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Preface 

Irlflammntory Diseases of Blood Vessels is a comprehensive overview of the science and clinical 
consequences of vascular i n ~ ~ ~ i m a t ~ o n  in health a id  disease. Chapters cover basic topics that 
would be of interest to scientists and clinicians from a broad range of disciplines. 

Vascular inflammation has become of interest in atherosclerosis and myocardial infarction, 
as well as inany different forms of primary and secondary idiopathic systemic vasculitis. Diag- 
nostic methods and tools, as well as new d e v ~ ~ ~ p r n ~ n t s  in treatment, challenge practicing clini- 
cians in rheumatofogy, nephrology, pulmonotogy, clinical imtmology, cardiology, vascular 
medicine, cardiovascular surgery, and pathology. 

We have tried to serve all of these constituencies by reviewing accepted principles in the 
science of vascular diseases and clinical medicine, as well as including new in~orinati~n about the 
most promising areas of discovery that we hope will change the understanding and practice of 
medicinc in the future. 

To achieve our goals, we have selected contributors who are leading worldwide authorities 
in their fields. We have admired their work over the years and are very grateful for their help in 
making this volume comprehensive. We believe that this book will be a valuable and frequently 
used reference. 

The authors are indebted to our patients and colleagues who have helped to educate and 
nurture our appreciation of the mechanisms and clinical consequences of vascular inflammation. 

Anthony S. Fauci, M.D., Director of the National Institute of Allergy and Infectious Dis- 
eases, has played a major role in delineating mechanisms whereby immunosuppressive agents 
modulate immune responses and become effective therapies for formerly fatal inflammatory vas- 
cular diseases, It was in his program that one of us (GSH) was first exposed to an extraordinary 
spectrum of systemic vasculitides and provided with unique opportunities to study patients with 
a team of talented scientists. 

We are grateful to our students and fellows, who have trusted in our inentorship and have 
joined us in the pursuit of knowledge. Their work in the laboratory, where they explored with end- 
less enthusiasm the imiunopathology of vascular inflammation, has critically shaped our con- 
cepts and ideas. Their help will be needed in bringing molecular biology, genomics, and proteo- 
nomics to our patients. 

Gary S. Hoffman 
Cornelia M. Weyand 

V 



This Page Intentionally Left Blank



t S  

Preface 
Contributors 

1. Scientific Basis for Health and Disease 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

Vasculitis: A Dialogue Between the Artery and the Immune System 
Cornelia M. ~ ~ ? a i ~ d  

~ n ~ o ~ ~ ~ e l i a 1  Cell Adhesion Molecules 
Mariu Cinta-Cid, BEnncir Coil- Vinent, and fsabel Bietsa 

Extracellular Matrix 
Hyndu K. Kleinman, Katherine M. Mulindu, and M. Lourdes Ponce 

Autoantibodies in Vasculitis 
Cees G.M. Kdlenherg and Jan W. Cohen Tervaert 

T Cefts in Vascular Disease 
Jurg J. ~ o r o ~ ~ ~ ~ ~  

Nei~t rop~~i~s  in Vasculitis 
Edwin S.L. Chan and Bruce N.  Crnnsiein 

Oxygen Metabolites and Vascular Damage 
Thomas M. McIntyrc., Gopul K. Marathe, Guy A. Zimrnerman, and 
Stephen M.  Presrott 

~ . .  
ZZI 
xi 

1 

13 

29 

37 

57 

69 

83 



viii 

8. 

9. 

10. 

11. 

12, 

13. 

14. 

11. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

Cytokines and Vasculas Inttarnmatioii 
EEena Csemok and Wolfgang L. Gross 

Fc Receptors in Vascular Diseases 
Robert P ~ ~ ~ ~ e r ~ ~  

Infectious Aspects of Atherosclerosis 
~ a r ~ ~ u  f, S a ~ o l a ~ ~ ~ n ,  . ~ ~ 4 ~ ~ a  Ju~onen~ and Tafu J u ~ u ~ e r i  

CelluXar Immune Responses in Atherosclerosis 
Goran K. Hunssoia 

Coopemtive ~ o l e c u ~ a r  Interac~~oIis h the Regulation of A n ~ i ~ ~ g c ~ e s i s  
Loubna Hctssanieh und Peter C. Brooks 

Animal Models of V a s c ~ l ~ ~ ~ s  
Ulrich Specks 

Primary Vaseulitides 

Historical Perspectives 
Eric L. Matteson 

General Approach to the Diagnosis of Vasculi~is 
Brian E Mandell 

Histopathology of Primary Vasculitic Disorders 
Johunrzes Bjurnsson 

Noninvasive Radiographic Approach to Differentid Diagnosis 
of the Vasculitides 
Scotf fl. ~~a~~ and Richard D. W~~~~ 

Kawasaki Discase 
K w y l  S. Barron 

Ilenoch-Schoiilein Purpura 
Paul J. DeMarco and Ilona S. Szer 

Contents 

97 

t 13 

1 27 

141 

J 55 

175 

193 

209 

225 

239 

255 

267 

279 

305 

32 1 



Contents 

23. 

24. 

25. 

26. 

27 1 

28. 

29. 

30. 

31, 

32. 

33. 

34. 

35. 

36. 

37. 

Microscopic Polyangiitis: Pathogenesis 
Peter Heeringa, J. Charles Jennette, and Ronald J. Falk 

Microscopic Polyangiitis: Clinical Aspects 
Paul A. Bacon and Dwomna A& 

Wegener’s Cranulomatosis: Pathogenesis 
Puul Cockwell and ~ a ~ ~ i n e  U.S. Suvnge 

Wegener’s ~ranulama~osis: Clinical Aspects 
Guly S. Ho$nun and ~ o ~ f g u n ~  L. Gross 

C h ~ r g - S ~ a ~ ~ s s  S y n ~ o ~ e :  CIinieal Aspects 
Lo fc Guillevin, Frangois Lhore, and Pascal Cohen 

Giant Cell Meritis: Pathogenesis 
Cornelia M. Weyand and J8rg J. Gomnzy 

Giant Cell Arteritis: Cliiiical Aspects 
Gene G. Hunder and Robert M. Vnlente 

Takayasu’s Arteritis: Pathogenesis 
Y o . ~ h ~ n ~ r ~  Seku 

Takayasu’s Arteritis: Clinical Aspects 
Fgjio ~ u m u n o  

Takayasu’s Arteritis: Surgical Treatment 
Joseph M. Giordano 

Eehqet’s Disease 
Kenneth 7: Calamia and J. Desmond 0;OuJJj 

Cogan’s Syndrome 
Rex M. McCallurn, E. William St. Clair, and Barton E Haynes 

Vasculitis of the Central Nervous System 
Leonard H. Culabrese and George E Duna 

Cutaneous Vasculitis and Tts Relationship to Systemic Disease 
JeRrey F? Calten 

Thrombaangiitis Obliterms (Buergcr’s Disease) 
J e ~ r ~ ?  W Ulin and ~ r ~ ~ ~ r  ~ o ~ o ~ l n s  

ix 

339 

355 

365 

381 

399 

41 3 

425 

443 

455 

467 

473 

49 1 

511 

529 

539 



X 

III. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45 * 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

Contents 

Secondary Vaseulitides 

Virus-Associated Vasculitides: Pathogenesis 
Rocco Misiani 

Virus- Associated Vasculitides: Clinical Aspects 
Dirnitrios Vassilopoulos and Leonard N. Calabrese 

Vasculitis Secondary to Bacterial, Fungal, and Parasitic Infection 
Michael C. Sneller 

Vasculitis and Rheumatoid Arthritis 
Edward D. Harris, Jr: 

Systemic Sclerosis with Vascular Emphasis 
M. Bashar Kahaleh and E. Canvile LeRoy 

Sjogren’s Syndrome 
Robert 1. Fox, Paul Michelson, Joichiro Hayashi, and Toshiyaki Maruyama 

Vasculitis in Systemic Lupus Erythematosus 
David I? D’Cruz, Munther A. Khamashta, and Graham R.U Hughes 

Vasculitis in the Idiopathic Inflammatory Myopathies 
Chester I! Oddis 

Relapsing Polychondri t is  
Sudhakar 7: Sridharan 

Systemic Vasculitis in Sarcoidosis 
Karen E. Kendt and Gary S. Hornan 

Vasculitis and Malignancy 
Paul R. Fortin 

Drug-Induced Vasculitis 
Peter A. Merkel 

Inflammatory Aspects of Acute Coronary Syndromes 
Giovanna Liuzzo, Luigi M. Biasucci, and Attilio Maseri 

Dyslipidemia in Rheumatic Disorders 
Byron J. Hoogwevlf; Rossana Danese, and Alexandra Villa-Forte 

Considerations for Novel Therapies in the Future 
David Jayne 

553 

565 

599 

609 

619 

637 

649 

665 

67 5 

695 

707 

727 

747 

767 

781 

Index 799 



Contributors 

Dwomoa Adu, M.D., F.R.C.P. 
ton, Birmingham, England 

Consultant Nephrologist, Queen Elizabeth Hospital, Edgbas- 

Paul A. Bacon, M.D., F.R.C.P. (UK) Chairman, Department of Rheumatology, University of 
Birmingham Medical School, Birmingham, England 

Karyl S. Barron, M.D. Deputy Director, Division of Intramural Research, National Institute 
of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland 

Luigi M. Biasucci, M.D. Catholic University of Sacred Heart, Rome, Italy 

Isabel Bielsa Hospital Germans Trias i Pujol, Badalona, Spain 

Johannes Bjornsson, M.D. Consultant, Dcpartment of Laboratory Medicine and Pathology; 
Professor of Pathology, Mayo Medical School; Mayo Clinic and Mayo Foundation, Rochester, 
Minnesota 

Peter C. Brooks, Ph.D. University of Southern California School of Medicine, Los Angeles, 
California 

Leonard €I. Calabrese, M.D. Professor of Medicine and Vice Chairman, Rheumatic and Im- 
munological Diseases, Cleveland Clinic Foundation, Cleveland, Ohio 

Kenneth T. C a ~ ~ ~ ~ a ,  M.D. Department of ~ e u m a t o ~ o ~ ,  Mayo Clinic Jacksonvil~e, Jack- 
sonvilfe, Florida 

Jeffrey P. CaIlen, M.D. Professor of Medicine and Chief, Division of Dermatology, Univcrsity 
of Louisville, Louisville, Kentucky 

Edwin S.L. Chan, M.D., F.R.C.P.C. Department of MedicineRheumatology, New York Uni- 
vcrsity School or Medicine, New York, New York 

Maria Cinta-Cid, M.D. Department of Internal Medicine, Hospital Clinic i Provincial, 
Barcelona, Spain 

Paul cock we^^, Ph.L)., M.R.C.P. Depart~ent of ~ephrology, Queen ~ l i z a b e ~  ~ o s ~ ~ t a l ,  Bimi- 
ingham, England 

xi 



xii Contributors 

Blanca Coll-Vinent Hospital Clinic i Provincial, Barcelona, Spain 

Pascal Cohen, M.D. HGpital Avicenne, Bobigny, France 

Jan W. Cohen Tervaert, M.D., Ph.D. Professor, Clinical Immunology, University Hospital, 
Maastricht, The Netherlands 

Mary Frances Cotch, Ph.D. Program Director, Collaborative Clinical Research, National Eye 
institute, National Institutes of Health, Bethesda, Maryland 

Bruce N. Cronstein, M.D. Professor of Medicine, Department of MedicineRheurnatology, 
New York University School of Medicine, New York, New York 

Elena Csernok, Ph.D. Rheurnaklinik Bad Bramstedt GmbH, University of Lubeck, Bad Bram- 
stcdt, Germany 

Rossana Danese, M.D., F.A.C.E. Department of Endocrinology, Cleveland Clinic Foundation, 
Cleveland, Ohio 

David D’Cruz, M.D., F.R.C.P. Consultant Rheumatologist, The Lupus Research Unit, St. 
Thomas’ Hospital, London, England 

Paul DeMarco, M.D. Balboa Naval Medical Center, San Diego, California 

Michael J. Dillon, M.D., F.R.C.P. Professor of Medicine, Cardiothoracic Unit, Special Pedi- 
atric Unit, Hospital for Sick Children, London, England 

George E Duna, M.D., F.A.C.P. Clinical Assistagit Professor, Baylor College of Medicine, 
Houston, Texas 

Ronald J. Falk, M.D. Professor of Medicine and Chief, Division of Nephrology, Department 
of Medicine, University of North Carolina, Chapel Hill, North Carolina 

Scott I). Flamm, M.D. The Texas Medical Center, Houston, Texas 

Paul R. Fortin, M.D., M.P.H,, F.R.C.P. (C) Director of Clinical Research, Arthritis Center of 
Excellence, and Associate Professor of Medicine, University Wealth Network, University of 
Toronto, Toronto, Ontario, Canada 

Robert I. Fox, M.D., Ph.D. Division of Allergy and Rheurnatology, Scripps Memorial Wospi- 
tal and Research Foundation, La Jolla, California 

Joseph M. Giordano, M.D. Professor and Chairman, ~ e p a ~ r n e n t  of Surgery, George Wash- 
ington University Medical Center, Washington, D.C. 

