
Vascular 
Medicine and 
Endovascular
Interventions
Edited by

Thom W. Rooke, MD
Consultant, Division of Cardiovascular Diseases and Head, 
Section of Vascular Medicine, Mayo Clinic; John and Posy 
Krehbiel Professor of Medicine, Mayo Medical School, 
College of Medicine; Rochester, Minnesota

Associate Editors

Timothy M. Sullivan, MD
Vascular and Endovascular Surgery, North Central Heart 
Institute, Sioux Falls, South Dakota

Michael R. Jaff, DO
Director, Vascular Medicine, Massachusetts General 
Hospital; Assistant Professor of Medicine, Harvard Medical 
School; Boston, Massachusetts





Vascular Medicine and
Endovascular Interventions



ii

The editors wish to dedicate this book to Jay Coffman, Norman Hertzer, Jack Spittell, Jesse Young, and the other members 
of the “Greatest Generation” of vascular physicians and surgeons. Without your guidance, patience, and mentorship, our 
participation in this fi eld would have been impossible.

Thom W. Rooke, MD
Timothy M. Sullivan, MD

Michael R. Jaff, DO

Dedication



Vascular 
Medicine and 
Endovascular
Interventions
Edited by

Thom W. Rooke, MD
Consultant, Division of Cardiovascular Diseases and Head, 
Section of Vascular Medicine, Mayo Clinic; John and Posy 
Krehbiel Professor of Medicine, Mayo Medical School, 
College of Medicine; Rochester, Minnesota

Associate Editors

Timothy M. Sullivan, MD
Vascular and Endovascular Surgery, North Central Heart 
Institute, Sioux Falls, South Dakota

Michael R. Jaff, DO
Director, Vascular Medicine, Massachusetts General 
Hospital; Assistant Professor of Medicine, Harvard Medical 
School; Boston, Massachusetts



ISBN 9781405158275
© 2007 Society for Vascular Medicine and Biology

All rights reserved. This book is protected by copyright. No part of it may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means—electronic, mechani-
cal, photocopying, recording, or otherwise—without the prior written consent of the copyright 
holder, except for brief quotations embodied in critical articles and reviews. Permission requests 
should be addressed to the Society for Vascular Medicine and Biology, 8830 Stanford Boulevard, 
Suite 306, Columbia, MD 21045.

Library of Congress Cataloging-in-Publication Data

Vascular medicine and endovascular interventions / edited by Thom W. Rooke, associate edi-
tors, Timothy M. Sullivan, Michael R. Jaff.
 p. ; cm.
 Includes bibliographical references and index.
 ISBN-13:  978-1-4051-5827-5
 ISBN-10:  1-4051-5827-1
 1.  Blood-vessels--Diseases--Examinations, questions, etc.  2.  Blood-vessels--Diseases--Treat-
ment--Examinations, questions, etc.  3.  Blood-vessels--Endoscopic surgery--Examinations, 
questions, etc.  I.  Rooke, Thom W.  II.  Sullivan, Timothy M. (Timothy Michael), 1959-   III.  Jaff, 
Michael R.  IV.  Society for Vascular Medicine and Biology.
 [DNLM:  1.  Vascular Diseases--therapy--Examination Questions.  
 WG 18.2 V3305 2007]

 RC691.V42 2007
 616.1’30076--dc22 2007008008

Care has been taken to confi rm the accuracy of the information presented and to describe 
generally accepted practices. However, the authors and publisher are not responsible for errors 
or omissions or for any consequences from application of the information in this book and 
make no warranty, express or implied, with respect to the contents of the publication. This book 
should not be relied on apart from the advice of a qualifi ed health care provider.

The authors and publisher have exerted efforts to ensure that drug selection and dosage set 
forth in this text are in accordance with current recommendations and practice at the time of 
publication. However, in view of ongoing research, changes in government regulations, and the 
constant fl ow of information relating to drug therapy and drug reactions, the reader is urged to 
check the package insert for each drug for any change in indications and dosage and for added 
warnings and precautions. This is particularly important when the recommended agent is a 
new or infrequently used drug.

Some drugs and medical devices presented in this publication have US Food and Drug Admin-
istration (FDA) clearance for limited use in restricted research settings. It is the responsibility of 
the health care providers to ascertain the FDA status of each drug or device planned for use in 
their clinical practice.



v

List of Contributors, vii
Acknowledgments, ix
Preface, xi

 1. Vascular Biology, 1

 2. Vasculitis and Connective Tissue Disease, 11

 3. Upper Extremity Arterial Disease: Raynaud 
Syndrome, Occlusive Arterial Diseases, and Thoracic 
Outlet Syndrome, 26

 4. Chronic Venous Disease and Lymphatic Disease, 44

 5. Thrombophilia, 59

 6. Venous Thromboembolism, 75

 7. Arterial Testing in the Vascular Laboratory, 92

 8. Venous Testing in the Vascular Laboratory, 109

 9. Perioperative Management of Vascular Surgery, 115

10. Unusual Vascular Diseases, 124

11. Leg Ulcerations, 141

12. Clinical Evaluation of Peripheral Arterial Disease—
Lower Extremity, 149

13. Lower Extremity Peripheral Arterial Disease: 
Natural History, Epidemiology, and Prognosis, 156

14. Medical Treatment of Peripheral Arterial Disease, 
163

15. Acute Arterial Disorders, 169

16. Aortic Aneurysms, 186

17. Aortic Dissection and Dissection-Like Syndromes, 
194

18. Renal and Mesenteric Artery Disease, 201

19. Carotid Artery Disease and Stroke, 212

20. Patient Selection and Diagnosis for Endovascular 
Procedures, 221

21. Endovascular Techniques I: Catheters and 
Diagnostic Angiography, 226

22. Endovascular Techniques II: Wires, Balloons, and 
Stents, 234

23. Aortoiliac Intervention, 239

24. Diseases of the Aorta, 244

25. Carotid Angioplasty and Stenting, 251

26. Endovascular Treatment of Renal and Mesenteric 
Arterial Stenosis, 259

27. Endovascular Therapy for Brachiocephalic Vessels, 
267

28. Endovascular Treatment of Lower Extremity 
Occlusive Arterial Disease, 277

29. Thrombolytic Therapy for Arterial and Venous 
Occlusive Disease, 285

30. Endovascular Treatment of Venous Disease, 293

31. Complications of Endovascular Procedures, 302

Answers, 313
Index, 321

Contents





vii

List of Contributors

J. Michael Bacharach, MD, MPH
Department of Cardiology, North Central Heart Institute; 
Department of Vascular Medicine and Cardiology, Avera Heart 
Hospital of South Dakota; Clinical Associate Professor, University of 
South Dakota School of Medicine; Sioux Falls, South Dakota

John R. Bartholomew, MD
Section Head, Vascular Medicine, Department of Cardiovascular 
Medicine, Cleveland Clinic Foundation, Cleveland, Ohio

Mark C. Bates, MD
Director, Circulatory Dynamics Lab, Professor, Department of 
Surgery, Robert C. Byrd Health Sciences Center of West Virginia 
University–Charleston Division; Charleston Area Medical Center; 
Charleston, West Virginia

Joshua A. Beckman, MD
Director, Cardiovascular Fellowship Program, Cardiovascular 
Division, Brigham and Women’s Hospital; Assistant Professor of 
Medicine, Harvard Medical School; Boston, Massachusetts

Haraldur Bjarnason, MD
Chair, Division of Vascular/Interventional Radiology, Mayo Clinic; 
Associate Professor of Radiology, Mayo Medical School, College of 
Medicine; Rochester, Minnesota

Daniel G. Clair, MD
Chair, Department of Vascular Surgery, Cleveland Clinic 
Foundation, Cleveland, Ohio

Anthony J. Comerota, MD
Director, Jobst Vascular Center, Toledo, Ohio; Adjunct Professor of 
Surgery, University of Michigan, Ann Arbor, Michigan

Mark A. Creager, MD
Director, Vascular Center, Professor of Medicine, Harvard Medical 
School; Simon C. Fireman Scholar in Cardiovascular Medicine, 
Brigham and Women’s Hospital; Boston, Massachusetts

Mark D. P. Davis, MD
Chair, Division of Clinical Dermatology, Mayo Clinic; Professor of 
Dermatology, Mayo Medical School, College of Medicine; Rochester, 
Minnesota

