, should ideally
utilize the epidemiological database to apply the detection
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tool to a population at risk. The most cost-effective tool for
lower extremity PAD detection is the ABI, which has been
used in numerous field surveys and cross-sectional practice
surveys, as cited in this guideline.

Office-Based Clinical History

The detection of lower extremity PAD requires the deliberate
collection of a vascular (lower extremity PAD) history and
review of systems (see Section 1.3, Vascular History and
Physical Examination). However, primary care clinicians
should not assume that patients with lower extremity PAD
and claudication will spontaneously offer a classic exertion-
al history of leg pain, just as patients with angina only rarely
offer a classic history of central chest pressure, accompanied
by a positive Levine sign (“a clenched fist placed over the
sternum to describe the location and squeezing quality of the
pain”). As well, clinicians should be aware that descriptions
of “claudication” may be atypical, including not only pre-
dominant exertional muscle symptoms but also symptoms
from concomitant diseases that can mask classic claudica-
tion. “Typical” lower extremity ischemic symptoms may
have such an indolent onset that patients attribute their exer-
cise intolerance to the deconditioning of aging and may not
bring this history as a chief complaint to their primary
provider. The exercise limitation may be noted first by a
spouse or other close family member rather than by the
patient. In this context, patients with lower extremity PAD
may be incorrectly assumed to be asymptomatic. Thus, a his-
tory of walking impairment or of other leg ischemic symp-
toms should usually be included in a standard ROS of
patients at risk for lower extremity PAD.

Use of Other Diagnostic Tools in Asymptomatic
Lower Extremity PAD Patients

As noted above, individuals without clinically evident lower
extremity PAD symptoms or associated cardiovascular
ischemic symptoms have not been shown to benefit from
more aggressive and costly efforts to localize lower extrem-
ity PAD anatomy (e.g., by use of duplex ultrasound or other
tools of the noninvasive vascular laboratory or by MRA or
other imaging techniques). In addition, there is currently no
evidence that patients with asymptomatic lower extremity
PAD benefit from the performance of other cardiovascular
risk-assessment tools (beyond establishment of the lower
extremity PAD diagnosis itself; e.g., by use of pharmacolog-
ical stress testing, coronary calcium scores, carotid intimal-
medial thickness studies, or coronary angiography). In the
absence of data suggesting that additional testing can further
stratify lower extremity PAD patients into a higher-risk
group or that these data offer treatment options beyond stan-
dard risk reduction interventions, such studies are not rec-
ommended.
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2.4.2. Claudication
RECOMMENDATIONS

Class I

1. Patients with symptoms of intermittent claudication
should undergo a vascular physical examination,
including measurement of the ABI. (Level of Evidence:
B)

2. In patients with symptoms of intermittent claudica-
tion, the ABI should be measured after exercise if the
resting index is normal. (Level of Evidence: B)

3. Patients with intermittent claudication should have
significant functional impairment with a reasonable
likelihood of symptomatic improvement and absence
of other disease that would comparably limit exercise
even if the claudication was improved (e.g., angina,
heart failure, chronic respiratory disease, or orthope-
dic limitations) before undergoing an evaluation for
revascularization. (Level of Evidence: C)

4. Individuals with intermittent claudication who are
offered the option of endovascular or surgical thera-
pies should: (a) be provided information regarding
supervised claudication exercise therapy and pharma-
cotherapy; (b) receive comprehensive risk factor mod-
ification and antiplatelet therapy; (c) have a signifi-
cant disability, either being unable to perform normal
work or having serious impairment of other activities
important to the patient; and (d) have lower extremi-
ty PAD lesion anatomy such that the revascularization
procedure would have low risk and a high probability
of initial and long-term success. (Level of Evidence: C)

Class I1I
Arterial imaging is not indicated for patients with a
normal postexercise ABI. This does not apply if other
atherosclerotic causes (e.g., entrapment syndromes or
isolated internal iliac artery occlusive disease) are sus-
pected. (Level of Evidence: C)