Jorg J. Goronzy, M.D., Ph.D. Professor, Departments of Medicine and Immunology, Mayo 
Clinic and Mayo Foundation, Rochester, Minnesota 

~ o l € g ~ n g  L. Gross, M.D., Ph.D. Professor of Medicine, Rheumakl~nik Bad Bramstedt GmbH, 
University of Lubeck, Bad Bramstedt, Germany 



Contributors xiii 

Lok Guillevin, M.D. Professor of Medicine and Chairman, Department of Internal Medicine, 
H8pital Avicennc, tJniversit.6 Paris-Nord, Bobigny, France 

GSran K. Hansson, M.D., Ph.D. Professor, Center for Molecular Medicine and Department of 
Medicine, Karolinska Jnstitutet and Karolinska Hospital, Stockholm, Sweden 

Edward D. Harris, Jr., M.D. George DeForest Barnett Professor of Medicine, Department of 
MedicineRheumatology, Stanford University School of Medicine, Stan ford, California 

Loubna Hassanieh University of Southern California School of Medicine, Los Angeles, 
California 

Joichiro Nayashi, Ph.D. The Scripps Research Institute, La Jolla, California 

Barton F. Waynes, M.D. 
Duke University Medical Center, Durham, North Carolina 

Frederic M. Hanes Professor and Chair, Department of Medicine, 

Peter Heeringa, Ph.D. Department of Pathology and Laboratory Medicine, University of 
North Carolina, Chapel Hill, North Carolina 

Gary S. Hoffman, M.D. Professor of Medicine, Harold C. Schott Chair, and Chairman, De- 
partment of  Rheumatic and Immunologic Diseases, and Director, Center for Vasculitis Care and 
Rescarch, Cleveland Clinic Foundation, Cleveland, Ohio 

Byron J. Hoogwerf, M.D., F.A.C.P., F.A.C.E. Department of Endocrinology, and Director, In- 
ternal Medicine Residency Program, Cleveland Clinic Foundation, Cleveland, Ohio 

Graham R.V. Hughes, M.D., F.R.C.P. Professor of Medicine, Lupus Unit, St. Thomas' Hos- 
pital, London, England 

Gene G. H ~ d e r ,  M.D. 
o n ,  Mayo Clinic and Mayo Fo~tn~ation, Rochester, ~ inneso ta  

Professor of Medicine, Department of Internal Medicine/~e~matol-  

David J a p e  Consultant in Neplirology and Vasculitis, Department of Medicine, Adden- 
brooke's Hospital, Cambridge, England 

J. Charles Jennette, M.D. ~ r ~ n ~ h ~ ~ u s  Distinguished Professor and Chair, D e p ~ m e n t  of 
Pathtilogy and Laboratory Medicine, University OK North Carolina, Chapel Hill, North Cafolina 

Jukka Juvonen, MUDe, Ph.D. Chief, Department of Internal Medicine, Central Hospital of 
Kainuu, Kajaani, Finland 

B t u  Juvon~n, M.D,, Ph.D, Professor and Chai i~an,  Depiuhnent of Surgery, ~n ive r s i~y  of 
OU~LI, Oulu, Finland 

Cees G.M. Kallenberg, M.D., Ph.D. Professor, Clinical Immunology, University Hospital, 
Grotlingen, The Netherlands 

M. Bashar  aha ale^, M.D. Professor of R ~ e ~ ~ a t o ~ o g y ,  Department of ~ e d i c i n e ~  Medical 
College of Ohio, Tofedo, Ohio 



xiv Contributors 

~ ~ t h e r  A. Kham~hta,  MB., Ph.D., M.R.C.P. Deputy Director, Lupus Unit, St. Thomas’ 
Hospital, London, England 

Robert: P. Kimberly, M.D. Professor, Department of ~edicine/ClinicaI ImmunoIogy and 
Rheum~tology, University of Alabama at B i ~ i n g ~ a m ,  Rir~ingham, Alabama 

Hynda K, Kleinman, Ph.D. Research Chemist and Chief, Cell Biology, National lnstitute of 
Dental & Craniofacial Research, National Institutes of Health, Bethesda, Maryland 

E. Carwile LeRoy, M.D. Professor, Department of Microbiology and Imnmnology, Medical 
University of South Carolina, Charleston, South Carolina 

Frangois Ilhote, M.D. Hapita1 Avicenne, Bobigny, France 

Giovanna Liuzzo, M.D. Institute of Cardiology, Catholic University of Sacred Heart, Rome, 
Italy 

~ t h e ~ ~ ~ e  M. Ma~nda, Ph.D. N a ~ o n ~  Institute of Dentd & C i ~ n i ~ ~ d c i a l  Research, N a ~ i o ~ a ~  
Institutes of Health, Bethescld, Maryland 

Brian I?. Mandell, M.D., Ph.D. Education Program Director, Ftheumatic and Immunologic 
Diseases, Cleveland Clinic Foundation, Cleveland, Ohio 

Gopal K. Marathe, Ph.D. Human Molecular Biology and Genetics, Uniyersity of Utah, Salt 
Lake City, Utah 

Tashiaki Maruyama, M.D., Ph.D. The Scripps Research Institute, La Jolla, California 

Attilio Maseri, M.D., Ph.D. Professor, Institute of Cardiology, Catholic University of Sacred 
Heart, Rome, Italy 

Eric L. Matteson, M.D., M.P.H. Associate Professor, Division of Rheumalology, Department 
of Medicine, Mayo Clinic and Mayo Foundation, Rochester, Minnesota 

Rex M. McCallum, M.D. Associate Clinical Professor, Department of Medicine, Duke Uni- 
versity Mcdical Center, Durham, North Carolina 

Thomas M. McIntyre, Ph.D. Human Molecular Biology and Genetics, University of Utah, 
Salt Lake City, Utah 

Peter A. Merkeli, M.Eh9 M.P.W. Assistant Professor of Medicine, Rh~u~a to logy  Section, 
Boston U i ~ i ~ e ~ i t y  Scliool of Medicine, Boston, ~ a s s a c h u s e ~ s  

Paul Michelson, M.D. Scripps Memorial Hospital and Research Foundation, La Jolla, Cali- 
fornia 

Rncco Misiani, M.D. Director, Unit& Operativa di Medicina Intema, Ospedali Riuniti di Rer- 
gamo, Berganlo, Italy 

Fuji0 Numano, M.D., Ph.D. Professor, Third Department of Internal Medicine, Tokyo Med- 
ical and Dental University, Tokyo, Japan 

J. ~ ~ s ~ o ~ ~  0’D&fy9 M.D., F.R.C.P. Private Practice, Sarasota, Florida 



Contributors xv 

Chester V. Oddis, M.D. Associate Professor, Department of Medicine, University of Pitts- 
burgh School of Medicine, Pittsburgh, Pennsylvania 

Jeffrey W. Olin, D.O. Director, The Heart and Vascular Institute, Morristown, New Jersey 

M. Lourdes Ponce, Ph.D. National Institute of Dental & Craniofacial Research, National In- 
stitutes of Health, Bethesda, Maryland 

Stephen M. Prescott, M.D. Director, Huntsman Cancer Institute, University of Utah, Salt Lake 
City, Utah 

Jaya K. Rao, M.D., M.H.S. Assistant Professor, Department of Medicine, Duke University, 
Durham, North Carolina 

Karen E. Rendt, M.D. Education Program Co-Director, Department of Rheumatic and Im- 
munologic Diseases, Center for Vasculitis Care and Research, Cleveland Clinic Foundation, 
Cleveland, Ohio 

Caroline O.S. Savage, M.D., Ph.D., F.R.C.P. Professor, Department of Medical Sciences, 
University of Birmingham Medical School, Birmingham, England 

Markku J. Savolainen, M.D., Ph.D. 
University of Oulu, Oulu, Finland 

Professor of Medicine, Department of Internal Medicine, 

Yoshinori Seko, M.D., Ph.D. Research Associate, Department of Cardiovascular Medicine, 
University of Tokyo, Tokyo, Japan 

Prediman K. Shah, M.D. Shape11 and Webb Chair and Director, Cardiology and Atheroscle- 
rosis Research Center, Cedars Sinai Medical Center, and Professor of Medicinc, University of 
California, Los Angeles, California 

Michael C. Sneller, M.D. Chief, Immunologic Diseases Section, Laboratory of Immunoregu- 
lation, National Institute of Allergy and Infectious Diseases, National Institutes of Health, 
Bethesda, ~ a r y I a n d  

Ulrich Specks, M.D. Associate Professor, Division of Pulmonary and Critical Care Medicine, 
Mayo Clinic and Mayo Foundation, Rochester, Minnesota 

Sudhakar Sridharan, M.D. 
C h i c  F o u n ~ a ~ o n ~  Cleveland, Ohio 

Deparlment of Rheumatic and Immunologic Diseases, Cleveland 

E. William St. Clair, M.D. Associate Professor, Department of Medicine, Duke University 
Medical Center, Durham. North Carolina 

Anthony W. Stanson, M.D. Department of Radiology, Mayo Clinic and Mayo Foundation, 
Rochester, ~ inneso ta  

Ilona S. Szer, M.D., F.A.A.P., F.A.C.R. Director, Division of Pediatric Rheumatology, Chil- 
dren’s Hospital of San Diego, and Professor of Pediatrics, University of California School of 
Medicine, Sari Diego, La Jolla, California 

Arthur ~ o ~ o u l o s ,  M.D. D ~ p ~ ~ ~ ~ n t  of Vascular Medicine, Cleveland Clinic FouIid~ti~n, 
Cleveland, Ohio 



xvi Contributors 

Robert M. Valente, M.D. Arthritis Center of Nebraska, Lincoln, Nebraska 

Dimitrios Vassilopoulos, M.D. Department of Rheumatic and Immunologic Diseases, Cleve- 
land Clinic Foundation, Cleveland, Ohio 

Alexandra Villa-Forte, M.D. Department of Rheumatic and immunologic Diseases, Cleve- 
land Clinic Foundation, Cleveland, Ohio 

Cornelia M. Weyand, M.D., Ph.D. Barbara Woodw~d Lips Professor of ~ e d ~ c i ~ e  and Im- 
munology, Departments of Medicine and Immunology, Mayo Clinic and Mayo Foundat~on, 
Rochester, Minnesota 

Richard D. White, M.D., F.A.C.C. Head, Cardiovascular Imaging, Department of Radiology, 
Cleveland Clinic Foundation, Cleveland, Ohio 

Guy A. Zimmerman, M.D. Human Molecular Biology and Genetics, University of Utah, Salt 
Lake City, Utah 



Vasculitis: A Dialogue Between the Artery 
and the ~ r n ~ ~ n ~  System 

Cornelia M. Weyand 
Mayo Clinic and Foundation, Rochester, Minnesota 

I. INTRODUCTION 

Vasculitides are chronic inflammatory diseases in which blood vessel walls are targeted by an 
immune insult. For the last decadcs, necrosis of the vessel wall as well as thrombotic occlusion 
of the vascular lumen have been considered to be the ma-jor pathological pathways. The standard 
paradigm for the imnmnopathogenesis of inflammatory vasculopathics has centered around the 
assumption that endothelial injury is the leading event followed by the formation of inflammatory 
cell infiltrates within and around the vessel wall. It is now clear that this paradigm is oversimpli- 
fied. From advances in cell and molecular biology, immunology, and molecular genetics, several 
new key concepts have emerged that, when integrated with the clinical syndromes of vasculitis, 
will facilitate an explosion of new knowledge and improved patient care. 

One of the major revelations in vascular diseases is that the traditional separation of nonin- 
flammatory and inflammatory vasculopathies is incorrect. Atherosclerotic vascular disease, the 
underlying pathology for ischemic heart disease and stroke, is the leading cause of death and dis- 
ability in the Western world. There is plentiful evidence that inmune cells and inflaimatory path- 
ways participate in atherogenesis, particularly in the events leading to plaque rupture and acute 
ischemia. It has been proposed that inflammation is a critical component of atherosclerosis, bring- 
ing it in alignment with the classic vasculitides. 

Conceptually, the most important dcvclopments stem from the realization that the vascular 
pathology caused by inflammation results from contributions of both the attacking immune cells 
and the responding blood vessel wall. The vascular tissue is not merely an innocent bystander 
being insulted by immune-mediated effector mechanisms. Rather, the vessel wall serves as a 
“partner in crime” with an injury response program, providing protection and regeneration, but 
most importantly, also maladaptive responses. Both the immune insult and the blood vessel have 
significant effects on each other and have to be understood as an interactive unit. While the injury 
initiated by the immune reaction in and around the blood vessel wall is influential on the initia- 
tion of the disease, the reaction pattern of the attacked blood vessel is equally important in deter- 
mining whether the interaction between the immune system and the vasculature will be benefi- 
cially or detrimentally resolved. The importance of this concept is hcst exemplified by the 
hyperproliferative reaction of the intima, originally intended to repair tissue injury, but which 
leads to lumen occlusion and ischemia. 

1 



2 Weyand 

Most chapters in this book ~~gh l igh t  ind~vidLia1 coinponents of the i n f l ~ ~ a t o r y  infiltrates 
and blood vessel wall and their possible ~nvolvemeiit in disease. The purpose of this chapter i s  to 
focus on arteries, clinically the most relevant targets of vascular disease, and to draw attention to 
the key concept that the artery’s perspective is critical in modulating and controlling the disease 
process. Having accepted that the blood vessel contributes to pathology, it is evident that partic- 
ular features of this tissue will impact the outcome of vasculac inflanimation. Variations in the 
composition of different territories of the vascular tree should be refiectcd by heterogeneity of dis- 
ease and could provide an explanation for the fascinating clinical observation that consequences 
of vasculitis differ with the site, the size, and the number of affected vessels. The clinical rele- 
vance of this conceptually new view of‘ ~ n f l a ~ m a t ~ ~  blood vessel disease will be the abiliry to 
thera~eut ic~ly target not only the ~ u n e  system but also its “partner in crime.” 