John A. Heit, MD
Consultant, Divisions of Cardiovascular Diseases, Hematology, and 
Laboratory Genetics, Mayo Clinic; Professor of Medicine, Mayo 
Medical School, College of Medicine; Rochester, Minnesota

William R. Hiatt, MD
Department of Medicine, University of Colorado School of 
Medicine; Section of Vascular Medicine, Divisions of Geriatrics and 
Cardiology, and the Colorado Prevention Center; Denver, Colorado

Michael R. Jaff, DO
Director, Vascular Medicine, Massachusetts General Hospital; 
Assistant Professor of Medicine, Harvard Medical School; Boston, 
Massachusetts

Scott Kinlay, MBBS, PhD
Director, Cardiac Catheterization Laboratory and Vascular 
Medicine, Veterans Affairs Medical Center; Director of Intravascular 
Imaging, Brigham and Women’s Hospital; Boston, Massachusetts

Alan B. Lumsden, MD
Department of Cardiovascular Surgery, Methodist DeBakey Heart 
Center, The Methodist Hospital; Professor of Surgery, Baylor College 
of Medicine; Houston, Texas

Jon S. Matsumura, MD
Division of Vascular Surgery, Associate Professor of Surgery, 
Northwestern University, Feinberg School of Medicine, Chicago, 
Illinois



List of Contributors

viii

Robert D. McBane, MD
Consultant, Division of Cardiovascular Diseases and Director, 
Thrombophilia Center, Mayo Clinic; Associate Professor of 
Medicine, Mayo Medical School, College of Medicine; Rochester, 
Minnesota

Mary M. McDermott, MD
Division of General Internal Medicine, Associate Professor of 
Medicine, Northwestern University, Feinberg School of Medicine, 
Chicago, Illinois

Ian R. McPhail, MD
Consultant, Division of Cardiovascular Diseases, Mayo Clinic; 
Instructor in Medicine, Mayo Medical School, College of Medicine; 
Rochester, Minnesota

Imran Mohiuddin, MD
Department of Cardiovascular Surgery, Methodist DeBakey Heart 
Center, The Methodist Hospital, Houston, Texas

Emile R. Mohler, III, MD
Consultant, Cardiovascular Medicine, Associate Professor 
of Medicine, University of Pennsylvania School of Medicine, 
Philadelphia, Pennsylvania 

Gregory L. Moneta, MD
Chief, Division of Vascular Surgery, Professor of Surgery, Oregon 
Health and Science University, Portland, Oregon

Jeffrey W. Olin, DO
Director of Vascular Medicine, Professor of Medicine, Zena and 
Michael A. Wiener Cardiovascular Institute, Mount Sinai School of 
Medicine, New York, New York

Eric K. Peden, MD
Department of Cardiovascular Surgery, Methodist DeBakey Heart 
Center, The Methodist Hospital, Houston, Texas

Suman Rathbun, MD
Department of Medicine, Cardiovascular Section, Associate 
Professor of Medicine, University of Oklahoma, Oklahoma City, 
Oklahoma

Michael Reardon, MD
Department of Cardiovascular Surgery, Methodist DeBakey Heart 
Center, The Methodist Hospital, Houston, Texas

Robert M. Schainfeld, DO
Chief, Section of Vascular Medicine, Assistant Professor of Medicine, 
Tufts University School of Medicine, Boston, Massachusetts

Roger F. J. Shepherd, MBBCh
Consultant, Division of Cardiovascular Diseases, Mayo Clinic; 
Assistant Professor of Medicine, Mayo Medical School, College of 
Medicine; Rochester, Minnesota

David P. Slovut, MD, PhD
Departments of Vascular Medicine and Cardiology, St. Mary’s/
Duluth Clinic Heart Center, Duluth, Minnesota

Timothy M. Sullivan, MD
Vascular and Endovascular Surgery, North Central Heart Institute, 
Sioux Falls, South Dakota

Paul W. Wennberg, MD
Consultant, Division of Cardiovascular Diseases, Mayo Clinic; 
Assistant Professor of Medicine, Mayo Medical School, College of 
Medicine; Rochester, Minnesota

Christopher J. White, MD
Chairman, Department of Cardiology, Ochsner Clinic Foundation, 
New Orleans, Louisiana

Brenda K. Zierler, PhD, RN
Associate Professor, Department of Biobehavioral Nursing and 
Health Systems School of Nursing, Adjunct Associate Professor, 
Health Sciences, University of Washington Medical Center, Seattle, 
Washington

R. Eugene Zierler, MD
Department of Surgery, Director, Vascular Diagnostic Laboratory, 
Professor of Surgery, University of Washington Medical Center, 
Seattle, Washington



ix

Acknowledgments

The editors wish to acknowledge the spectacular contributions of Alyssa C. Biorn, PhD (editor), Roberta Schwartz 
(project manager), Barb Golenzer (editorial assistant), Ann Lemke (proofreader), and Kelley Shook (secretary).





xi

Preface

Vascular medicine has been a relatively unknown specialty, historically limited to major academic medical centers. In 
these centers, vascular medicine has had a dominant role in the diagnosis and management of all aspects of non-cardiac 
vascular disease. As the population has aged, the prevalence of all vascular disorders has increased, along with the 
demand for clinicians dedicated to the clinical evaluation and management of these complex patients.

Before 2006, there were no standards defi ning the baseline level of knowledge and skill required for clinicians to 
demonstrate expertise. Recognizing this limitation, several members of the Society for Vascular Medicine and Biology 
(SVMB) organized a separate entity, the American Board of Vascular Medicine, whose sole charge is to develop and 
administer certifying examinations in general vascular medicine and endovascular medicine. The fi rst examination 
was offered in the fall of 2006.

Annual live board review courses presented the knowledge required for potential examinees before the examinations. 
However, it became readily apparent that the assembly of this information into one document would have tremendous 
value, not only for potential examinees, but also for physicians from other specialties who were interested in vascular 
medicine. This textbook has been born out of this need. It is our hope that this compilation of knowledge from experts 
in the fi eld will result in an expanded pool of skilled clinicians in vascular medicine, which will ultimately lead to better 
care for our patients.

Michael R. Jaff, DO, Associate Editor
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1 Vascular Biology

Scott Kinlay, MBBS, PhD, FACC, FRACP

cending aorta, help to cushion the stroke volume, decrease 
the work of ejection by the left ventricle, and maintain 
pressure during diastole. The smaller arterioles and resist-
ance arteries are able to regulate peripheral resistance by 
changing vascular smooth muscle tone to alter the lumen 
size.

• Elastic arteries (e.g., the aorta) cushion the stroke vol-
ume and reduce ventricular work

• Smaller, more muscular arteries regulate peripheral re-
sistance and blood fl ow

Endothelial Function

The healthy endothelium is an autocrine and paracrine 
organ that produces substances that decrease vascu-
lar smooth muscle tone and inhibit infl ammation and 
thrombosis. These substances include nitric oxide, pros-
tacyclin, other endothelium-dependent vasodilators, 
and plasminogen activators. In disease states or after 
injury by factors such as abnormal strain, temperature, 
or risk factors for atherosclerosis, the endothelium pro-
duces substances that increase vascular tone, promote in-
fl ammation, and enhance thrombosis. These substances 

“Vascular Biology” applies to processes affecting arter-
ies, veins, and other blood vessels. This chapter will focus 
on the physiology and pathophysiology of arteries. Vein 
function and dysfunction will be discussed in later chap-
ters.

Anatomy and Function of Blood Vessels in 
Health 

Arteries are grouped, in descending size, into large elastic 
arteries, smaller muscular arteries, and arterioles. Arte-
rioles regulate blood fl ow into the capillaries, which are 
endothelial tubes designed to facilitate the exchange of 
nutrients and byproducts of metabolism. Veins function 
as low-pressure reservoirs and return blood to the heart.

Arteries have three layers: the intima, media, and ad-
ventitia (Fig. 1.1). The intima consists of the vascular en-
dothelium, which is a single layer of cells and a thin layer 
of connective tissue, and is separated from the media by 
the internal elastic lamina made of elastin and fi brous tis-
sue. The media consists of fi brous tissue, vascular smooth 
muscle, and elastin; the media is separated from the ad-
ventitia by the external elastic lamina. The adventitia con-
sists of collagen and fi brous tissue that forms loose con-
nective  tissue.