Claudication is defined as fatigue, discomfort, or pain that
occurs in specific limb muscle groups during effort due to
exercise-induced ischemia. Individuals with claudication
have sufficient blood flow so that limb ischemic symptoms
are absent at rest. With increased local muscular demand for
metabolic support during exercise, blood flow in individuals
with lower extremity PAD and claudication is inadequate to
meet this demand, and limb muscular fatigue and/or pain
results. Lower extremity ischemia is usually due to athero-
sclerotic lower extremity PAD and occasionally other caus-
es, including emboli, radiation arteritis, Buerger’s disease
(thromboangiitis obliterans), other arteritides, coarctation,
popliteal entrapment, cystic adventitial disease, FMD, and
trauma. Vascular claudication due to lower extremity PAD is
produced by exercise and is relieved with rest and is there-
fore traditionally referred to as “intermittent claudication,” or
simply “claudication.” The pathophysiology of claudication
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is considerably more complex than can be accounted for by
the supply—demand mismatch that results from stenotic dis-
ease itself (132). However, diagnosis and treatment can be
guided by an understanding of the lower extremity PAD arte-
rial anatomy.

The anatomic site of the arterial stenosis is often associat-
ed with specific leg symptoms. Occlusive disease in the iliac
arteries may produce hip, buttock, and thigh pain, as well as
calf pain. Occlusive disease in the femoral and popliteal
arteries is usually associated with calf pain. Occlusive dis-
ease in the tibial arteries may produce calf pain or, more
rarely, foot pain and numbness. The pathophysiology of clau-
dication is complex; it is not merely a response to limitations
in blood flow but also includes a wide range of skeletal mus-
cle (e.g., metabolic), neurological, and inflammatory effects
(132). Critical limb ischemia may cause rest pain, ulcera-
tions, or gangrene, as discussed in Section 2.4.3. The severi-
ty of the ischemia can be classified according to either the
Fontaine or Rutherford categories (Table 3). These cate-
gories are most commonly used in research settings but may
also have value in improving the clarity of communication of
lower extremity PAD severity within office practices and in
referral from primary practitioner to vascular specialist (1).

Vascular claudication must be distinguished from other ill-
nesses that cause exertional leg pain, which have been called
“pseudoclaudication.” These other causes include severe
venous obstructive disease, chronic compartment syndrome,
lumbar disease and spinal stenosis, osteoarthritis, and
inflammatory muscle diseases. Distinguishing features of
these various causes of leg pain are summarized in Table 4
(1). The clinical history should also include risk factors for
atherosclerotic disease, such as smoking, diabetes, hyperten-
sion, hyperlipidemia, and a family history of atherosclerotic
disease. In addition to the historical factors that distinguish
intermittent claudication from other causes of leg pain, the
physical examination should document the presence of
diminished pulses in the femoral, popliteal, posterior tibial,
and dorsalis pedis arteries. Signs of systemic atherosclerosis
(86), as a clue to a vascular cause of claudication, include
femoral bruits, which may be present owing to turbulence
from focal stenoses. Bruits may also be present in the carotid
arteries and renal arteries as a sign of systemic atherosclero-
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sis. Claudication is usually also associated with reduced
ankle blood pressures in the affected leg, which causes a
diminished ABI. Some patients may have normal ankle pres-
sures at rest with abnormal low ankle systolic pressures (and
thus low ABI values) detectable only after exercise (see
Section 2.5.4). Individuals with long-standing diabetes,
patients with chronic renal failure, and the very elderly have
densely calcified vessels that are poorly compressible and
may have spuriously high ankle pressures and ABI values.

The ABI should be measured in all patients with claudica-
tion. For individuals who present with classic claudication
and in whom the ABI is borderline or normal (0.91 to 1.30)
or supranormal (greater than 1.30), alternative diagnostic
strategies should be used, including the toe-brachial index,
segmental pressure examination, or duplex ultrasound, to
confirm the lower extremity PAD diagnosis (see Section
2.5). This strategy is necessary to distinguish claudication
from pseudoclaudication, provides an estimate of the overall
severity of occlusive disease in the extremity, and serves as a
baseline to assess temporal changes due to disease progres-
sion or intervention. The ABI correlates only weakly with
treadmill-based walking ability for any individual patient.
For example, some patients with a low ABI report minimal
walking impairment, whereas some with a higher ABI report
marked walking impairment (133). This is due at least in part
to the wide range of comorbidities that can coexist with inter-
mittent claudication in patients who have PAD (124).
Systemic atherosclerotic disease, medical comorbidities, and
back, hip, and knee symptoms may have a greater impact on
an individual’s quality of life th