!I. ~ ~ ~ ~ ~ T ~ ~ A L  SPECIFICS OF THE A ~ T E ~ I A L  WALL. 

To fulfill its role in transport, exchange, and vasomotor control, the arterial wall contains several 
cell types, arranged in defined wall layers, and a complex w a y  of extracellular matrix (Fig. I). 
In normal vessels, the lining of the lumen is fonned by a single-cell layer o T  endothelium, form- 
ing a nonadhesive and nonthrombogenic luminal surface. Lateral interactions between endothe- 
lial cells control transendothelial permeability and the extravasation of leukocytes from the blood 
into the surrounding tissue space. Extensive studies have demonstrated that the endothelid lining 
is an interface that is dynamic in nature and rapidly responds to stimuli received from the circu- 
lation and from neighboring cells and tissues (1). Besides its unique anatomical position between 
the circ~la~ion and the tissues, the cellular cons~l~uents of the endotheliu~n have been found to 
possess an ~i~pressive repertoire of ~unct~ons, In response to stimuli, they are capable of produc- 
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Figure 1 Structure of the arterial wall. The vessel wall of small to large arteries consists of three layers: 
intima, media. and adventitia. While this structural organizat~on is universal, arteries of different sizes and 
localizations differ in the cellular and the matrix components that form these layers. Therefore, inflamma- 
tory cells infiltrating into the arterial wall will encounter quite distinct microenvironments with implicatioris 
for the immune interactions defining the vascular disease process. Also, molecular heterogeneity among vas- 
cular beds shouid hw&te into differences of response patterns to the i n ~ ~ ~ a t o r y  attack. 
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ing effector molecules, such as nitric oxide, cytokines, growth factors, vasoactive pcptides, fibri- 
nolytic factors, and procoagulant md ant~coagulant substances (1,2>. Stimuli have been identified 
thal iiicrease the expression o€ adhesion molecules on the eiid~)thelial lining, regulating the 
process of leukocyte recruitment under physiological and pathological conditions (3,4), 

It is importan1 to realize that endothelial cells arc not limited to the arterial lumen hut also 
line the vasa vasonrm. The vascular wall is a relatively avascular tissue, comparable to cartilage 
that completely lacks vascularization. Oxygen and nutrients are delivered to the wall layers by 
~ f fus ion  from the lumen. Arteries reaching a critical wall thickness form a capillary network in 
the adven~tja. Wicther ~~aeroendothelial and ~ i c r ~ n d o t h e l ~ a l  cells play different roles in vas- 
culitis has not been finnly demonstrated, hut it is very likely that they are involved in different as- 
pects of the disease process and have different conti’ibutions in distinct vascular territories. 

Contractility of the vascular wall is a function of the medial layer, composed of vascular 
sltlooth muscle cells (vSMCs). A central premise of modern vascular bdogy i s  that vfMCs have 
the unique ability to switch from a contractile to a synthetic phenotype (5). Associated with this 
phencrtypic switch, vSMCs acquire migratory capability and begin to proliferate. Vascular smooth 
muscle cell migration, proliferation, and extracellular matrix production have been implicated as 
the critical steps in the formation of hyperplastic intima. The origin of the intirnal SMCs remains 
a matter of debate and the former paradigm that they derive from the medial layer has been chal- 
Ienged (6). With enornio~s flexibility in phenotype and function, vSMCs could also serve as part- 
ners in immune reactions. This concept has not been explored in vasculitic lesions. 

Inforniation is least available about the adventitia, a layer of soft tissue surrounding the ar- 
tery. This soft tissue has only been regarded as a passive structural support component of the vas- 
cular wall, but recent data suggest a possible active, if not central, role of the adventitial layer in 
atherogenesis and in vasculitis (7,8). Specifically, the advcntitia contains the capillary network of 
vasa vasomm, thus providing access to the arterial wall not only for macromolecular particles but 
also for immune cells. Accelerated growth and redistribution of microcapillaries in the adventitia 
has been implicated as an early event in atherogenesis. 

Functional aspects of the vascular wall in physiological and pathological situations cannot 
be separated from extracellular matrix proteins (9). Different compamnents of the wall contain 
various matrix types. The basement membrane matrix manufactured by endothelial cells is com- 
posed of laminin, type IV collagen, and heparin sulfate proleoglycan. Different sets of isoforms 
of these basic components arc used to assemble basement membranes surrounding the SMCs of 
the media. The media is characterized by sheets of collagenous and elastic tissues with particular 
concentration of elastin and fibrillin in the elastic laminae, and the matrix of the adventitia is en- 
riched for collagens (lo). Cell matrix interactions have been studied in the maintenance of the 
vascular structure and angiogenesis (I 1,12), but their involvement in vascular pathologies is not 
well understood. It can be expected that the molecular composition of the vascular wall has im- 
portant influence on how immune reactions evolve. 

111. TARGET-TISSUE SUSCEPTIBILITY NOT ALL ARTERIES ARE EQUAL 

A characteristic feature of vasculitides is their preference for defined vascular beds. The selectiv- 
ity of individual syndromes is clinically used, particularly when imaging techniques or sites for 
tissue biopsies are chosen. As an example, Takayasu’s arteritis targets the aorta and its primary 
branches. Giant cell asteritis (GCA), a closely related entity, can cause aortitis but consistently 
spares the primary branches and is essentially not found in the common carotid, innominate, 
proximal subclavian, visceral, or common iliac arteries. Giant cell arteritis classically manifests 
in the second- to fifth-order branches of the aorta with a strong preference for upper extremity and 
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cranial arteries. Once extracranial arteries penetrate into the skull, they no longer serve as a tar- 
get for GCA but appear to be protected from the disease. One obvious conclusion i s  that the abil- 
ity of the host to generate an immune response is not sufficient for disease initiation or progres- 
sion. But, how is the inflammation targeted? Specific features of the local environment must 
determine whether a particular vessel serves as a site for vasculitis. The factors predisposing ar- 
teries for inflammatory attack are incompletely known but variations in the cellular and molecu- 
lar composition of the vasculature cannot be without relevance (Table 1 and Fig. 1). 

Blood vessels in different territories are specialized and are able to adapt to unique condi- 
tions and requirements of the organs they supply (13,14). Differences in endothelial cell function 
in different rcgions are indicated by tissue-specific homing of lymphocytes ( I  5) .  Proof for bio- 
chemical differences of vascular beds has recently be provided by in vivo targeting experiments 
(16,17). In these experiments, peptide libraries expressed on the surface of a bacteriophage were 
used for in vivo targeting studies. The phagcs homed to organs, and different peptide motifs were 
recovered from each tissue. These data show that vasculature expresses organ- and tissue-specific 
heterogeneity and that molecular differences of blood vessels can serve as molecular addresses. 
It has also been suggested that the composition of matrix proteins varies in arterial territories (10). 

The f u ~ ~ e t i o n ~  relevance of vasa vasorurn in p r o ~ ~ n ~  access to the arterial wall for in- 
f l a ~ a t o ~  cells raises the possibility that the arrangement of these i n i ~ r o c ~ p i 1 1 ~ ~  vessels is a 

are an emerging field of investigation and technologies are being developed that will allow for rhe 
construction of three-dimensional maps of adventitial vasa vasorum (18). 

Additional variability in arterial wall components is introduced by the vSMCs (1 4). Smooth 
muscle cells of the blood vessel and gut arise from the mesenchyme ( 1  9). However, differences 
in lineage exist. In the head and neck, the mesenchyme derives from the ectoderm, suggesting that 
SMCs in these regions are genetically distinct. Support for this model has come from the demoa- 
stration that cultured mesoectdermal SMCs have unique properties, such as increased produc- 
tion of elastin (20). Smooth muscte cells of m e s ~ e c t o d ~ ~ a l  oiigin may react differen~ly from 
fhose of m e s ~ e ~ a l  origin, providing a clue for the targeting of GCA to head and neck arteries, 

Data have now accumulated that in at lcast some of the arteritides antigen-specific immune 
responses occur in the arterial wall (21 j. In this disease concept, availability of eliciting antigen 
could contribute to target-tissue suseep~b~lity in meritis (see Table 1). Differences in the com- 
position of the arterial wall could alter thc spectrum of autoantigens. Alternatively, exogenous 
antigens could specifically infect tissue-residing cells represented in restricted areas. No experi- 
mental data are available that this is the case. Even for vasculitides associated with infectious dis- 
eases, such as hepatitis C ,  it has not been unequiv~ally documented that antigen is recognized at 
the site of vascular inflammation. 

defining factor in arterial vulnerability. Studies on the structure and distribution of vasa \aL ' corum 

Table I Possible ~echanisms of Target-Tissue Suscep~ibi~i~y in Vasculitis 

Vdriable spectrum of autoantigens expressed by vessels in different temtorics 
Diversity in the vascuix wall microenvironment 

H e t ~ r o ~ e n e i ~  of endotheli~ cells represented in different vascular ~ e r ~ t o ~ e s  
Vafiatioiis in the extracellular matrix protcins cxpressed by different vascular beds 
Differences in the distribution of vasa vasorum 
Variability in vascular smooth muscle cclXs 

Targeting of different cell populations 
Variations in the expression of cellular receptors 
Diverse reaction pattcrn of infected cells 

~e~erogen~ity in the susceptibi~i~y of vascular waI1 cells toward infections 
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Differential vulnerability of  arterial territories is not limited to the primary vasculitides but 
also holds for atherosclerotic disease. Atherosclerosis is now considered an inflammatory disor- 
der (221, and a purely ~ e c h ~ c ~  view of o b s ~ c t i v e  arterial disease due to atheroma f o ~ a t i o n  
is being abandoned. Arterial occlusive disease in patients with atherosclerosis can be widespread, 
involving the coronary, cerebral, and peripheral circulation. However, it is not unusual that clini- 
cally significant disease, particularly acute clinical complication, occurs in patients with disease 
limited to a certain territory. It i s  also notable that the m a m m ~  and gas~roepiploi~ arteries re- 
main free of disease, even in hosts with severe atherosclerosis, allowing them to be used in coro- 
nary bypass surgery. 

IV. CELLULAR INTERACTIONS IN THE INFLAMED ARTERIAL WALL 

Pathological events in the blood vessel wall not only display selectivity for a vascular bed but they 
also acquire a distinct topography within the different regions of the wall. Lesions of atheroscle- 
rosis are strictly limited to the intima. Other parts of the arterial wall participate, but it is now clear 
that different tissue structures serve different functions. A detailed picture of thc involvement of 
different layers of the arterial wall in vasculitis has been gathered for GCA (Fig. 2) (23). The un- 
derlying principle implies that arterial cells have means of communicating to invading cells where 
they are, where to go, and what to do, thereby inducing specific response patterns in the resident 
cells. 

Inflammatory lesions in GCA are composed of T cells, most of which are CD4 T cells, and 
macrophages. €3 cells are rare, if not absent, from the vascular infiltrates (24). Activated forms of 
macrophages give rise to granulomas; macrophage polykaryons, multinucleated giant cells, are 
often found. Histomorphological hallmarks of GCA include granuloma formation, predorni- 
nantly in the media, and fragmentation of the elastic laminae at the adventitial-medial and me- 
dial-intimal borders (25). Multinucleated giant cells are known to have a tendency to lie at the 
media-intiina junction, often in vicinity to degraded internal elastic lamina. This arrangement 
could suggest that this vasculitis emerges as a response to an inert instigator, such as destroyed 
elastic tissue, and that the center of the immunological events coincides with the granulomas. 

Experimental data support a more complex disease model. Evidence suggests that the crit- 
ical events of T-cell activation and possibly antigen recognition originatc in the adventitia (7, 
21,24). The key cytokine in GCA, interferon-y (IFN-y) (26), derives from CD4 T cells in the ad- 
ventitia, distant from the site of granuloma formation and elastic membrane destruction (7). The 
specific cellular and noncellular components of the adventitia that direct and regulate CD4+ UFN- 
y-producing cells have not been identified, but obvious candidates include the vasa vasorum mod- 
ulating cell adhesion and migration, specialized antigen presenting cells such as interdigitating 
dendritic cells, and the restricted expression o f  endogenous or exogenous antigen. The adventitia 
is also the residence for interleukin (L)- 1 and IL-6-producing macrophages, cells equipped to 
support T-cell activation (23). 