Three Layers of Arteries

• Intima (single layer of endothelial cells)
• Media (vascular smooth muscle and connective tissue)
• Adventitia (loose connective tissue)

The connective tissue of large arteries contains more 
elastin, whereas smaller arteries have more collagen. The 
elastic properties of healthy large arteries, such as the as-

© 2007 Society for Vascular Medicine and Biology

Fig. 1.1 Diagram showing the three layers of an artery.
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include cytokines, growth factors, endothelins, and plas-
minogen inhibitors. 

• Endothelium is an autocrine/paracrine organ
• The endothelium produces substances that affect vascu-

lar tone, infl ammation, and thrombosis

Endothelium-Derived Vasodilators

The principal vasodilators produced by the endothelium 
include nitric oxide, prostacyclin, and endothelium-de-
rived hyperpolarizing factor (EDHF). Of these, nitric 
oxide has a central role in mediating many functions of the 
endothelium aside from vasodilation. 

Nitric Oxide

Nitric oxide is generated in the endothelium from the 
amino acid L-arginine by nitric oxide synthase (NOS). Ni-
tric oxide production is accelerated by several physiologic 
stimuli, including shear stress at the endothelial surface 
(from blood fl ow) and in response to thrombin, serotonin, 
and acetylcholine (Fig. 1.2). These stimuli activate NOS 
by several mechanisms, including phosphorylation of the 
enzyme, increased intracellular calcium concentrations, 
and binding of calmodulin. NOS associates closely with 
invaginations in the endothelial luminal surface called 

caveolae (Fig. 1.3). A specifi c caveolar protein, caveolin-1, 
inactivates NOS by competing for binding with the cal-
cium-calmodulin complex, which activates the enzyme.

Nitric oxide diffuses through the artery wall and enters 
vascular smooth muscle cells in the media, where it in-
creases the activity of guanylate cyclase and the concen-
tration of cyclic guanosine monophosphate (cGMP) (Fig. 
1.2). The increased level of cGMP relaxes vascular smooth 
muscle and leads to vasodilation. Because shear stress is 
related to blood velocity, increased blood velocity also in-
creases nitric oxide production and causes vasodilation, 
which in turn decreases blood velocity toward its original 
value. In contrast, decreased blood velocity decreases the 
stimulus for nitric oxide production, promotes vasocon-
striction, and thereby increases blood velocity back toward 
its original value. In this way, the endothelium regulates 
vasomotor tone so as to keep blood velocity and shear 
stress at the endothelial surface within a narrow range. 
This regulation prevents sluggish blood fl ow that might 
promote thrombus formation and high shear that could 
injure the arterial intima.

• Shear stress, thrombin, serotonin, and acetylcholine are 
some factors that stimulate NOS

• NOS resides in endothelial clefts called caveolae
• Nitric oxide diffuses through the artery wall to activate 

guanylate cyclase and increase cGMP, which relaxes 
smooth muscle and dilates arteries

Prostacyclin

Prostacyclin is another endothelial product that induces 

Fig. 1.2 The healthy endothelium responds to several different stimuli 

that increase nitric oxide (NO) production by increasing the activity of 

endothelial nitric oxide synthase (eNOS). eNOS function requires several 

cofactors, including tetrahydrobiopterin (BH4), NADPH (nicotinamide 

adenine dinucleotide phosphate), and calmodulin. NO diffuses across 

the artery wall to activate guanylate cyclase (GC) in vascular smooth 

muscle; GC converts guanosine triphosphate (GTP) to cyclic guanosine 

monophosphate (cGMP), which relaxes smooth muscle and causes 

vasodilation. (From Kinlay S, Selwyn AP, Ganz P. Endothelium as a target 

of the risk factors in cardiovascular disease. In: Panza JO, Cannon RO 

III, editors. Endothelium, nitric oxide, and atherosclerosis: from basic 

mechanisms to clinical implications. Armonk [NY]: Futura Publishing 

Company, Inc.; 1999. p. 227-41. Used with permission.)

Fig. 1.3 Nitric oxide synthase (NOS) is associated with luminal clefts on the 

surface of endothelial cells called caveolae. Caveolin-1 is a caveolar protein 

that inactivates NOS. The calcium-calmodulin complex competes with 

caveolin-1 for binding to NOS and activates NOS to produce nitric oxide 

(NO). (From Kinlay S, Libby P, Ganz P. Endothelial function and coronary 

artery disease. Curr Opin Lipidol. 2001;12:383-9. Used with permission.)
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arterial dilation. It is produced from arachidonic acid by 
cyclooxygenase in response to shear stress or certain fac-
tors that also increase nitric oxide production. Prostacyclin 
activates adenylate cyclase to increase production of cyclic 
adenosine monophosphate (cAMP). In most vascular beds 
prostacyclin has only a small role in regulating vasomotor 
tone, but it is more important in inhibiting platelet aggre-
gation.

• Prostacyclin activates adenylate cyclase to increase 
cAMP concentration

Other Endothelium-Derived Relaxing Factors

The existence of other endothelium-derived relaxing fac-
tors is supported by a residual vasodilation response to 
various stimuli after blocking nitric oxide and prostacyclin 
generation. One of these factors, EDHF, appears to be more 
important in the small arteries than the large conduit arter-
ies; however, the structure of EDHF has yet to be identi-
fi ed. The lack of consistent inhibitors of EDHF that can be 
safely used in humans has thwarted its clinical study.

• EDHF appears to be a more important vasodilator of 
small arteries than of conduit arteries

Endothelium-Derived Vasoconstrictors

Although several locally produced substances can cause 
vasoconstriction, most are platelet-derived products, in-
cluding serotonin and thrombin. However, the endothe-
lium also produces substances that constrict vascular 
smooth muscle, of which the most important is endothe-
lin.

Endothelin is one of the most potent vasoconstrictors 
known. It was fi rst discovered as a product secreted by 
endothelial cells. Endothelin is a peptide that is gener-
ated by successive cleavage of a large polypeptide (“big 
endothelin”) within the endothelium. Three isotypes of 
endothelin have been described (endothelins 1, 2, and 3); 
however, endothelin-1 is the most abundant in vascular 
tissue. Endothelin-1 is also produced by activated macro-
phages and vascular smooth muscle cells, particularly in 
atherosclerosis.

Endothelin acts on the endothelin A receptors on vas-
cular smooth muscle to stimulate vasoconstriction and 
vascular smooth muscle cell proliferation. Endothelin 
B receptors on the abluminal surface of endothelial cells 
mediate increased production of nitric oxide, but only in 
healthy cells. Nevertheless, the net action of endothelin-1 
is vasoconstriction in most vascular beds.

Stimuli for endothelin production include thrombin, an-
giotensin II, and epinephrine. The production of endothe-
lin is inhibited by nitric oxide and, conversely, endothelin 

inhibits the production of nitric oxide. Endothelin and 
nitric oxide participate in a “yin-yang” relationship to 
regulate vasomotor tone, with the net effect depending on 
the health of the endothelium.

• Endothelin-1 is one of the most potent vasoconstrictors 
known

• Endothelin-1 is produced by endothelial cells, activated 
macrophages, and vascular smooth muscle cells

• Endothelin-1 activates endothelin A receptors on vascu-
lar smooth muscle to stimulate vasoconstriction

Endothelium as a Regulator of Arterial 
Infl ammation

Nitric oxide also is important for regulating infl ammation 
associated with arterial injury. Nitric oxide inhibits the 
expression of monocyte chemoattractant protein (MCP)-
1 and macrophage colony-stimulating factor (M-CSF). By 
inhibiting the transcription factor NF-κB, nitric oxide pre-
vents the activation of several proatherogenic processes, 
including the expression of cellular adhesion molecules 
(Fig. 1.4). These processes are tightly controlled by the 
balance of antioxidants and pro-oxidant molecules in the 
cell. All stages of atherosclerosis exhibit activation of the 
endothelium, which releases the checks on the proathero-
genic processes to increase the recruitment of infl amma-
tory cells into the endothelium.

• Nitric oxide reduces infl ammation by inhibition of 
MCP-1 and activation of NF-κB

Endothelium as a Regulator of Arterial 
Thrombosis

The fi nal common pathway of many atherosclerotic pro-
cesses is thrombus and occlusion of the arterial lumen. 
The healthy endothelium produces several antithrom-
botic substances, including heparans and the fi brinolytic 
tissue plasminogen activator. In atherosclerotic arteries, 
the balance of tissue plasminogen activators to inhibitors, 
such as plasminogen activator inhibitor (PAI), is reversed. 
Other factors that promote thrombus formation include 
decreased nitric oxide concentration in platelets, which 
promotes platelet activation.

Atherosclerotic Risk Factors and 
Abnormal Vascular Biology

Endothelial injury is a hallmark of early atherogenesis. 
Although physical injury such as balloon angioplasty or 
hypertension can disrupt the endothelium, many of the 
conventional atherosclerotic risk factors initiate athero-
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sclerosis by disturbing the normal homeostatic functions 
of the endothelium and vascular wall. Pathologic studies 
have tended to divide the stages of atherosclerosis into 
lesion initiation, fatty streak, fi broproliferative atheroma, 
and advanced lesions. However, the cellular events that 
lead to atherosclerosis occur at different rates and to dif-
ferent extents in different arterial segments of different 
people.

Lesion Initiation

Endothelial Dysfunction

Endothelial dysfunction is an early feature of atheroscle-
rosis related to all of the conventional cardiovascular 
risk factors. This is primarily a functional disorder of the 
endothelium, wherein production and bioavailability of 
nitric oxide in the artery wall are decreased. Nitric oxide is 

decreased in regions of low shear stress, such as disturbed 
blood fl ow at bifurcations or bends in the artery. 

Low-Density Lipoprotein Retention and Oxidative 
Modifi cation

Low-density lipoprotein (LDL) cholesterol permeates the 
endothelial cell layer and enters the subendothelial cell 
matrix. Elevated plasma levels of LDL increase the rate of 
delivery and retention of LDL in the artery wall. Although 
very little of the circulating LDL is oxidized, once LDL is 
in the artery wall, reactive oxygen species deplete antioxi-
dants and oxidize fatty acids on the LDL surface. Elevated 
glucose levels can also lead to glycosylation of proteins 
in the artery wall and to advanced glycosylated end pro-
ducts (AGEs). Both modifi ed (oxidized) LDL and AGEs in 
the artery wall activate the overlying endothelial cells.

• Endothelial dysfunction is an early feature of athero-
sclerosis

• Endothelial dysfunction results in less nitric oxide in the 
artery wall

• High plasma LDL concentration increases retention and 
oxidation of LDL in the artery wall

• Elevated plasma glucose can lead to AGEs in the artery 
wall

• Oxidized LDL and AGEs activate endothelial cells

High-Density Lipoprotein and Reverse Cholesterol 
Transport

High-density lipoprotein (HDL) is a signifi cant protective 
factor for atherosclerosis. HDL contains several antioxi-
dants, including paraoxonase, which may prevent the 
oxidation of LDL cholesterol. 

Reverse cholesterol transport from peripheral tissues to 
the liver occurs by passive or active transport. HDL can 
absorb cholesterol passively from the plasma membrane 
of cells. Active transport occurs by interaction of apolipo-
protein A1 on nascent HDL with the ATP-binding cassette 
transporter A1 (ABCA1) on peripheral tissues, including 
macrophages. Cholesterol can be removed from mature 
HDL by HDL-specifi c scavenger receptors on the liver 
(SR-B1 receptor). Cholesterol in HDL may be exchanged 
for triglycerides in intermediate-density lipoprotein (IDL) 
by cholesterol ester transfer protein (CETP). Transferred 
cholesterol can be returned to the liver (uptake by the LDL 
receptor) or delivered to peripheral tissues. 

A rare genetic defect in apolipoprotein A1 (ApoA1 Mi-
lano) leads to very effi cient transfer of cholesterol from the 
ABCA1 transporter on peripheral tissues and is thought 
to accelerate reverse cholesterol transport. Recombinant 
forms of ApoA1 Milano can also enhance this effect and 
are being developed for therapeutic use. Partial inhibitors 

Fig. 1.4 The transcription factor NF-κB is kept inactive (by IκB) in the 

cytoplasm of healthy cells. Numerous activation signals, such as a decrease 

in nitric oxide bioavailability or increased oxidant stress, lead to activation of 

NF-κB, which then migrates to the nucleus and increases the transcription 

of many proinfl ammatory molecules. (From Barnes PJ, Karin M. Nuclear 

factor-κB: a pivotal transcription factor in chronic infl ammatory diseases. N 

Engl J Med. 1997;336:1066-71. Used with permission.)
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of CETP block cholesterol transfer from HDL to other lipo-
proteins and may also increase reverse cholesterol trans-
port with obvious therapeutic potential.

• HDL protects against atherosclerosis 
• HDL particles have antioxidants and promote reverse 

cholesterol transport
• HDL returns cholesterol to the liver by direct receptor 

uptake (SR-B1) and indirectly via transfer to IDL, which 
is taken up by the LDL receptor on the liver

• CETP inhibitors partially block cholesterol transfer 
from HDL to IDL and may increase reverse cholesterol 
transport

Endothelial Cell Activation and Cellular Adhesion 
Molecules

Endothelial cell activation and the progressive increase in 
reactive oxidant species in the artery wall (oxidant stress) 
inhibits the production of nitric oxide by endothelial cells 
and rapidly converts nitric oxide in the artery wall to in-
active metabolites such as peroxynitrate. The decrease in 
nitric oxide activates transcription factors such as NF-κB,
which move into the nucleus to increase the transcription 
of genes that produce cytokines and cellular adhesion 
molecules (CAMs) (Fig. 1.4).

CAMs, such as the selectins, intercellular adhesion 
molecule (ICAM), and vascular cell adhesion molecule 
(VCAM), are expressed on the luminal surface of endothe-
lial cells. They interact specifi cally with integrins expressed 
on the surface of monocytes and T cells (Fig. 1.5). Selectins 
bind to monocytes to promote a slow rolling of monocytes 
on the endothelial surface (rolling stage). Selectin bind-
ing is followed by fi rmer interactions between integrins 
and VCAM or ICAM (adhesion). CAMs, together with 
chemokines (e.g., MCP-1, oxidized LDL), then promote 
transmigration of the monocytes through the junctions 
between endothelial cells into the intima of the artery wall 
(migration) (Fig. 1.5). This process initiates and promotes 
infl ammatory cell recruitment into the wall.

• Activated endothelial cells exhibit increased activity of 
the proinfl ammatory transcription factor NF-κB

• CAMs, including selectins, ICAM, and VCAM, are ex-
pressed on the lumen surface of endothelial cells

• The sequence of leukocyte recruitment includes rolling 
(selectin binding), adhesion (CAM binding), and migra-
tion (CAM and cytokine assisted)

Fatty Streak

Like many other cell types, monocytes (which are recruited 
into the arterial intima and transform into macrophages) 

have LDL receptors that recognize native LDL and facili-
tate its uptake in a regulated fashion according to a cell’s 
needs. However, macrophages have scavenger receptors 
that recognize oxidized LDL; these have a central role in 
atherosclerosis because they allow the macrophage to take 
up LDL in an unregulated manner. Retention and oxida-
tion of LDL in the artery wall leads to engorgement of 
monocytes with oxidatively modifi ed LDL and to forma-
tion of foam cells, the hallmarks of the fatty streak (Fig. 
1.6). Activated monocytes amplify this process by express-
ing chemokines (MCP-1) and cytokines (M-CSF).

Foam cells also express angiotensin II receptors and 
are capable of promoting LDL oxidation. Angiotensin II 
increases the production of the free radical superoxide 
by stimulating oxidases on vascular smooth muscle cells. 
Thus, angiotensin II increases oxidant stress within the 
artery wall, which promotes atherogenesis.

The macrophage response to oxidized LDL forms part 
of the rapidly responding innate immunity. Scavenger 
receptors recognize a diverse range of ligands associated 
with pathogens and foreign bodies, and other features of 
the innate defense system, such as C-reactive protein and 
IgM antibodies to oxidized LDL, are found in atheroscle-
rotic plaques. Although these responses are necessary for 
eliminating pathogens, the macrophage response has del-
eterious effects—increased atherosclerotic risk factors.

Fig. 1.5 Recruitment of monocytes and lymphocytes into the vessel 

wall occurs by a coordinated process mediated by selectins (P-selectin, 

E-selectin) and cellular adhesion molecules (ICAM-1, VCAM-1) on the 

surface of activated endothelial cells. The three steps are rolling, adhesion, 

and migration of leukocytes. CCR, chemokine receptor; MCP, monocyte 

chemoattractant protein; M-CSF, macrophage colony-stimulating factor; 

oxLDL, oxidized low-density lipoprotein. (From Li AC, Glass CK. The 

macrophage foam cell as a target for therapeutic intervention. Nat Med. 