The complexity of cell-cell interactions in arteritis is exemplified by the finding that TFN- 
y produced by adventitial T cells has regulatory functions for events occuiring in proximal wall 
layers of the artery. How can cellular interactions occur distally and how do anatomical and bio- 
chemical characteristics of the arterial wall contribute to cell-cell interactions between the ad- 
ventitia and the intirna? Evidence for signal exchange between cells in distinct anatomical loca- 
tions comes from studies demonstrating that macrophage effector functions in the media and 
intima are closely correlated with IFN-y production in the adventitia. It is conceivable that extra- 
cellular matrix components of the vascular wall participate in the transport of such signals. ln- 
flammatory cells in the media are functionally distinct from those in the adventitia. Medial 
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Figure 2 Compartment~iza~ion of imrnme events in the arterial wall environment. In most vasculitides, the inflammatory 
response involves all layers of the arterial wall. Nevertheless, the immune response is c o m p ~ e n ~ a ~ z e d  with immune cells 
exerting different functions in different layers, suggesting that cellular and matrix components of the vessel wall regulate the 
differentiation of immune cells and their gene expression profile upon stimulation. Vessel wall components may also be im- 
portant in facilitating c o ~ u ~ c a t i o n  among immune cells in different layers. e.g., cyto~~e-produc~ng cells in the adventitia 
and metdlloproteinase-secreting macrophages in the media. The schematic diagram has been modeled on giant cell arteritis, for 
which most data are available, but the model can be extended to other vasculitides. 
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macrophagcs specialize in the synthesis of matrix meta~~oprote~nases ~ M ~ ~ s )  (27) and growth 
factors (28). A critical cellular element is multinucleated giant cells, which have various secre- 
tory functions. They represent the major cellular source of platelet-derived growth factor (PRCP) 
and vascular endothelial growth factor (VEGF) in addition to producing MMP-2. Production of 
a variety of growth factors indicat~s that giant cells are not just a calaniity of vascular damage 
with a rolc in removing debris. Instead, they appear to have a regulatory function for cells rebid- 
ing in the arterial wall, such as vSMCs and endothelial cells (29). Mcchanisrns of giant cell for- 
mation in the media are not understood and the nature of the stimuli controlling their activity also 
remains to be elucidated. Giant cells express  re receptors and could thus receive signals from 
IFN-yproducing T cells located distant from them. The contribution of various other signals rel- 
evant in giant cell formation has to be inferred from the lack of polykaryons among macrophages 
directly i n t e ~ i n g ~ ~ n g  with  producing T cells and from the specialized functional profile 
of macrophages accumulated in the arterial media. 

The intima provides the proper environment for other molecular events. Macrophages re- 
cruited to the intima are characterized by their ability to produce nitric oxide syn~hdse (NUS-2) 
(23). Nitric oxide is a paracrhe signaling molecule in the vascular wall. In addition to its role in 
regulating vasomotor functions, it also has destructive potential. Recent observations indicate that 
NOS-2 production by intimal macrophages directly reflects specific features of the micmenvi- 
ronment. Hyperplastic intima is rich in laminin, which is known to interact with aiolecules of the 
integrin family (30). We have found that the Xamjnin a-chain can induce transcription of NOS-2 
in human ~ n a c r ~ ~ a g e s .  ~ t e r a c t i o ~  of in~croph~ges with ~ ~ ~ n i n  results in the ~ r a ~ s l o ~ a t i ~ ~ n  of 
the transcription facttws STAT-1 and NFKB inro the nucleus, where they regulate gene function 
by binding to DNA motifs in the NOS-2 promoter region. Taking these expe r i~~n ta l  data into ac- 
count, it can be proposed that matrix proteins in the intimal layer c o m ~ u n i c ~ t e  with invading 
macrophages and regulate their functional di~erentiation. This is an excellent example of vascn- 
lar wall components altering the function of immune cells, indicating that cross-talk between in- 
vading cells and arterial wall cells is a dialogue. Differences in microenvironment and cornpar%- 
mentalization of immune reactions should lead to a spectrum of structural lesions in inflammatory 
blood vessel diseases. In holding with this concept, blood vessels targeted by inflammatory attack 
display several different abnormalities. This is best visualized in small, medium-sized, and large 
arteries where different compartments are created due to thc formation of the vessel waU. A list- 
ing of lesions typically found in arteritis is given in Table 2, including the pathomechanisms un- 
derlying the pathological fiiidirigs. Due to the mu~t i tu~e  of cell types and the d e ~ n j t ~ ~ ~  of wall 
layers, more than one ~ ~ i m ~ o p a t ~ w a y  has relevance in arteritis (see Table 2). 

Table 2 Morphological Changes in Arteritis 

Structural lesion in arteritis 

Adventitid scarring 
Fragmentation of elastic membranes 
Patchy disappearance of smooth muscle cells 

- 

(SMCs) 

Formation of new microvessels 
Intimal hyperplasia 
Thrombotic occlusion 

Pathomechanism 
__ 

Extracellular matrix deposition 
Tissue-degrading enzymes 
SMC necrosis (SMC apoptosis) 
Membrane damagc mediatcd by reactive oxygen 

Neoangiogenesis 
Myofibroblast migration and proliferalion 
Prothrombogenic state of endothclial lining 

species 
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V. R E ~ P O ~ S E - T O - ~ ~ J ~ R ~  PROGRAM OF THE ARTERY: 
PROTECTIVE AND MALADAPTIVE REACTION PATTERNS 

The traditional paradigm assumes that the immune insult directed toward the vascular wall leads 
to tissue damage, wall rupture, and hemorrhage. However, hemorrhage is an infrequent compli- 
cation of vasculitis. I n f l a ~ a t i o n  of capillaries and smali arteries can cause bleeding, but in the 
vasculi tides targeting medium-sized and large vessels, aneurysm formation is only expected in 
patients with p o l y ~ ~ e ~ t i s  nodosa. In all other entities, vascular stenosis with tissue infarct is the 
typical pattern of  vascular morbidity. How does vessel occlusion develop and why do intramural 
inflammatory infiltrates induce vascular wall rupture so infrequently? The arterial wall, like other 
organs, does not remain passive when injured. Rather, a resp{~nse-t~-injury program is initiated 
with the goal to protect and repair. Unfortunately, this response is often maladaptive, exacerbat- 
ing the injury, delaying healing, and indu~ing structural changes that are d e ~ ~ ~ e n ~ l  to the pa- 
tient, such as the formation of  hyperplastic intima. The fibroproliferative response of the intimal 
layer is associated with an increase in smooth muscle cells and excessive deposition of matrix 
proteins (Table 3). 

Intimal hyperplasia is a complex process that has been best examined in atherosclerotic 
plaques and in modeis of restenosis €allowing arterial injury set by ditatation (Fig. 3) (31). It is 
possible that the molecular pathways involved in regulation of this injury response are similar in 
different vascular diseases. However. factors ini~ating the process and elements con~roll~ng dis- 
ease progression are likely different in the multiple forms of vasculitis, atherogenesis, and allo- 
graft vasculopathy. 

~ y o f i b r o b l ~ s ~ s  that form the thickened intima may derive from the media or the advenritia. 
Whether the originating cell i s  a smooth muscle cell that undergoes phenotypic changes or a fi- 
broblast that acquires new functional capabili~i~s is unsolved, Injuy response starts with directed 
cell migration of myofibroblasts across the medial elastic lamina, a metdlloproteinase-dependent 
process. Myofibroblast mobility and ~ol i fe ra~ion  are ~ o d u l a ~ e d  by polypeptide growth factors 
and cytokines provided in the milieu of the arterial wall. Such growth factors are present in very 
low abundance in the uninjured arterial wall and their overexpression is a typical feature of the 
injury response program. Synthesis of extraceltular matrix proteins i s  probably regulated by sim- 
ilar mediators. Additional regulatory events have not yet been defined at the molecular level, but 

Tabfe 3 Injury Response of the Arterisll Wall 

Protective 
Heat shock proteins 
Aidosc rcduclase in sniooth muscle cells 

Matrix pro~uc~jon 
Repair of media injury 

Cytakine-mediated endothelial activation 

Formation of m~crocapillaries 

Mobilization, migration, and proliferation of sniooth muscle cells 

AIdose reductase in T cells and macrophages 

Regenerative 

Mslladaptive 

Recruitment of inflammatory cells 

Accessibility of media and intima to inflammatory cells 

Intimal hyperplilsia 

Protection of i~~flamma~ory cells from oxidative damage 



Inflammatory insult Mobilization of SMC Proliferation of SMC 
Directed migration of SMC Secretion of extracellular 

towards the L~itnen matrix 

Figure 3 lntimal hyperplas~a-the major nialadaptive response of inflamed arteries. In response to the in- 
fammatory insult, smooth muscle cells are mobilized, proliferate, and migrate to thc intima. These smooth 
muscle cells switch froiii a contractile to a secretory phenotype enabling them to produce matrix molecules. 
Smooth muscle cell mob~lj~ation and ~ r o ~ f e ~ a t i o ~  are under the control of me~alloprotei~iases and growth 
factors secretcd mainly by tissue-infiltrating macrophages and by gian( cells in the media. The end result is 
a concentric hypcrplastic i n h a  that occludes the lumen. 

cell-cell interactions with inflainmatory cells, other non-SMCs, and matrix components could 
potentially infl ucnce the response to arterial injury. 

Some aspects of the interplay between gro~7~h-regu~ato~ molecules, immune celis re- 
cruited to the lesions, and cellular components of the vessel wall have been studied. In GCA, 
PDGF-A and PDGF-B are a b u n d ~ ~ y  produced in affected arteries (28). The majority of the 
PDGF-producing cells are mononuclear cells, specifically macrophages. The supply of PDGF in 
the lesions has been associated not only with the degree of luminal obstruction but also with clin- 
ical signs of ischemia, lending support to the concept that the resp~?nse~~o-inj~ry p r o ~ a m  of the 
arterial wall has clinical relevance in vasculitis. 

Only a specialized subset of intmnural inacrophages, inultinucleated giant cells, can pro- 
vide PDGF in GCA. The production of growth factors by invading inflammatory cells suggests 
that the arterial repair mechanisms causing clinical complications are ultimately under the control 
of the i i ~ ~ l ~ a t i n g  imnune cells. Hyperplastic intima in inflamed temporal arlerjes can be distin- 
guished from that in a1 lograft vasculopathy. In the latter model, intimal myofibroblasts themselves 
were found to release PDGF, suggesting an autocrine amplification of cellular hyperproliferation 
(32). Neointin~a~ cclls do not contribute to PDGF synthesis in GCA, but instead i ~ ~ a ~ m a t o ~  cells. 
particularly multinucleated giant cells, are the major regulators of growth factas production. 

Multinucleated giant cells have been implicated jn other aspects of the response-to-injury 
program in GCA. Besides their ability to secrete MMPs and PDGF, they also transcribe and syn- 
thesize VEGF (29). Vascular endothelial growth factor is a polypeptide growth factor with a crir- 
icaI role in the form~tion of new blood vessels. Ne~~angioge~esis i s  one ofthe structural changes 



10 Weyand 

typical of the chronically inflamed arterial wall. Microvessels are normally restricted to the ad- 
ventitia and are only found in the media and in the hyperphtic intima under pathological condi- 
tions. Careful regulation of neoangiogenesis i s  suggested by a distinct topography of newly 
formed capillaries, which are arranged in the outer one-third of the intimal layer. Growth of new 
blood vessels in the arterial wall is not a random process but has bcen associated with the prcs- 
ence of multinucleated giant cells and the degree of internal elastic lamina fragmen~a~ion. Mo- 
lecular studies have indicated that tissue production of VEGF is correlated with the transcription 
of IF"-y, raising the possibility that T lymphocytes influence the availability of angiogenic fac- 
tors. Tissue EN-y has been shown to be highest ia arteries with giant cell formation. Because 
giant cells are the source of VEGF, IFN-y could act in regulating giant cell activity. 

The response-to-injury program accompanying vascular inflammation is not completely 
d e ~ m e n ~ l .  The array of genes upregulated in inflamed arteries includes molecules that are pro- 
tcctive and regenerative. An example i s  the ovcrcxpression or aldose reductasc (AR) in affected 
temporal arteries of GCA patients (33). Aldose reductase is a member of the aldo-keto reductase 
superfamily and is a monomeric NADPH (reduced form of nicotinamide adenine dinucleotide 
p h ~ s p ~ a t e ~  depend~nt oxidoreductase with broad substrate specificity for carbony1 compou~ds 
(34,35). Coiocalization of AR with lipid peroxidation products in the vascular lesions led to the 
hypothesis that the toxic aldehyde 4-hydroxynoneal could be a substrate for the cnzyme (33). 
Blocking of AR in vivo with specific enzyme inhibitors led to increased produc~on of toxic alde- 
hydes and an increase in We number of apoptotic cells in the arterial wall. The model holds that 
inflammatory injury upregulates AR, an oxidative defense mechanism that functions by detoxi- 
fying toxic products of lipid peroxidation. An in~~iguing aspect of &is model i s  which cells are 
the beneficiaries of this tissue-protective mechanism. Preventing smooth muscle cell apoptosis 
would clearly limit vascular wall damage; thus, AK could function by preserving medial thick- 
ness. However, it is also possible that AR protects tissue-infiltxating lymphocytes and macro- 
phages. ~ononiiclear cells in the vascular lesions produced high concen~a~ions of AK in their cy- 
toplasm. By upregulating AR, macrophages, the producers of reactive oxygen species, could 
protect themselvcs from the cytopathic effects of toxic oxygen metabolites. Therefore, induction 
of AK could prevent suicide of the attacker, but would ultimately be to the di~ad~antage of  the pa- 
tient because it would amplify the immune insult. Careful studies will be necessary to understand 
the negative and positive effects mediated by the genetic program of the arterial wall in response 
to the immune attack. These studies promise to identify novel targets for immunosu~pression in 
vascuiitis, and to open up entirely new arcas of therapeutic interventions by focusing on the 
artery's maladaptive contribution to disease. 
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1. INT~ODUCTION 

Tissue infiltration by leukocytes is the pathological substrate of many chronic inflammatory and 
au~oimmune diseases, including vasculitis. The deve~opmen~ of in~ammatory inliltrates in tissues 
requires dynamic and precisely regulated interactions among leukocytes, endothelial cells, and 
the underlying basement membrane and interstitial matrix ( I) .  Such interactions are mediated by 
a complex array of leukocyte suxface receptors and their ligands on rhe endoth~lial cell mem- 
brane. On the leukocyte surface, carbohydrates closely related to sialylated forms of Lewis’ and 
Lewis’ antigens, selectins, and inlegrins interact in a sequential and precisely regulalcd manner 
with specific counterreceptors on the cndothelial cell surface. Again, these include carbohydrate- 
bearing niucins, seleclins, and im~Linogiobulin su~xfamiIy members. The main molecules in- 
volved in the interactions among leukocytes, endothelial cells, and extracellular matrix proteins 
are summarized in Table 1. Descriptions of their structural as well as functional properties have 
been addressed in detail in recent, ~o~prehens ive  reviews (1-6). 