2002;8:1235-42. Used with permission.)
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• Monocytes recruited into a plaque mature into macro-
phages

• Macrophages engorge with modifi ed LDL by scavenger 
receptor uptake in an unregulated manner and become 
foam cells

• Chemokines (e.g., MCP-1) and cytokines (e.g., M-CSF) 
amplify this process

• Angiotensin II increases superoxide production on vas-
cular smooth muscle cells

Fibroproliferative Atheroma

Cytokines, growth factors, and the renin-angiotensin sys-
tem all stimulate growth of the plaque and the develop-
ment of more advanced atherosclerotic features.

Cytokines and Signal Amplifi cation

Monocytes recruited early into the plaque produce growth 
factors and cytokines that stimulate the recruitment of 
other cell types into the intima, including T cells, B lym-
phocytes, fi broblasts, and vascular smooth muscle cells. 
Neutrophils and granulocytes are not features of athero-
sclerosis. 

Smooth muscle cells migrate from the media into the 
intima and produce extracellular matrix molecules such 
as collagen I and III, fi bronectin, and proteoglycans. These 
molecules provide biomechanical strength, interact with 
integrins, and infl uence plaque stability.

• Monocytes, macrophages, T cells, B cells, fi broblasts, 
and smooth muscle cells are found in the fi broprolifera-
tive atheroma

• Smooth muscle cells produce collagen that provides 
biomechanical strength to the plaque

T Cell Entry

Lymphocytes interact closely with other cell types to in-
fl uence plaque development. Both T cells and B cells are 
recruited into atherosclerotic plaques and form part of 
the acquired immune response in atherosclerosis. Macro-
phages activate T cells by presenting antigens (e.g., oxi-
dized LDL) to specifi c T-cell receptors, with costimulatory 
signals produced by interactions between CD40 ligand 
and CD40 on both cells. Interferon-γ, produced by T cells, 
can regulate the expression of scavenger receptors on 
macrophages, inhibit the production of matrix by smooth 
muscle cells, and increase the expression of proteases such 
as metalloproteases that degrade collagen in the plaque.

• Macrophages activate T cells by presenting antigens 
(e.g., oxidized LDL) to T-cell receptors

• T cells produce interferon-γ, which inhibits matrix pro-
duction by smooth muscle cells and increases metallo-
protease production by macrophages

Neovascularization

Neovascularization heralds the development of more 
complex plaques that are associated with clinical events. 
In normal blood vessels, the vasa vasorum is confi ned to 
the adventitia and outer artery wall. During early athero-
sclerosis development, the vasa vasorum proliferates 
and forms a disordered network and ultimately extends 
through the media into the intima (Fig. 1.7). Neovascu-
larization of the intima is associated with focal collections 
of infl ammatory cells and may be a source of intraplaque 
hemorrhage that could contribute to plaque growth and 
stenoses.

• More complex plaques have disordered proliferation of 
the vasa vasorum

• Disruption of these vessels might contribute to intra-
plaque hemorrhage

Vascular Remodeling and Proteases

Extracellular matrix and collagen in plaque are susceptible 
to several proteases, including the metalloproteases, which 
are abundant in plaque, particularly with macrophages. 
Loss of nitric oxide and the oxidation of nitric oxide to per-
oxynitrate decrease the activity of the tissue inhibitors of 

Fig. 1.6 Foam cell formation and the migration of vascular smooth muscle 

cells (VSMCs) into the intima mark the beginning of the fatty streak. 

bFGF, basic fi broblast growth factor; EGF, epidermal growth factor; IGF-1, 

insulin-like growth factor-1; PDGF-BB, platelet-derived growth factor BB. 

(From Dzau VJ, Braun-Dullaeus RC, Sedding DG. Vascular proliferation and 

atherosclerosis: new perspectives and therapeutic strategies. Nat Med. 

2002;8:1249-56. Used with permission.)
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metalloproteases. The subsequent proteolysis of collagen 
and fi brous tissue in the plaque promotes plaque insta-
bility and the development of complex plaques with thin 
fi brous caps.

The activation of matrix metalloproteases may prevent 
the development of fl ow-limiting lesions in the early 
stages of atherosclerosis. During atherosclerosis develop-
ment, the artery remodels to accommodate the growing 
atherosclerotic plaque and enlarges to preserve the artery 
lumen (Fig. 1.8). This compensatory enlargement was ini-
tially described in cross-sectional pathologic studies and 
preserves the arterial lumen until plaque exceeds approxi-
mately 40% of the total cross-sectional area of the artery. 
Remodeling also occurs in the opposite direction (nega-
tive remodeling) and may contribute to stenoses that limit 
blood fl ow. Positive remodeling is associated with greater 
expression of matrix metalloproteases than negatively re-
modeled plaques.

Local blood fl ow and biomechanical forces may regu-
late vascular remodeling. Laminar fl ow tends to produce 
a greater shear stress on the surface of the endothelium 
than disturbed fl ow. Regions of low shear stress (on the 
outer aspects of a bifurcating artery) tend to have greater 
atheroma and endothelial cell activation than areas of 
higher shear stress. Areas of higher shear stress are also 
more likely to exhibit positive remodeling than areas of 
low shear stress.

• Oxidant stress and T cells stimulate macrophages to 
produce metalloproteases

• Metalloproteases break down collagen, a process that 
promotes plaque instability

• During the early stage of plaque growth, the artery is 
able to prevent lumen encroachment by compensatory 
enlargement (positive remodeling)

• Positive remodeling is associated with abundant ex-
pression of metalloproteases

• Negative remodeling (shrinkage of the lumen) prob-
ably contributes to the development of fl ow-limiting 
stenoses

Advanced Lesions

Chronic ischemic syndromes during exertion are related 
to fl ow-limiting stenoses, whereas acute ischemic syn-
dromes such as the acute coronary syndromes are more 
often related to thrombosis of disrupted plaques that 
are minimally narrowed. Several features of advanced 
plaques cause acute complications related to fl ow disrup-
tion.

Lipid Pool

Unregulated accumulation of cholesterol by macrophages 
and vascular smooth muscle cells leads to cell apoptosis 
and release of the cell contents into the extracellular space 
of the intima. Autopsy studies of acute coronary syndrome 
have generally identifi ed two types of culprit lesions. The 
most common form consists of a plaque with a necrotic 
lipid pool and an overlying thin fi brous cap that has frac-
tured (Fig. 1.9). These plaques typically rupture at the 
shoulder or edge, where biomechanical forces and infl am-
matory cell activity are concentrated. A smaller proportion 
of the lesions result from endothelial cell erosion without 
frank rupture of the plaque. Loss of endothelial cells can 
occur by apoptosis induced by infl ammatory mediators or 
by breakdown in the collagens that fi x endothelial cells to 
the underlying matrix.

• Apoptosis of macrophages and vascular smooth muscle 
cells contributes to the development of the necrotic lipid 
core of a plaque

Fig. 1.8 Compensatory enlargement of the artery accommodates 

atherosclerosis early in its natural history. However, once plaque exceeds 

approximately 40% of the cross-sectional area of an artery, there is no 

further enlargement of the vessel, and atherosclerosis encroaches on the 

lumen. (From Popma JJ, Sawyer M, Selwyn AP, et al. Lipid-lowering therapy 

after coronary revascularization. Am J Cardiol. 2000;86 Suppl 2:18H-28H. 

Used with permission.)

Fig. 1.7 Neovascularization of plaque occurs by disordered growth 

of penetrating arteries from the vasa vasorum and can potentially 

lead to intraplaque rupture. (From Moulton KS. Plaque angiogenesis 

and atherosclerosis. Curr Atheroscler Rep. 2001;3:225-33. Used with 

permission.)
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• Most plaques responsible for acute coronary syndromes 
feature a large lipid core and fracture of an overlying 
thin fi brous cap

• Endothelial cell erosion contributes to a smaller number 
of culprit lesions in acute coronary syndromes

Thrombosis

Thrombus occludes the artery lumen in some cases of 
plaque rupture and is the fi nal common pathway leading 
to acute ischemic syndromes. Disruption of the endothe-
lial layer exposes the subendothelial tissues and necrotic 
lipid core, both of which are highly thrombogenic. Tissue 
factor, a product of foam cells, is also abundant in the lipid 
core of ruptured plaques and promotes thrombus forma-
tion. The endothelium of advanced plaques is dysfunc-
tional and less able to produce nitric oxide, prostacyclins, 
tissue plasminogen activator, and heparan sulphate. De-
pletion of these substances activates platelets and throm-
botic pathways. Other factors that promote thrombus 
formation include increased vasomotor tone that may 
decrease blood fl ow and elevated circulating plasma PAIs 
(e.g., PAI-1). 

• Disruption of plaque exposes the underlying thrombo-
genic subendothelial tissues to blood

• Factors that contribute to thrombosis include vasomo-
tor dysfunction, elevated inhibitors of thrombolysis 
(e.g., PAI-1), and activation of platelets

Calcifi cation

Calcifi cation of the artery wall is a feature of advanced 
atherosclerosis. Calcifi cation is an active process closely 
related to remodeling in bone and may be related to intra-
plaque hemorrhage. Arterial calcifi cation is more often as-
sociated with stable plaques than with those with a greater 
infl ammatory component.

• Calcifi cation of arteries is an active process related to 
remodeling in bone

Asymptomatic Plaque Rupture

Asymptomatic plaque rupture with superfi cial thrombus 
is often seen at autopsy. Persons who die suddenly of an 
acute coronary syndrome due to an identifi ed ruptured 
plaque often have many more plaques that have ruptured 
and are clinically silent. Subclinical plaque rupture can 
contribute to the growth of atherosclerosis and the devel-
opment of fl ow-limiting lesions.

Risk Factor Modifi cation

Reversal of several risk factors for atherosclerosis decreas-
es the progression of atherosclerosis and the risk of clinical 
events. This risk reversal is best studied for LDL reduction 
by pharmacologic and non-pharmacologic means.

Decreasing LDL cholesterol levels by dietary and phar-
macologic methods improves endothelial function and 
promotes plaque stability. For example, intensive lower-
ing of LDL in humans by apheresis can rapidly improve 
endothelial vasomotor function within hours. LDL low-
ering also decreases the density and activity of infl am-
matory cells in plaque by decreasing recruitment and 
increasing apoptosis of infl ammatory cells. LDL lowering 
also inhibits various pro-thrombotic pathways, including 
the tissue factor pathway, within plaque. In most studies 
of LDL lowering, plaque regression is minimal, indicating 
that plaque stabilization is the main benefi t of lowering of 
LDL level.

• Risk factor modifi cation, particularly LDL lowering, im-
proves endothelial function, reduces infl ammation, and 
decreases pro-thrombotic factors in plaque

• LDL lowering has little effect on the size of atheroma but 
has important effects on plaque stabilization

Conclusion

Atherosclerosis is an active process that involves en-

Fig. 1.9 Advanced plaques include the “vulnerable plaque” with 

infl ammatory cell activity and a thin fi brous cap overlying a large lipid 

pool, which causes only minimal lumen narrowing. Plaques typical of 

stable exertional angina tend to be rich in fi brous tissue and calcium with 

a narrow lumen. SMC, smooth muscle cell. (From Libby P. Molecular bases 

of the acute coronary syndromes. Circulation. 1995;91:2844-50. Used with 

permission.)
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dothelial dysfunction, infl ammation, and thrombosis. An 
understanding of the cellular processes and the effects 
of therapies has in turn helped our understanding of the 
clinical complications and prognosis and has helped in 
the development of new treatment strategies designed to 
prevent clinical events.

Questions

1. Which of the following statements is most correct?
a. Endothelial cells migrate into the media during 

atherosclerosis initiation.
b. Nitric oxide is produced by endothelial cells.
c. Endothelin is a potent vasodilator.
d. Elastic arteries regulate peripheral resistance.
e. The adventitia contains abundant smooth muscle and 

connective tissue.

2. Which statement is false?
a. Prostacyclin inhibits platelet activation.
b. Nitric oxide inhibits many pro-infl ammatory path-

ways.
c. The endothelium produces tissue plasminogen acti-

vator.
d. LDL is oxidized in the artery wall.
e. HDL increases cholesterol deposition in peripheral 

tissues.

3. Which of the following statements is most true?
a. An increase in endothelial nitric oxide activates the 

transcription factor NF-κB.
b. ICAM is most responsible for monocyte rolling on 

endothelial cells.
c. The fatty streak is characterized by foam cells.
d. The chemokine MCP-1 blocks monocyte migration 

into the artery wall.
e. All of the above are true.

4. Features of advanced atherosclerotic plaques include:
a. Neovascularization of plaque
b. Lipid pools
c. T cells
d. Metalloproteases
e. All of the above

5. Which of the following statements are true?
a. Neutrophils are abundant in early atherosclerotic 

plaques.
b. T cells stimulate macrophages to produce metallopro-

teases.
c. Therapies that lower LDL cholesterol substantially 

decrease plaque size.

d. Calcifi cation of arteries generally occurs as a passive 
process of deposition.

e. Circulating PAIs such as PAI-1 are increased in pa-
tients with atherosclerosis and may promote throm-
bus formation.

6. Which of the following statements is most true?
a. Compensatory enlargement of atherosclerotic arter-

ies refers to the enlargement of the vessel lumen over 
time.

b. Laminar blood fl ow imparts a higher shear stress on 
the endothelium compared with regions of disturbed 
blood fl ow.

c. Negative remodeling of arteries contributes to the 
shrinkage of atherosclerotic plaques.

d. Metalloproteases are more often associated with 
atherosclerotic plaques in regions of negatively re-
modeled arteries.
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2 Vasculitis and Connective Tissue Disease*

Emile R. Mohler, III, MD

arteritis and Takayasu arteritis. Despite distinct clinical 
patterns, infl ammatory giant cells and mononuclear in-
fi ltrates characterize both conditions. Figure 2.1 shows 
a clinical algorithm for diagnosis and treatment of large 
vessel vasculitis. 

Temporal Arteritis

Temporal arteritis typically occurs in patients older than 
50 years, is three times more common in women than men, 
and is most common in whites. Clinical symptoms usually 
develop slowly and most characteristically manifest as ten-
derness, erythema, or nodularity over the temporal artery. 
Other symptoms include fever, headaches, polymyalgia 
rheumatica, jaw claudication, and visual loss. Branches of 
the carotid artery are often involved, but any large artery 
is susceptible. Important but uncommon cardiovascular 
complications are aneurysm or stenosis of the aorta or its 
main branches. 

Several fi ndings on physical examination are specifi c for 
temporal arteritis. Temporal or other cranial arteries may 
be tender, thickened, visibly swollen, and erythematous. 
Bruits may be heard on auscultation of the carotid or supra-

Vasculitis

The term vasculitis is defi ned as pathologic infl ammation 
and necrosis of blood vessels. Vasculitis is rare and may 
occur as a result of an unknown cause (idiopathic) or may 
be associated with an established disease (secondary). The 
cause of most vasculitides is thought to be either humoral 
or cellular immune–related injury. The infl ammatory re-
sponse can lead to narrowing or occlusion of the vascular 
lumen and ischemia of tissue supplied by a particular ves-
sel. Additionally, aneurysm and possible vessel rupture 
may occur. Clinical indicators of vasculitis include fever 
of unknown origin, unexplained arthritis or myositis, sus-
picious rash (i.e., palpable purpura), mono neuritis mul-
tiplex, and glomerulonephritis. Specifi c classifi cation is 
often diffi cult, however, because of overlapping patholog-
ic features and clinical symptoms and because the inciting 
antigen is unknown in most cases. Generally, vasculitides 
are classifi ed according to the size of the vessels involved 
and the histology of the infl ammatory cell infi ltrate (Table 
2.1).

• The cause of most vasculitides is thought to be humoral 
or a cellular immune–related injury 

• Generally, vasculitides are classifi ed according to the 
vessel size and the histology of the infl ammatory cell 
infi ltrate

Large Vessel Vasculitis

This group of vasculitides includes temporal (giant cell) 

*Portions of this chapter have been previously published in Mohler 
ER III. Vasculitis. In: Hiatt WR, Hirsch AT, Regensteiner J, editors. 
Peripheral arterial disease handbook. Boca Raton (FL): CRC Press; 
2001. p. 339-62. Used with permission. 
© 2007 Society for Vascular Medicine and Biology

Table 2.1 Vasculitis Classifi cation

Large vessel Temporal arteritis
Takayasu arteritis

Medium vessel Polyarteritis nodosa
Kawasaki disease

Small vessel Churg-Strauss syndrome
Hypersensitivity vasculitis
Wegener granulomatosis

 Behçet syndrome

From Mohler ER III. Vasculitis. In: Hiatt WR, Hirsch AT, Regensteiner J, 
editors. Peripheral arterial disease handbook. Boca Raton (FL): CRC Press; 
2001. p. 339-62. Used with permission.
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clavicular areas, over the brachial or axillary arteries, or 
rarely over the orbits. In patients with polymyalgia rheu-
matica, active range of motion of the shoulders, neck, and 
hips is limited because of pain. Approximately 15% to 20% 
of patients with temporal arteritis have mild to moderate 
synovitis, especially in the wrists and knees.