The transition from a circulating leukocyte to a tissue-infiltrating leukocyte requires a se- 
ries of coordinated events. First, when an appropriate stimulus induces the endothelium to express 
selectins and to display ligands for leukocyte selectins, circulating leukocytes slow down and roll 
over the e n d o ~ ~ e l i ~ l  surface. This p h e n o ~ e n o ~  is mediated mainly by labile interplays between 
carbohydrates and selectins, which accumulate in philopodia allowing interactions between rcla- 
tively distant cells. Subsequently, leukocyte integrins, which are usually in a nonadherent con- 
f o ~ ~ ~ ~ ~ n  status, become activated. The i n t r a c ~ l l ~ l ~  m~hanjsms underlying integrin a ~ t i ~ d t ~ o n  
are not completely understood. Integrin activation may follow interactions mediated by selectins 
and can be triggered by soluble factors (chemokines) or by leukocyte homotypic interactions me- 
diated by costimulatory molecules (7). 

Chemokines include a growing family of  small p o l y ~ p t ~ d e s  with chemotactic activity on 
leukocytes (1,8,9). Four major Families of chemokines have been described according lo the rel- 
ative location of characteristic cystein residues: C, C-C (p chemokines), C-X-C (a chemokines), 
and C-X3-C c h e m o k ~ ~ s  (8,9). With a few exceptions, a chemokines attract ne~trophils~ 0 
chemokines attract monoeytes, eosinophils, and basophils, and the inernhers of both families can 
attract different subsets of lymphocytes. Chemokines are usually immobilized by interactions 
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Table 1 
Endothelid Cells 

f mkocytes ~ n ~ o t h ~ l j u i ~  

Selec tins/c~bohyd~a~es SelecCinsicarboh y drates 

Adhesion Molecules Involved in Interactions Between Leukocytes and 

L-selectin (CD62L) Glycam-la 
CD34a 
MadCAM (niucin-like domain)" 

PSGL- la P-selectin (CD62P) 
*? E-selectin 
CLA" 

aLp2 (CDXldCDIX) LFA-I 
Integrins Immunoglobulins 

ICAM- 1 (CDS4) 
ICAM-2 (CD 102) 
ICAM-1 (CD54) 
ICAM- I ('21354) 

aMp2 (CDI Ib/CD18) Mac-l 
aXp2 (CDllc/CD18) gp 150,95 
a4pl (CD49dKd29) VLA-4 vcm-I (CDlO6) 
a4P7 ~CD49(~/CD?) LPAM-1 MadCAM I 

VCAM- 1 (CD 106) 
PECAM-1 (CD3 1 ) avB3 (CD5liCD61) 

'Selectins intcract with carhohydratcs related to siillyl Lewisx and sialyl Lewis" carried by these 
mucin-iikc glycoproteins. 

with proteoglycans, which are crucial components of the glycocalix of endothelial cells and ex- 
tracellular matrix proteins. Recently, a chemokine coupled to a mucinlike membrane protein ex- 
pressed on activated endothelial cells has been demonstrated to serve both as a chemotactic fac- 
tor and as an adhesion molecule for inonocytes and for activated T lymphocytes. This molecule, 
named fraclalkinc, i s  the first member of the C-XJ-C class of chemokines (8). Together with ad- 
hesion molecules, cheniokines and chemokine receptors account for a high number of combina- 
torial possibilities deterini~ng the diversity and Lhe specificity of the components of the inflam- 
matory infiltrates, as well as. according to recent contributions, the specificity of tissue targeting 
(1,8.10,11). 

Leukocyte integrins interacting with endotheliar cells belong mainly to the p2, p 1 % p3, and 
87 f;dmilies (see Table 1). Counterreceptors for leukocyte integrins are constitutively expressed 
by endothelial cells (intercellular adhesion molecule-1 I ICAM-11, 1CAM-2, and platelet- 
endothelial cell adhesion molecule- 1 [PECAM- 11) or can be induced (vascular cell adhesion mol- 
ecule- l [VCAM- l] j or upregulated (ICAM-1 j upon cytokine stimulation ( I  j. Cytokines involved 
in endothelial adhesion molecule regulation are mainly interleukin- 1 (IL- l), tumor necrosis fac- 
tor-a (TNF-a), interleukin-4 (IL-4), and interferon-y (IFN-y) (12). 

Interactions between integrins and immunoglobulin superfamily members account for the 
strong adhesion and spreading of leukocytes over the endothelium and for subsequent transmi- 
gration through the end~thel~al cell junctions. In this process, homotypic interactions between 
PECAM-1 on leukocytes and on e n d o ~ h ~ l i a ~  cells may function as a molecu~ar zipper allowing 
leukocyte ~ ~ s m i ~ a t i o n  with minimal disruption of the endothelial cell monolayer (6). The role 
of cadherins in leukocyte ~ a n s ~ i i ~ a t i o n  is also being inves~igate~ (13,141, 

Besides their chemotactic activity, chemokines induce cell polarization. In a polarized mi- 
grating leukocyte, chemokine receptors and activated integrins accumulale at the leading edge 
whereas ICAMs are redistributed at the trailing part of the cell in an elongated, pseudopod-like 
formation named uropod (13,14). Interactions between uropod-located ICAMs and p2 integrins 
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TIGHT ADHESION AND 
I N T ~ ~ ~ I N  MIGRATION 

~ O ~ ~ I N G  ACTIVATION 

cytokines 

selectins 
A integrins 

i m ~ ~ n ~ g l o b u l i n - ~ ~  molecules 

Figure 1 Principd steps and rnoiecules involved in l e ~ ~ ~ c ~ t ~ e n ~ ~ ~ e l i a ~  cell in~eract~ons. 

in surrounding leukocytes may drag additional cells during the transmigra~on process (1 3,14) 
(Fig. 1). On the other hand, signals driven by ICAM-3 engagement by p2 integrins on surround- 
ing cells activate both P l  and p2 inregrin function in transmig~atin~ leukncytes, ~ n h a n ~ ~ n g  their 
adhesion to endothelial cells and underlying matrix (7). Together" these mechanisms constitute a 
migratory amplifying cascade. 

Leukocytes, then, interact with extracellular matrix proteins, mainly through pl , p3, and p5 
integrins. Enlegrin-mediated interactions with endothelial cells and extracellular matrix proteins 
trigger matcjx-metalloproteinase production by leukocytes which allows basement membrane 
disruption and progression through the interstitial matrix (15). 

Interactions mediated by adhesion molecules are part of the physiological inflammatoty re- 
sponse to in.jury. Persistent expression of ind~cible e i ~ d ~ ~ ~ h e l ~ ~  adhesion molecules as well as ex- 
cessivc activation of leukocyte integrins have been observed in a variety of inflammatory dis- 
eases, including vasculitis (2,161. Along with functional studies and experimental animal models, 
these observations suggest that adhesion molecules have a crucial role in the development, am- 
plification, and perpetuation of inflammatory infiltrates and subsequent tissue damage in many 
chronic in f l amma~o~  diseases (2,161. 

tl. ~ ~ ~ ~ S ~ ~ N  ~ O L E ~ U L E S  IN ~ N F L A ~ ~ A T ~ ~ Y  
SES OF BLOOD VESSELS 

The systemic vasculitides include a highly heterogeneo~is group of c l in i copa~~~og ica~  entities 
(17). Although the potential etiological role of some infectious agents, particularly viruses, and 
other environn~ental factors is increasingly being considered, the triggering agents remain un- 
known for the majority of primary vasculitides ( I  6,191. 

Several immunopathogenic mechanisms able to produce blood vessel inflammation have 
been ~ ~ c ~ t i ~ e i ~ .  These include i ~ u ~ i e  complex deposition and c ~ r n p l e ~ ~ n t  activation, antineu- 



16 Cinta-Cid et al. 

Figure 2 Muscle biopsy from a patient with classical polyarteritis nodosa showing E-selectin expression 
by the luminal endothelium of a minimally involved vessel. Imunohistochernical staining with the mAb 
1.2 334. Alkaline phosphatase antialkaline phosphatase (APAAP) method (1CK)x). 

trophil cytoplasmic antibody enhancement of neutrophil-mediated vessel damage, generation of 
antiendothelial cell antibodies, and a delayed-type hypersensitivity reaction driven by specific 
recognition of a putative antigen rcsiding in the vessel wall (17-21). 'I'hcse mechanisms are not 
m u ~ ~ a ~ ~ y  exclusive and they may act simultaneo~~sly or sequential~y with a variable predomjna~ce 
depending on the specific vasculitis syndrome or along the evolving course of each disease. 

Irrespective of the primary immunopathogenic events lcading to blood vessel inflarruna- 
tion, leukocytes are recruited into inflammatory foci by complex interplays with the endothelium 
and underlying matrix mediated by adhesion molecules. 

A. lmmunopathogenic Mechanisms of Vessel Damage and Adhesion Molecules 

Most of the primary immunopathogenic mechanisms that are thought to play a role in the patho- 
genesis of blood vessel inflammation in vasculitis have been shown to include among their main 
cffects altered ~odulation of adhesion molecule expression or function ( f 8). In vitro studies have 
shown that complement activation products snch as Q 1 q induce E-selectin, ICAM- I, and VCAM- 
1 in cultured endothelial cells (22). Adhesion molecule expression and function are required for 
immune complex and complement-mediated vessel damage in vivo (23-25). Recent studies have 
shown that a n t ~ n e u ~ o p ~ l  cytoplasmic antibodies ( ANCAs) binding to membrane-associated pro- 
teinase 3 on endothelial cells may induce E-selectin and VCAM-1 e x ~ r e s s i ~ n  by eiidothelial cells 
(26,27), The ANCA binding to neutrophifs increases integrin expression and integin-mediated 
adhesion, partially through Fc-mediated mechanisms (28,29). Studies with nionoclonal blocking 
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Figure 3 Nerve biopsy obtained from a patient with classical polyarteritis nodosa showing a strongly in- 
Gamed pei~neural artery. ICAM-1 expression by the Iitininal ~ n d ~ t h ~ ~ i u m  i s  slight. By contrast, stroiig ex- 
pression of ICAM-1 can be observed in surrounding microvessels. Imnunostaining with the nAh RR I/I 
(APAAP technique) (lOC1x). 

ai i~bod~es have shown that enhan~em~nt  of T ~ - i n d u c e d  neu~ophil acti~ra~ion by ANCAs is, at 
least, partially dependent on homotypic iiiteractions mediated by neutrophil integrins (30). 

A n t i ~ n d o ~ h e l i ~  cell antibodies have been dctected in a variety of vasculitides, par t~cul~ly  
in patients with active disease (31,32). Although their specific role in the development of vascu- 
lar inflammation has not been fully characterized, in vitro studies have shown that anti-endothe- 
tiat cell antibody binding to c n d o ~ e l i ~ l  cefts induces endothelial adhesion molecule expression 
(33). Whether this phenomenon results from in vitro manipulation of endothelial cells or is a 
pat~ophysiolo~i~dlly relevant effect remains to be clueidated. 

lt has been also shown that, in vasculitis, activated lymphocytes and macrophages actively 
produce L - I ,  TW-a, and IFN-1( (34,35), the main inducers of endothelial adhesion molecules 
(1 2) .  A topographical relationship betwccn inducer cytokines and endothelid adhesion molecule 
expression has been demonstrated in tissue samples from patients with microscopic polyangiitis 
(36). In addition, e~¶do~el ia l  adhesion molecules may be modul~ited by steroid hormones. In this 
regard, estrogen has been shown to increase TNF-induced adhesion molecules E-selectin, ICAM- 
1, and VCAM-1 by endo~helial cells (37). This fact may contr~bute to female predomiii~ce in 
many chronic inflammatory diseases. 

Most of  our current appreciation of the role that adhesion molecules might play in the de- 
velopment of inflmitnatory infiltrates in vasculitis comes from: studies pcrfonned on circulating 
leukocytes, studying adhesion molecule expression in tissue samples, and the detection of soluble 
circulating forms of adhesion molecules in sera from patients with various vasculitis syndromes. 
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Figure 4 Neovessels within inflammatory infiltrates strangiy express VCAM-1 in giant cell arteritis Ie- 
sions. Temporal artery biopsy section stained with the mAb BBIG-VI (APAAP method) ( 1  Wx). 

B. Expression of Adhesion Molecules by Circulating 
Leukocytes from Patients with Vasculitis 

Several authors have studied the expression and function of pl and p2 integrins in circulating 
leukocytes from patients with active vasculitis. The CD4+ T lymphocytes from patients with sys- 
temic IUPLK eiytliematosus and vasculitis express higher density of sdaee  integrins of the Pl and 
p2 families and show a higher adherence to cultured TNF-stimulated endothetial cells and to ex- 
tracellular matrix proteins than lymphocytes from systemic lupus erythematosus patients without 
vasculitis or than lymphocytes from healthy donors (38). Lymphocytes and monocytes from pa- 
tients with Wegener’s granulomalosis also express higher density of pl and p2 integrins than 
leukocytes from healthy people (39,40). However, leukocyte adherence depends not only on the 
amount of surface integrins but mainly on their avidity status. Moreover, leukocyte adhesion and 
~ r ~ i s ~ g r a t i o n  are tightly regulated by the ~icroenvi~onmen~ at the in~amma~ory foci. Conse- 
quently, the b i ~ ~ ~ ~ ) ~ ~ e a l  significance of the increased infegrin expression by c~~cu~a t ing  leukocytes 
in patients with vasculitis is unclear and probably reflects an increased number of activated leuko- 
cytes in the bloodstream. 

6. Tissue Expression of Endothelial Adhesion Molecules 

Expression of endothelial adhesion molecules and their leukocytc receptors in involved tissues 
may probahly reflect the type of leukoeyle~ndothelial cell interactions participating in the de- 
velopment of blood vessel inflammation. Expression of adhesion molecules in lesions has been 
investi~~ted in sizable and ho~ogeneOUS series of patients with eutane[)us ~euk~)cyt(~cIastjc vas- 
eulitis, Kawasaki disease, classical p o l y ~ t e ~ t i s  nclcfosa, and giant cell meritis (41-44). In all of 
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Figure 5 (A) The common p chain of p2 integrins i s  strongly expresscd by leukocytes infiltrating the ar- 
terial wall in classical polyartcritis nodosa, whcreas (B) ICAM-3 expression is rnainly observed in leuko- 
cytes surroundjag adventitid microvessels. Serial sections stained with the m Ab MEM-48 (A) and 152- 1 I32 
(B), respectively (MAAF t e ~ h ~ q u e ~  ( I  0 0 ~ ) .  
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Figure 6 (A) ~ndoth~iial  E-selectin expression in a skin biopsy from a patient with ~utaneou~ Ieukocy- 
toclastic vasculitis. (B) In early lesions, inflammatory infiltrates include a high percentage of Cl ,A-express- 
ing leukocytes. Immunostahiing with the mAbs 1.2 B6 (A) and HECA 472 (B) (peroxidax anliperoxidase 
tcchniquc) (250~). 
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them, expression of inducible adhesion molecules E-selectin and VCAM- 1 by endothelial cells 
can be detected at some point, Constitutive expression of ICAM-I is usually upregulated. In 
glomerular lesions of Wegcner’s granulornatosis and microscopic polyangiitis, as well as in 
ANCA-associated necrotic and crescentic glomendonephritis, VCAM- 1 and ICAM-1 expression 
can be observed at the glornerular tuft as well as in tubular epithelial cells (45,46). 

ln small-vessel vasculitis, endothelial adhesion molecule expression occurs in the luminal 
endothelium (41). However, in medium-sized vasculitis, such as classical polysuteritis nodosa, 
the luminal endothelium only expresses constitutive or inducible adhesion molecules at early 
stages. As the inflamrnatoiy process proceeds, the luminal endothelium is damaged and the vas- 
cular lumen is occludcd. Endothelial adhesion molecules are then strongly expressed by adventi- 
tial neovessels (43). Extensive neovascularization also occurs in giant cell (temporal) arteritis le- 
sions, particularly in the adventitia and at the intima-media junction where the granulomatous 
reaction takes place (44). This observation suggests that, in large and medium-sized vessels, in- 
filtrating leukocytes do not come from the vascular lumen. Rather, inflammatory cells penetrate 
the vessel wall through the adventitial vasa vasorum and neovessels. Inflammation-induced an- 
giogenesis has, thercforc an important role in amplifying and perpetuating the inflammatory re- 
sponse in large- and medium-sized-vessel vasculitis. 

attern of Endothelial Cell Adhesion Molecule Expression 

Endothelial cell adhesion rnoleculc expression varies along the subsequent stages of the inflam- 
matory process in vasculitis. This variation has been studied in cutaneous leukocytoclastic vas- 
culitis and in polyartcritis nodosa wherc thc simultaneous occurrence of lesions at various histo- 
logical stages is a common finding. In both processes, E-selectin expression is preferentially 
detected in early infiltrates, whereas in fully developed inflammatory lesions, E-selectin expres- 
sion decreases and endothclial expression OF ICAM- 1 and VCAM-I predominates (42,44). These 
observations are concordant with in vitro studies where, in cytokine-stimulated cultured en- 
dothelial cells, E-selectin expression is early and transient whereas ICAM-1 and VCAM-1 ex- 
pression appears later and is more persistent (1 -3). H-selectin expression correlates with the pres- 
ence of abundant neutrophils (4l,43) whereas manomclear cells are the main cell population in 
later stages when ICAM-1 and VCAM-I expression predominates (41). In healing lesions, en- 
dothelial adhesion molecule expression decreases along with a reduction in the number of infil- 
trating leukocytes. In renal lesions of ANCA-associated glomerulonephritis, glomerular expres- 
sion of ICAM-1 and VCAM-I also decreases when glomeruli become obliterated by crescent 
formation (45,46). 

eceptor Expression by Infiltrating Leukocytes 

Leukocyte selectins play an important role in the initial interactions with endothelial cells but, 
subsequently, when the strong adhesion mediated by inregrins begins, leukocyte selec tins are 
shed from the cell surface (3,12). Consistently, infiltrating leukocytes in vasculitis do not disclose 
a substantial expression of L-selectin (43,44). By contrast, an intense expression of leukocyte in- 
tegrins i s  detected, as it is observed in lcukocytes that have migrated to specific compartments in 
other diseases (16). In addition, a topographical relationship is observed between integrin ex- 
pression by inliltrating leukocytes and their respective ligands of the immunoglobulin superfam- 
ily by endothelial cells (43,44). Among them. I ,FA- l/ICAM- I-and VLA-4NCAM- 1 -mediated 
interactions seem to play an important role in the development of vascular infiltrates in vasculi- 
tis. In medium-sized and large vessels, leukocytes surrounding small neovessels have phenotypic 
characteristics of activated and transmigrating leukocytes, specifically, strong expression of lym- 
phocyte-function-associated molecule-1 (LFA-1) and very-late-activation antigen-4 (VLA-4) 
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(1,2,12). Adventitial leukocytes su~ounding neovessels also show strong expression of [CAM-3. 
As nientioned above, ICAM-3 is a signaling molecule with a crucial role in the transmigration 
process (7,13,14). By contrast, ICAM-3 expression is less intense in leukocytes that have invaded 
the vessel wall and are located at the media. These show, instead, an intense expression of the 
common chain of PZ integrins (43,44). 

F. Tissue-Specific Targeting 

Vasculitis syndromes tend to target specific organs or specific vessels. Several factors potentially 
contributing to tissue specificity in vasculitis have been considered. Hemodynamic factors have 
been thought to play a role in the location of i~~une-complex-med~ated vasculitis. XII this re- 
gard, turbulence may favor immune complex deposition and may facilitate the development of 
polyarteritis nodosa lesions at branch points (1 7,19). Hydrostatic pressure may contribute to the 
predominance of cutaneous leukocytoclastic vasculitis in lower extremities. A specialized, com- 
plex microvasculature such as the renal glomerulus may favor the deposition of immune com- 
plexcs in the kidney (17,191. The potential site of antigen encounter may address ~ n f l a m ~ ~ t o ~  
response to the upper and lower airways in Wegener's g~anulomatosis and to large vessels in gran- 
ulomatous arteritis (21,47). 

Adhesion molecules mediating lenkocyte-endothelial cell interactions may contribute to 
the specificity of tissue targeting. To date, most of  the adhesion molecules mediating leuko- 
cyte-eiidothetial cell ~teractions identified seem to play a crucial but generat role in the devel- 
opment of i n ~ a m m a t o ~  infiltrates. A few molecular interactions mediating tissue Specificity havc 
been identified. The recognition of these interactions comes from studies investigating the pattern 
of lymphocyte recirculation and homing to different lymphoid organs. In this regard, the carbo- 
hydrate determinant CLA (cutaneous lymphocyte antigen) confers skin homing capability to 
lymphocytes. While neutrophils are able to interact with E-selectin, only skin-homing lympho- 
cytes dis~laying CLA can interact with E-selectin. The CL,A-E-selectin ~ n t e ~ ~ t i ~ n s  appear to 
mediate cutaneous tropism in several inflammatory disorders, including graft-versus-host disease 
(17) and dermatomyositis (48), Interestingly, in the latter case, E-selectin expression can be de- 
tected in the skin but not in muscle vessels (49). Recently, concomitant expression o f  GLA-bear- 
ing lymphocytes and endothelial E-selectin has been demonstrated in early sedges of cutaneous 
vaculitis (50). 

Interac~ioi~s mediated by lymphocy~e a4p7 and endo~elial  niucos~-ad~essing cell adhe- 
sion molecule- I (MadCAM- I )  recruit lymphocytes into mucosa-associated lymphoid tissue of 
the gut (1). Lymphocytes infiltrating the gastrointestinal tract in several conditions, such as lym- 
phoma or inflammatory bowel disease, exhibit, indeed, a4p7 expression (5 1 ). According to re- 
cent contributions, interactions mediated by tissue-specific endothelial chemokines and highly 
versatile specific chemokine receptors expressed by different lyn~phocyte subsets seem to be the 
major determinant of tissue targeting (8-1 1). These interactions have not yet been studied in vas- 
culitis. 

G. Adhesion Molecules in Animal Models 

The functional relevance of interactions mediated by adhesion molecules in the pathogenesis of 
vasculitis has been investigated in animal models. In a murine model of systemic vasculiiis in- 
duced by iminunization against Mjcobacteriurn butyricurn, the administration of monoclonal 
blocking antibodies and the application of vital microscopy have demonstrated the important par- 
ticipation of interactio~s mediated by selectins and by a4 integrins in leukocyte adhesion and 
~ansmigration through postcapillary venules (52). Similarly, ICAM-1 deficiency considerably 
reduces the development of vasculitis in MRLllpr mice, and VCAM- I deficiency or blocking a4 
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integrins prevents the deve~opment of ~-glucan-induced gr~ulomatous vasculitis (40,52). Al- 
though none of these models satisfactorily represents specific human vasculitic syndromes, these 
findings underline the functional importance of interactions mediated by adhesion molecules in 
the development of vascular iI~flamination. 

H. Effect of Corticosteroid Treatment on Adhesion Malecule Expression 

In vitro studies have shown that corticostcroids may suppress endothelial cell adhesion molecule 
expression induced by endotoxins or by cytokines (54). In addition, cort~costeroids inhibit the 
production of proinflammatory cytokines which are the main inducers of adhesion molecule cx- 
pression (55). 

The effect of t rea~mei~~ on adhesion molecule expression in patients with vasculitis is not 
well defined. Immunoglobulin therapy decreases endothelial cell adhesion molecule expression 
in skin samples from patients with Kawasaki disease (42). Preliminary cross-sectional studies 
show a substantial decrease in E-selectin and VCAM-1 expression in lesions from patienls with 
giant cell arleritis treated with corticosteroids for up to one month but some expression still per- 
sists (44). A decrease in endotheli~ adhesion molecule expression in synovial biopsies from pa- 
tients with polymyalgia rheumatica treated with corticosteroids has also been observed (56). 
However, cofticosteroid and immunosuppressive treatment of patients with polyarteritis nodosa 
for a few days does not modify substantia~ly adhesion molecule expression (43). 

1. Circu~at~~g Soluble Adhesion Molecules 

Soluhlr: selectins and immunoglobulin superfamily mcmbers can be detected in human plasma 
and other body fluids. and increased levels have been detected in a variety of  disorders, including 
infections, malignant tumors, and chronic inflammatory diseases (57). Soluble adhesion molecule 
Fragmcnts are shed from the cell surface by proteolytic cleavage or are directly generated as splice 
variants lacking the transmembrane and cytoplasnlic domains (57). Circulating adhesion mole- 
cules probably have some regulatory role but their biological significance is still unclear. Since 
soluble forms of adhesion molecules are released by endothelial cells stimulated by cytokines, el- 
evated circulating adhesion molecule concentrations have been considered a consequence of en- 
dothelial cell activation in response to inflammatory stimuli. Some adhesion molecules such as 
ICAM-1 and VCAM-1 are also expressed and released by activated I ~ p h o c y ( e s  and macro- 
phages. Consequently, their increase may reflect immune activation and does not necessarily in- 
dicate endothelid cell exposure to p r o i n f l a m ~ a ~ o ~  cytokines. 