Diagnosis of temporal arteritis is made on the basis of 
several types of studies. Laboratory fi ndings may show 
elevated erythrocyte sedimentation rate, elevated C-reac-
tive protein, anemia, and thrombocytosis. Recent reports 
indicate that duplex ultrasonography of the temporal ar-
teries—showing a hypoechoic halo around the occipital 
artery along with scattered areas of increased peak systolic 
velocity—may be useful in the diagnosis of temporal ar-

teritis, but not all the reports are favorable. Angiographic 
examination of the aortic arch and its branches can show 
abnormalities among those with symptoms or fi ndings of 
large artery involvement. Computed tomography angiog-
raphy and magnetic resonance angiography can also de-
tect large artery involvement, but overall vascular changes 
are not defi ned as clearly as they are by traditional angiog-
raphy. Diagnosis is also suspected if biopsy results from a 
segment of the temporal artery are abnormal.

Treatment of temporal arteritis with corticosteroids 
(prednisone, 40-60 mg/d) should be initiated immediately 
after the diagnosis is made; to avoid the possibility of sud-
den blindness, corticosteroids can be initiated while the 
diagnosis is pending. Corticosteroids may be withdrawn 

Fig. 2.1 Treatment algorithm for suspected 

large vessel vasculitis. URI, upper respiratory 

infection. (From Mohler ER III. Vasculitis. In: 

Hiatt WR, Hirsch AT, Regensteiner J, editors. 

Peripheral arterial disease handbook. Boca 

Raton [FL]: CRC Press; 2001. p. 339-62. Used 

with permission.)
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slowly after clinical and laboratory fi ndings normalize. 
Levels of the cytokine interleukin-6 are elevated with 
disease symptoms and decrease with therapy. Temporal 
arteritis has a tendency to recur, and patients should be 
monitored closely for disease recurrence after remission.

Takayasu Arteritis

Takayasu arteritis is characterized by thickening and nar-
rowing of the arterial lumen, even to the point of critical 
stenosis, due to a pathologic infl ammatory response (Fig. 
2.2). Cardiovascular symptoms include hypertension, de-
creased peripheral pulses, and aortic regurgitation. This 
form of vasculitis is most commonly reported in young 
Asian women and primarily affects large vessels such as 
the aorta and its main branches. Hypertension may be 
secondary to coarctation of the aorta or to renal artery ste-
nosis.

The diagnosis of Takayasu arteritis is made by aortogra-
phy, which typically shows narrowing of affected arteries 
with a well-developed collateral circulation. The erythro-
cyte sedimentation rate, as a marker for disease activity, 
is not universally believed to be reliable. The response to 
therapy may be monitored by symptomatic improvement, 
duplex ultrasonography, or magnetic resonance imaging.

Glucocorticoids are considered the fi rst line of therapy 
for Takayasu arteritis; cytotoxic agents are added for ster-
oid-resistant patients. Invasive vascular procedures such 
as angioplasty, stent placement, and bypass surgery are 
reserved for patients in whom disease is refractory to 

medical management. Indications for invasive interven-
tion include 1) hypertension due to critical renal artery 
stenosis, 2) clinical features of cerebrovascular ischemia, 
3) extremity ischemia limiting normal daily activities, and 
4) cardiac ischemia due to coronary artery stenosis.

Cogan Syndrome

Cogan syndrome is a rare disease of young adults that is 
predominantly associated with interstitial keratitis and 
audiovestibular symptoms. However, up to 15% of pa-
tients can have vasculitis, usually manifested as aortitis or 
carditis. Most patients have a preceding upper respiratory 
tract infection with eye and ear manifestations. This syn-
drome is named after the ophthalmologist who described 
the ocular symptoms of interstitial keratitis, which can in-
clude decreased visual acuity, photophobia, and impaired 
lacrimation.

The pathologic fi ndings of aortitis associated with 
Cogan syndrome typically include a mixed infi ltrate of 
neutrophils and mononuclear cells with disruption of the 
elastic lamina and vessel wall necrosis. Aortic valve regur-
gitation may develop (in approximately 10% of patients 
with Cogan syndrome) due to infl ammation involving the 
valve cusps. In addition to aortic involvement, medium 
and small arteries can also become infl amed with scar tis-
sue development.

Many fi ndings are possible from the physical examina-
tion. Uveitis, optic neuritis, and scleritis can occur in con-
junction with the other ocular fi ndings. Audiovestibular 
dysfunction may occur in close temporal association with 
interstitial keratitis. Patients may have acute episodes sim-
ilar to Meniere disease, with symptoms of vertigo, nausea, 
vomiting, and tinnitus. Somatic symptoms include fever, 
myalgia, fatigue, or weight loss. The ocular and audio-
vestibular manifestations are thought to be mediated by 
organ-specifi c autoimmunity and are not necessarily a 
consequence of vasculitis.

Early use of corticosteroids is advocated to ameliorate 
the ocular and audiovestibular symptoms. Patients may 
require a hearing aid or cochlear implants because of 
sensorineural hearing loss. The symptoms of vasculitis 
are usually controlled with high-dose corticosteroids, but 
some patients require aortic valve replacement because of 
severe aortic regurgitation.

Large Vessel Vasculitis

• Temporal arteritis: 
• Typically occurs in patients older than 50 years, in 

women three times as frequently as in men, and in 
whites more often than other groups

• Corticosteroids (prednisone, 40-60 mg/d) should be 
initiated immediately after the diagnosis is made; if 

Fig. 2.2 Angiography of the aortic arch and great vessels showing the 

characteristic narrowing of Takayasu arteritis. (From Mohler ER III. Vasculitis. 

In: Hiatt WR, Hirsch AT, Regensteiner J, editors. Peripheral arterial disease 

handbook. Boca Raton [FL]: CRC Press; 2001. p. 339-62. Used with 

permission.)
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diagnosis is delayed, empiric use of corticosteroids 
should be strongly considered

• Takayasu arteritis:
• Glucocorticoids are considered the fi rst line of thera-

py, with the addition of cytotoxic agents for steroid-
resistant patients

• Cogan syndrome:
• A rare disease of young adults associated with inter-

stitial keratitis and audiovestibular symptoms
• 15% of patients can have vasculitis, usually mani-

fested as aortitis or carditis

Medium Vessel Vasculitis

Medium vessel vasculitides include polyarteritis nodosa 

and Kawasaki disease. Figure 2.3 shows a clinical algo-
rithm for diagnosis and treatment of medium vessel vas-
culitis.

Polyarteritis Nodosa 

Kussmaul and Maier fi rst described polyarteritis nodosa 
in 1866. It typically presents as a disseminated necrotizing 
vasculitis involving medium-sized and small muscular 
arteries. Various clinical features may be observed as a re-
sult of frequent multiorgan system involvement; the most 
common are glomerulonephritis, mesenteric ischemia, 
polyarthralgia, and overlap syndrome. Other features can 
include palpable purpura, new-onset hypertension, renal 
dysfunction, congestive heart failure, and scleritis. Hepa-

Fig. 2.3 Treatment algorithm for suspected 

medium vessel vasculitis. (From Mohler 

ER III. Vasculitis. In: Hiatt WR, Hirsch AT, 

Regensteiner J, editors. Peripheral arterial 

disease handbook. Boca Raton [FL]: 

CRC Press; 2001. p. 339-62. Used with 

permission.)
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titis B infection is reported in approximately 10% to 20% of 
patients with polyarteritis nodosa. 

The initial arterial injury is thought to begin in the in-
tima, which then progresses to focal transmural infl am-
matory necrosis. Infl ammatory destruction of the media 
may lead to aneurysm development (Fig. 2.4); aneurysm 
rupture is a reported source of morbidity and mortality. 
The diagnosis is usually made by biopsy of involved tis-
sue (which will show the changes noted above) or by ar-
teriographic documentation of mesenteric or renal artery 
aneurysms. The treatment of polyarteritis nodosa includes 
corticosteroids and the addition of cyclophosphamide in 
severe cases.