Studies in large and homogeneous series of patients have demonstrated that circulating sol- 
uble E-selectin (sE-selectin), ICAM-1 (sICAM-I), and VCAM- 1 (sVCAM-1) concentrations are 
elevated in patients with systemic vasculitis, such as ~ l y a r t e r i ~ s  nodosa, Kawasaki &ease, We- 
gener’s granulomatosis, and microscopic polyangiitis (40,5841). In general, there is some cor- 
relation with the extent of the disease, particularly in Kawasaki disease (59,601 and in Wegener’s 
granulom~tosis (40.6 1). Circulating adhesion molecule levels usualfy correlate with levels of cir- 
culating proinflammatory cytokines such as TNF-a (59) or IL-6 (60) and with acute-phase pro- 
teins such as C-reactive protein (CPR); however, such corre~ations are approp~ate or variable (40, 
61). A decrease in the concentration of soluble adhesion molecules is usually observed with treat- 
ment (40,58,62), pcarticularly in acute, monophasic disorders such as Kawasaki disease (40,59, 
60). In chronic, relapsing vasculitis, correlation between adhesion motecufe levels and disease ac- 
tivity is not satisfactory enough to use levels as a guide for therapeutic decisions (G. S. Hoffman, 
u ~ p ~ b l ~ s h ~ d )  (40,58,63). Moreovcr, circulating adhesion molecules usuaily increase during con- 
current diseases, such as infections (40’61). Persistent elevated levels of adhesion molecules de- 
spite clinically apparent remission induced by treatment have been detected in pol yarterllis no- 
dosa and in Wegener’s granLilomatosis (40,62). This observation may indicate persistent exposure 
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of endoihclial cells to a remainiiig inf lmatory  microenvironment, which may predispose to the 
high relapse rates observed among many vasculitides. 

Interestingly, in cutaneous leukocytoclastic vasculitis and in Schonlein-Henoch purpura, 
sICAM-1 levels are similar to normal controls (40). In the latter, only sE-selcctin appears to be 
increased (61). In large-vessel vasculitis such as giant cell (temporal) arteritis, only SICAM- I has 
been found to be significantly elevated compared with age- and sexmatched controls (62). Al- 
though endothelial VCAM-I and E-selectin expression arc both observed in temporal arteritis tc- 
sions, the endothelial surface contributing to the release of adhesion molecules is much less in 
large-vessel vasculitis compared with widespread small-vessel vasculitis. Elevated SICAM- t 
with normal levels of other, more specific endothelial adhesion molecules can be also found in 
other granulomatous nonvasculitic diseases, such as sarcoidosis (64). This observation suggests 
that activated monocytes or macrophages could also contribute to the release of SICAM- I .  

Other leukocyte and endothelial adhesion molecules, such as sP-selectin, sL-selectin, and 
SICAM-3, have been much less investigat~~ in vasculitis. No s igni~can~ changes in P-selectin 
concentrations have been found in polyarteritis nodosa or in giant cell arteritis (58,62). Elevated 
levels of SICAM-3 have been found in rheumatoid vasculitis (40) but not in giant cell arteritis 
(62). By contrast, sL-seIectin levels are decreased in potyarteritis nodosa patients and in patients 
with other autoimmune diseases (58,65). Low levels of sL-selectin have also been observed in 
c o n d ~ ~ ~ ~ n s  c ~ a r a ~ ~ r ~ z e d  by widespread endotheli~ act~vation, such as iidufl ~ e s p ~ ~ ~ ~ o r y  distress 
syndrome (66). Low concentrations of sL-selectin might be due to a reduction in its release or se- 
questration in diseased tissue. 

An increasing number of contributions provide evidence supporting a crucial role for adhesion 
molecules in the de~elopment of vascular i n f l ~ a ~ i o n  in vasculitis. lnteract~ons mediated by ad- 
hesion molecules are complex and dynamic and their participation in the pathogenesis of vessel 
inflammation is just beginning to be appreciated. Preferential adhesion pathways involved in dif- 
fcrerit vasculitides and the type of interactions participating in tissue-specific targeting are excit- 
ing aspects that await further investigation. Emerging concepts suggest that new therapeutic 
approaches targeting adhesion mofecules might complement the therapeutic effects of corticos- 
teroid and immunosuppressive agents in vasculitis (16,67). 
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Ex t race1 1 u ar Matrix 

Most cells in multicellular organisms contact, on at least one of their surfaces. an intricate mesh- 
work of interacting extracellular molecules that constitutes the extracellular matrix. The amount 
and type of extracellular matrix is highly variable, especially during development, and is tissue 
dependent (1). There is considerable evidence that the extracellular matrix has many structural 
and biological functions in tissues (Table I). Much of the infomdtion on the biological activity 
of the e x ~ a c e l ~ u ~ a r  matrix has come from in vitro studies with cells grown an purified rnatriccs 
and on isolated components, and from the elucidation of the role of matrix molecules in diseases 
(2-4). The importance of the extracellular matix in development is further confirmed with the 
identification of various genetic diseases. Also, the biochemistry of these molecules is beginning 
to be understood at the structural level and active sites have been identified using fragments, an- 
tibodies, and synthetic peptides. Because of their important biological activities, some of these 
extracellular matrix molecules have the potential to be used the~a~eu~ca l ly  for tissue repair and 
possibly to control disease progression. 

The extracellular matrix varies considerably in its functions (see Table I )  and tissue-spe- 
cific components ( I  3. It was initially thought to form the major structural support of tissues and 
to connect various organ systems, but it is now clear that other functions exist. During embryonic 
development and in wound healing, the matrix provides a substructure on which the cells migrate. 
Growth factors/c~~okines are present in the extraceIlu1~ matrix which serves as a storage depot 
for these bioactivc molecules. Resident cells adhere to the extracellular matrix which provides 
signals for the cells to grow and/or differentiate. Extracellular matrix components are used in 
vitro to stimulate cell survival and differentiation. In vivo, matrix components have bcen used to 
promote tissue repair. This chapter focuses on the extracellular matrix underlying endothelial 
cells, which is termed the basement membrane (6). 

11. BASEMENT MEMBRANE 

The basal surfaces of endothelial cells are in contact with a basement membrane, the thin extra- 
cellular matrix that separates the endothelium from the underlying slroma (1,2). This matrix 
serves as a selective barrier to cefls ‘and to ~acromolecules and also is a storage depot €or cy- 
tokines, growth factors, and protcases (7). The major com~onen~s of this matrix are collagen W, 
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Table 1 Functions of the Exlracellular Matrix 

Forins the supporting structures between cetis 
Provides a substructure for cell movement 
Is a major storage site for soluble and insoluble substances 
Provides signals arid induces cells to diflerentiate 
Connects organ systems 
Absorbs shockhmprcssion 

which does not form fibers, a heparan sulfate proteoglycan, perfecan, and two glycoproteins, 
laminin and entactin. It should be noted that not all basement membranes contain the same 
amounts or types of components. The actual amount of each component in the endothelial cell 
basement membrane has not been defined due to its relative low abundance. 

Degradation of the basement membrane is the first step in angi~~genesis (8,9). The cn- 
dothelial cells then migrate from the vessel into the ue. The cells pmliferate in the region of 
the vessel where the basement membr~ne was degraded, and these new cells form the ~ i ~ r a t i n ~  
column of cells. The migrating cells then undergo tube formation. Finally, there is a resynthesis 
and deposition of the basement membrane, which provides structural integrity to the mature 
vessel, 

The basement membrane maintains the endothelial cell phenotype and integrity of the en- 
dothelium (9). The biological interaction of basement membrane with endothelial cells has been 
defined using a substrate of reconstituted basement membr'we termed ~ ~ t r ~ g ~ l  (Table 2) ( I0, l l  j, 
Matrigel is isoiared from an epithelial tumor and contains all of the known basement membrane 
components. At 4"C, matrigel at 10 mg/ml is a liquid, and at 24°C it form a gel in about 30 min. 
M a t r ~ g ~ l  that has been allowed to gel on a culture dish foms an active biornatrix s u b s ~ a ~ m  for 
many cell types. Endothelial cells plated on gelled basement membrane cease* growth and form 
capillary-like structures with a lumen in 18 h (Fig. 1). This morphological dif€erentiation mimics 
many of the steps in an~iogen~sis  and has been used as a felatively quick in vitro screen to assay 
for angiogenic and antiangiogenic compounds (Table 3) (12,13). For the most part, known proan- 

Tabie 2 Components of the Basement Membrane Matrigel 

Abundant components 
Laminin 
Type I V  collagen 
Periecan (heparan sulfate proteoglycan) 
Nii~ogcn/entactin 

TGF-Ps (transforming growth factor) 
FGF ( ~ b r o b ~ ~ s t  growth factor) 
EGF (eprderinal growth factor) 
PDGF (platelet derived growth factor) 
IGF (insulin-I~ke growth factor) 

Growth factors 

Froleases 
72 KDa MMP-2 
92 KDa MMP-9 
Urokinase 
Tissue-type plasminogcii activator 
Amylase 
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Figure 1 Appearance of endothelial cells on basement mcmbrte malrigel after 18 b in the prescnce of 
various iaminin peptides. The upper left panet shows the cell m o ~ h o ~ o g ~  in the absencc of added peptides. 
Hcre tubclikc skucttires with a lumen are observed. In the presence of various active peptides from the 
laminin y chain, tube formation is disrupted indicating an active peptide for either angiogenesis os antian- 
giogencsis. (From Ref. 32.) 

giogenic factors, suck as estmdiof, ~ b ~ b l a s ~  growth factor (FGF), ~ap~og lob i i~~  scatter factorfhe- 
pntncyte growth factor (HGF), etc., p ~ ~ ) m o ~ e  tube f o r m a ~ ~ n .  A n ~ a n g i ~ ~ e n i c  factors, S L E ~  as tis- 
sue inhibitor of meralloproteinase (TIM’), interferon-inducible protein (IP- 1 Oj, etc., Mock en- 
dothelial cell tube f o i ~ ~ t i o n  on matrigeel. Many substances b l ~ c ~ d i ~ ~ p ~  tubc r ~ ~ a ~ i ~ n  and need 
to be further tested before conclusions can be made about their angiogeiiic or antia~giogenic ac- 
tivity. For example, the laminin peptide SIKVAV (ser-ile-lys-vd-ala-vd) causes the tubes to “sub- 
merge” into the matrigel and appear fragmented (14). When tested in additional assays, such as 
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Table 3 Factors That Promote or Inhibit Tube F~)rmation on Matrigel and 
Angiogenesis in Other Assays 

Factor Tube assay Other angiogenesis assays 

bFGF 

Scatter factor 
Haptogl obi n 
IP-10 
Estrogen 
TIMP 
Thymosin Pic 
Thymosin cq 

TGF-P 
Promotes 
Promates 
Promotes 
Promotes 
tnhibits 
Promotes 
Inhibits 
Promotes 
Promotes 

Promotes in all assays 
Promotes in ear model 
Promotes in eye model 
Pmmotcs in sponge implant 
Inhibits io inany assays 
Promotes in many ilsstiys 
Inhibits in n m ~ y  assdys 
Promotes wound healing 
Promotes wound healing 

the sponge implant and chick chorioaltantoic membrane assay (CAM), this peptide was found to 
be proangiogenic, and to be able to increase protcase activity and tumor growth (15,16). Thus, 
any material that a€fects tube formation on matrigel should be furlher analyml in difiercnt assays 
to determine if it actually inhibits or stimulales angiogenesis. 

~n~erestingly, basement membrane can also promote tumor cell growth in vivo in part 
through its aiigiogenic activity ( I  7). When basement membrane is coinjectcd with tumor cells, 
growth can be accelerated some three- to eightfold. Approximale~y twice as many vessels per area 
are observed in thc matrigel growth-stimulated tumors versus tumors grown in the ahsencc of ma- 
trigel (1 8). Many Iiunian tumors are difficult to grow in inice either tts minced pieces or single 
cells. When coinjected with basement membrane, the incidencc of tumor take is newly 100% for 
many different types of turnors. There are many angiogenic factors in matrigel bnl wlicn it i s  in- 
jected done little an~iogenesis occurs. When coinjected with tumor cells, considerable arrgio- 
genesis is observed which helps the tumor to grow. Since more angictgcnesis i s  observed with the 
tumor cells in matrigel tlxm with the tumor cells alone, it is likely that factors released by the 
tunior cells either activate, work in synergy, andlor release tbc angiogenic activity in the inatrigel 
(19). The exact mechariism is not known. 

A. ~~~~~~~ 

Laminin is the first ex~acellular matrix protein to be synthesized in the developing etnbryo and 
is thought to be a major contributor to early embryonic differentiation because of i t s  diverse bio- 
logical activities (20). One of the chains of laminin is observed at the two-cell stage. Laininin in- 
teracts with itself, collagen IV, perlecan, and entactin, and is also thought to be important in the 
assembly of the basement membrane. Laminin is composed of three chains designatcd a, p. and 
y, which arc held together by d i s ~ l ~ d e  bonds (Fig. 2). At least 6vc a, three p, and two y chains 
have been describcd. Although genetically distinct, the chains arc: homologous in structure. Thc 
a chain, Mr = 40,000, contains three globular domains at the amino terminus that arc separatcd 
by EGF-like (epidermal growth factor) repeats. Another EGF-like repeat is adjacent to a coiled- 
coil domain that has a large terminal globule at the carboxyl end. The p and y chains contain the 
three amino terminal globules separated by EGF-like repeats and the coiled-coil domain but lack 
the ctuboxyl terminal globulc. These chains assemble into different faniiniii isoforms such that 12 
have been described to date but others likely exist (21). Laniinins display tissue- and temporal- 
specific locations and presumably tissue-specific functions. The tarninin produced by endothelial 
cells has not yet been definitely identified but is probably laminin-8 (a4plyl)  (22). 
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COOH 

Schematic model of laminin-I showing locations of 'iorne active peptides. The amino terminal 
globules are heparated by BGF-like repeats while the carboxyl region, where (he three chains are associated, 
is a coiled-coil structure. 

in 

There is consitlcrablc interest in laminin because of its potent and diverse biological activities 
both in vilro and in  vivo. It promotes cell adhesion, migration, growth, difierentiation, neurite out- 
growth, tumor growth, and mctastases. It  is active with endothelial cells as well. A number ofac- 
tivc sites on laminin have been identified using fragments, recombinant proteins, and synthetic 
peptides (23). Several synthetic peptides duplicating laminin sequences have becn found to affect 

. For examplc, Y IGSK (tyr-ile-gly-ser-arg) blocks lung colonization, tumor growth, 
and angiogenesis in the rabbit eye model and in the chick CAM assay (24-27). It also blocks en- 
dothelial cell tube formation on matiigel. The laminin peptidc SIKVAV is proangiogeriicl as dis- 
cussed abovc ( 14). Thc physiological role of these and other sites on laminin is not known. It is 
possihlc that sonie but not all are active in the intact molecule. It is also possible that during an- 
giogenesis and tumos invasion, when the basement membrane is degraded by the invading en- 
dothelial and tumor cells, fragments of laminin could become active for angiogenesis. Laminin is 
vcry protease sensitive and thus would be expected to be degraded. 