Kawasaki Disease

Kawasaki disease, also known as mucocutaneous lymph 
node syndrome, predominantly affects male children and 

was fi rst described by Tomisaku Kawasaki in 1967. Pa-
tients usually have unexplained fever for 5 or more days 
accompanied by at least four of the fi ve classic physical 
fi ndings: 1) rash; 2) peripheral extremity changes mani-
festing as erythema or edema of the palms or soles (acute 
phase) and periungual desquamation (convalescent 
phase); 3) bilateral conjunctival injection; 4) oral mucous 
membrane changes (fi ssured lips, injected pharynx, straw-
berry tongue); and 5) cervical lymphadenopathy. Some of 
the fi ndings of Kawasaki disease can appear similar to 
those of β-hemolytic streptococcal infection and measles. 
The disease can involve the large, medium, or small arter-
ies but is most notable for coronary artery involvement. A 
mononuclear infi ltrate with endothelial cell proliferation, 
elastic laminar disruption, and vessel wall necrosis is char-
acteristic of the arterial disease.

The laboratory fi ndings in Kawasaki disease can in-
clude anemia, neutropenia, and elevated platelet count. 
Electrocardiographic monitoring is important because 
carditis occurs in up to 50% of patients. Echocardiography 
is useful in diagnosing coronary artery aneurysms, which 
can occur within 2 weeks of disease onset. Ruptured coro-
nary aneurysms are rare, but myocardial infarction can 
result from coronary artery thrombosis. The treatment in-
cludes aspirin (80-100 mg/kg per day for 2 weeks) and one 
high-dose intravenous γ-globulin infusion (2 g/kg) given 
within the fi rst 10 days of illness. If echocardiography re-
sults are normal at 8 weeks, salicylates are discontinued; if 
echocardiography results are abnormal, salicylates should 
be continued for at least 1 year.

Medium Vessel Vasculitis

• Polyarteritis nodosa is a disseminated, necrotizing vas-
culitis involving medium-sized and small muscular 
arteries
• Infl ammatory destruction of the media may lead to 

aneurysm development
• Aneurysm rupture is a reported source of morbidity 

and mortality
• Hepatitis B infection is reported in approximately 

10%-20% of patients 
• Treatment includes corticosteroids, with cyclophos-

phamide added in severe cases
• Kawasaki disease can involve the large, medium, or 

small arteries but is most notable for coronary artery 
involvement
• Myocarditis occurs in up to 50% of patients
• Coronary artery aneurysms can occur within 2 weeks 

of disease onset
• Treatment includes aspirin for 2 weeks and a high-

dose intravenous γ-globulin infusion within the fi rst 
10 days of illness

Fig. 2.4 Radiographic contrast angiography of mesenteric arteries with 

the characteristic aneurysm seen in polyarteritis nodosa. (From Mohler ER 

III. Vasculitis. In: Hiatt WR, Hirsch AT, Regensteiner J, editors. Peripheral 

arterial disease handbook. Boca Raton [FL]: CRC Press; 2001. p. 339-62. 

Used with permission.)
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Small Vessel Vasculitis

Churg-Strauss Syndrome

Churg-Strauss syndrome, also known as allergic granulo-
matous angiitis, was initially described in 1951; it usually 
involves the small muscular arteries but also can involve 
medium-sized arteries. The syndrome usually involves 
eosinophilia and extravascular granulomas in patients 
with a history of allergic rhinitis, asthma, or both. How-
ever, the disease presentation can be variable and can 
occur without some of the classic fi ndings. The mean age 
of onset is 38 years with a male predominance.

Churg-Strauss syndrome typically occurs in three phas-
es. The initial phase is an allergic response manifested 
by allergic rhinitis, asthma, or both. The second phase 
involves blood eosinophilia with or without transient 
pulmonary infi ltrates (this may be indistinguishable from 
Löffl er syndrome). The third phase involves systemic 
necrotizing vasculitis. The asthmatic condition frequently 
remits during the onset of vasculitis but can occur again 
later in the disease.

Approximately 75% of patients have pulmonary infi l-
trates that can appear as patchy peripheral infi ltrates, hilar 
shadows, and even large pulmonary nodules. At least 50% 
of patients have upper respiratory symptoms including al-
lergic rhinitis and nasal or sinus polyposis. Skin manifesta-
tions can include palpable purpura with leukocytoclastic 
vasculitis. Granulomatous nodules can also develop on 
the skin. Some patients may have diarrhea secondary to 
eosinophilia infi ltration of the bowel wall with resulting 
bleeding and nodular masses that can cause gastrointes-
tinal tract obstruction. Bowel ischemia with perforation 
bleeding or colitis is reported and may be heralded by 
abdominal pain. The nervous system abnormalities that 
accompany Churg-Strauss syndrome can mirror those of 
polyarteritis nodosa and include mononeuritis multiplex, 
symmetric peripheral neuropathy, ischemic optic neuritis, 
and cranial nerve palsies. Cardiac involvement can lead to 
pericarditis or myocardial infarction. Patients sometimes 
also have urinary tract involvement or focal segmental 
glomerulonephritis.

The characteristic laboratory fi ndings in Churg-Strauss 
syndrome include fl uctuating levels of eosinophils and 
increased immunoglobulin (Ig) E levels. In addition, an-
tineutrophil cytoplasmic antibodies (ANCA) and anti-
bodies to myeloperoxidase may be found. A strong cor-
relation between disease activity and eosinophil count is 
reported. 

Diagnosis of Churg-Strauss syndrome relies on the 
clinical presentation, chest radiography, laboratory stud-
ies, and pathologic examination. Several diseases can 
mimic Churg-Strauss. The differential diagnosis includes 
Wegener granulomatosis (usually has a more destructive 

airway component without asthma), Löffl er syndrome, 
sarcoidosis, and allergic bronchopulmonary aspergillosis. 
Churg-Strauss vasculitis usually responds to cortico-
steroid administration. Most patients with disease remis-
sion have a mean survival of approximately 10 years. 
The mortality from this condition is usually secondary to 
pulmonary and cardiac failure. Patients with fulminating 
vasculitis should be given immunosuppressive drugs if 
corticosteroids are not successful.

Hypersensitivity Vasculitis

The hypersensitivity vasculitides are vasculitic diseases 
that previously were reported under various names, 
including cutaneous necrotizing vasculitis, allergic vas-
culitis, and leukocytoclastic vasculitis. These diseases 
characteristically involve infl ammation of small vessels 
(especially venules) with leukocytoclasis (nuclear debris) 
and cutaneous skin involvement. The clinical syndromes 
include serum sickness, drug hypersensitivity reactions, 
Henoch-Schönlein purpura, mixed cryoglobulinemia, 
and urticarial vasculitis (hypocomplementemic vasculi-
tis).

The onset of hypersensitivity vasculitis is usually abrupt 
and can occur in both sexes and all age groups. The cutane-
ous signs of hypersensitivity vasculitis can include palpa-
ble purpura (classic fi nding), petechiae, vesicles, urticaria, 
papules, pustules, necrotic ulcerations, and nodules. The 
skin lesions usually appear in groups and are symmetri-
cally distributed on dependent areas. The resolution of 
lesions can take up to 4 weeks, and hyperpigmentation or 
scars sometimes occur. Arthralgias or arthritis may devel-
op; the knees are most frequently involved, followed by 
ankles, wrists, and elbows. Muscular or nervous system 
involvement can also occur, usually in association with 
connective tissue diseases or cryoglobulinemia. Gastroin-
testinal tract involvement suggests Henoch-Schönlein 
purpura or vasculitis secondary to infl ammatory bowel 
disease. Renal involvement can also occur and should be 
suspected if hematuria is present. 

Laboratory fi ndings may include an elevated erythro-
cyte sedimentation rate with leukocytosis, eosinophilia, 
anemia, heme-positive stool, hematuria, proteinuria, 
cryoglobulinemia, hypocomplementemia, and abnormal 
liver or renal function tests. IgA-containing immune com-
plexes are characteristically found with Henoch-Schönlein 
purpura. Patients presenting with symptoms of hypersen-
sitivity vasculitis should be carefully evaluated for under-
lying systemic illness or exposure to an offending agent. 

The pathologic fi ndings in hypersensitivity vasculitis 
are necrotizing infl ammation of vessels less than 1 mm in 
diameter accompanied by polymorphonuclear cells (less 
frequently, lymphocytes), which is known as leukocytocla-
sis (destruction of cells with “nuclear dust”). The diagno-