The entire laininin molecule has been duplicated by synthetic peptides of approximately 12 
amino acids and tested with various cell types, including endothelial cells (28-32). Endothelial 



34 Kleinman et al. 

cells were tested for cell adhesion and tube formation in the presence of the peptides. Many of the 
active peptides did not directly stimulate tube formation but rather disrupted it as expected (see 
Fig. 1). This assay revealed that ceriain laminin peptides in solution could affect tubes but did not 
indicate if the peptide was a stimulator or an inhibitor. Interestingly, many of the peptides dis- 
rupted the tubes resulting in differing morphologies, which suggests different mechanisms of ac- 
tion. The active peptides that disrupted tube formation and/or promoted endothelial cell adhesion 
were then tested for endothelial cell migration, ability to compete with laminin and other matrix 
substrates for attachment, aortic ring outgrowth, and sprouting from chick chorioallantoic mem- 
branes (i.e., in vivo angiogenesis). Some 21 active peptides were identified, four of which were 
not active with any other cell type tested, including tumor cells, neural cells, and salivary gland 
cells (Table 4). 

The identification of 21 laminin-derived peptides active for endothelial cells suggests that 
there arc a large number of active sites. It is possible that some are false positives due to charge 
but this number is likely to be small. It should be noted that more than 12 different receptors have 
been identified for laminin (33). Also, given the number and diversity of biological activities, one 
would expect multiple active sites. Since the laminin chains are so highly homologous, it is also 
possible that some of the active peptides are from homologous regions. This is expected given that 
12 of the active peptides are localized in the highly homologous amino terminal globular do- 
mains. The evidence for ihe actual biological relevance of these sites awaits identification of' the 
cellular receptors and functional studies using blocking antibodies. 

The extracellular matrix is comprised of highly diverse interacting molecules that regulate the 
structure and function of' organs and tissues. The basement membrane, in particular, has been 
shown to promote endothelial cell differentiation in vitro confirming its biological role. The im- 
pressive biological response of cells to matrix components, such as laminin, can be duplicated by 
small synthetic peptides comprising the active sites. Some 21 active sites on laminin have been 
described for endothelial cells. These sites may be active on the intact molecules or, alternatively, 
they become available during the breakdown of the basement membrane matrix during angio- 
genesis and tumor metastasis. 

Table 4 

Chain Tested 

a1 323 9 All cell typesa 7 in N terminal globules 

Laminin Peptides Active with Endothelial Cells 

Active Specificity Location 

2 in coiled-coil domain 
187 5 All ccll types 2 in EGF repeats 

1 in coiled-coil domain 
1 in signal region 
3 in N terminal globule 

2 in EGF repeats 
1 in coiled-coil domain 

P l  

154 7 3 with all cell types 4 in N terminal globules Y l  
4 only with endothelial cells 

"The cell types that were tested iiiclude B 16F10 melanoma, HI'IOXO fibrosarcoma, PC12 phetxhromocytoma, HSG 
salivary glmlcl cells, NG 108 cicurohlastoma X glioma, and primary cerebellar gianule neuron\. 
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1. INTRODUCTION 

Vasculitis is a condition charactcrized by inflammation of blood vessels. Its clinical manifesta- 
tions are dependent on the localization and size of the involved vessels as well as on the nature of 
the inflanimatory process. Vasculitis can be secondary to other conditions or can constitute a pri- 
mary, in most of the cases, idiopathic disorder (1). Underlying conditions in the secondary vas- 
culitides are infectious diseases, connective tissue diseases, and hypersensitivity disorders. Tm- 
mune complexes, either deposited from the circulation or formed in situ, a ~ e  involved, in many 
cases, in the pathophysiology of the secondary vasculitides. These complexes are supposedly 
composed of microbial antigens in the case oT underlying infectious diseases, autoantigens in the 
connective tissue diseases, and nonmicrobial exogenous antigens in the hypersensitivity di sor- 
d e n  Although immune deposits can be demonstrated in the involved vessel wall by direct im- 
munofluorescence in biopsy material, the spccificitics of the antibodies and their corresponding 
antigens have not been demonstrated in most of the cases. 

Thc primary vasculitides are, with the exception of Schonlein-Henoch purpura and cryo- 
globulinemia-associated vasculitis, characterized by paucity of immune deposits. The patho- 
physiology of vessel wall inflammation in these conditions is far from clarified. In the 1980s, au- 
toantibodies to cytoplasmic constituents of myeloid cells were detected in patients with idiopathic 
necrotizing small-vessel vasculitides. These antineutrophil cytoplasmic antibodies ( ANCAs), 
particularly those reacting with proteinase 3 (Pr3) and myeloperoxidase (Ml'O), wcrc shown to 
be sensitive and specific for Wegener's granulomatosis, microscopic polyangiitis, and necrotiz- 
ing crescentic glornerulonephritis, with absent or scant immune complex deposits. This suggests 
that the autoantibodies are involved in the pathogenesis of the associated diseases and positions 
these diseases within the spectrum of autoimmune disorders. Besides ANCA, antiendothelid cell 
antibodies (AECAs) have been described in patients with idiopathic systemic vasculitis. Such 
AECAs, could possibly play a role in the pathophysiology of vasculitis. There are, however, many 
uncertainlies regarding the antigenic specificities of AECAs and their clinical and pathophysio- 
logical significance in systemic vasculitis. 

This chapter primarily focuses on the significancc of ANCAs in systemic vasculitis. Addi- 
tionally, the possible role of AECAs in the idiopathic vasculitides is discussed. 
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II. ANTINE~TROPHIL CYTOPLASMIC ANTIBODI~S IN SYSTE 

A. Antigeni~ Specificities and Disease Associations 

1. c-ANCAs and Proteinase 3 
Antineutrophil cytoplasmic antibodies were first described by Davies et al. (2) in 1982 in a few 
patients with segmental nccrotizing glomerulonephritis. In 1985, van der Woude et al. (3) re- 
ported the presence of autoantibodies reacting with cytoplasmic components of neutrophils and 
monocytes in patients with Wegener's granulomatosis (WG). The antibodies produced a cyto- 
plasmic fluorescence pattern with accentuation of the area within the nuclear lobes when tested 
by indirect imiiiunofluorescence (IIF) on ethanol-fixed neutrophils (Fig. l), and were laier desig- 
nated c-ANCAs. Goldschmeding et al. (4) demonstrated that the target antigen of c-ANCAs was 
a 29-kDa scrine protease containcd within the azurophilic or a-granules of neutrophils that was 
different from elastase and cathepsin G, the other serine proteases in these granules. Further stud- 
ies (5-7) confirmed that this 29-kDa serine protease was identical to proteinase 3, which had al- 
ready been described by Kao et al. (8). Proteinase 3 lias been cloned and shown to he a 29-kDa 
glycoprotein of 228 amino acids (9). It is synthesized as a preproenzyme. A signal peptide at the 
N terminus is first proteolytically cleaved. Cleavage of the propeptide results in proteolytic ac- 
tivity of the enzyme. Finally, a peptide of seven residues is cleaved from the carboxy terminus 
which does not seem to influence enzymatic activity of Pr3 (10). Proteinase 3 is present both in 
monocytes and granulocytes and appears early in mono-myeloid differentiation. I t  is thought to  
be present in only myeloid cells (1 I ) ,  although Mayet el al. have described the occurrence of Pr3. 
both at the RNA and protein level, in a number of other cell types including endothelial cells 
( 1  2,13). In endothelial cells, cytokine stimulation induces surface expression of Pr3, which would 
make Pr3 accessible for the autoantibodies and might, thus, be relevant for the pathogenesis of 
vasculitis as will be discussed later. Whether or not Pr3 is present in endothelial cells is contro- 
versial. Proteinase 3, as recognized by human autoantibodies, has been Sound in humans and ba- 
boons only. Recently, a homologue of' Pr3 not recognized by human antibodies has been dc- 
scribed in mice and shows 69% homology with human Pr3 (14). 

Proteinase 3 is a serine protease that is slightly cationic (PI 7.6-9.0), has proteolytic activ- 
ity and is physiologically inhibited by a,-antitrypsin (15). The Pr3q-antitrypsin coniplexes can 
be detected in inflammatory fluids (15) and in sera, as shown in a study of patients with WG ( 16). 
Deficiency of a,-antitrypsin occurs more frequently than expected in patients with anti-Pr3 au- 
toantibodies and WG. However, patients with a,-antitrypsin deficiency do not appear to have an 
increased prevalence of c-ANCAs (17). Thus, a causal relationship between a, -antitrypsin defi- 
ciency and the development of c-ANCManti-Pr3 and WG has not been substantiated. 

Upon full activation of myeloid cells, degranulation occurs and Pr3, together with othcr 
granule constituents, is releascd. In vitro stimulation of neutrophils with low doses of proinflam- 
matory cytokines, such as tumor necrosis factor-a (TNF-a), interleukin- I or interleukin-8, results 
in membrane expression of Pr3 (and other granule constituents, such as MPO and lactoferrin) 
(18). These so-called. primed neutrophils expressing Pr3 and MPO can be further stimulated by 
ANCAs as will be discussed later. Surface expression of Pr3 occurs in some individuals in a low 
percentage of resting neutrophils (19) and, also in apoptotic neutrophils (20). 

Detection of autoantibodies to Pr3 is classically done by IIF on ethanol-fixed neutrophils 
(21), in which they, generally, produce a cytoplasmic pattern (see Fig. 1) .  The c-ANCA pattern 
is, however, not always identical with anti-Pr3 and antigen-specific assays such as Pr 3-specific 
ELlSAs (enzyme-linked imrnunosorbent assays) are required for as final test specificity. Those 
assays either use purified Pr3 (22) in a directly coated system or use a Pr3-specific monoclonal 
antibody to capture Pr3 from an a-granule extract (4,23). I t  should be realized that purification of 
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ure 1 Shining ol ethanol-fixed granulocytes by indirect i mniunofluorescence. Upper panel: charac- 
teristic cytoplasmic staining pattern with accentuation of the ttuorebcence intensity in the area within the nu- 
clear lobes (c-ANCAs). Lower panel: perinuclear staining pattern (p-ANCAs). 

Pr3 from buffy coats, as done by ion-exchange chromatography, is very laborious and requires 
large amounts of donor leukocytes. Furthennore, the capture ELISA has the advantage of having 
Pr3 presented in its native configuration, which is important since the human autoantibodies pri- 
marily react with con formational epitopes. This probably explains why recombinant proteins are, 
as yet, unsatisfactory far use in ELISA with the cxception of Pr3 expressed in a human mast cell 
line (24) and, possibly. recombinant Pr3 from a baculo-virus cxpression system (unpublished ob- 
servation). As shown in a collaborative Eitropean study, standardization of the assays i s  of utmost 
importance (22). 
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2. p-ANCAs and Myeloperoxidase 
Following the description of c-ANCA as a marker for WG, several groups observed that a num- 
ber of sera, from patients suspected of hdving vasculitis, produced a perinuclear fluorescence pat- 
tern on ethanol-fixed neutrophils. Falk and Jerinette (25) and our group (26) described MPO as a 
major antigen for p-ANCA-positive sera in patients with crescentic glomerulonephritis <and/or 
necrotizing vasculitis. Myeloperoxidase is a highly cationic protein (pl 1 1 .O) with a molecular 
weight of 146 kDa, and consists of two chains. By immunoprecipitation at least two bands of ap- 
proximately 60 and 42 kDa, representing a complete and a partly degraded single chain, are rec- 
ognized by monoclonal and human polyclonal anti bodies (4). 

Myeloperoxidase is present, like Pr3, in the azurophilic or a-granules of myeloid cells, but 
not in other cells. Human MPO shows considerable homology with mouse and rat MPO. Tmmu- 
nization of rats with human MPO results in the generation of antihuman MPO antibodies that 
cross-react with rat MPO (27), generating anti-MPO auloantibodies. The latter is relevant for the 
development of experimental models of anti-MPO-associated vasculitis/glomeruionephritis (28). 

MPO plays a critical role in the generation of reactive oxygen species. It catalyzes the gen- 
eration of hypochlorite from hydrogen peroxide and chloride anion. Ceruloplasinin is its natural 
inhibitor (29). Comparable to Pr3, full activation of neutrophils results in the release of MPO 
whereas priming of neutrophils with low concentrations of proinflammatory cytokines results 
in surface expression of MPO relevant for anti-MPO (ANCA)-induced neutrophil activation 
(IS>. 

Detection of anti-MPO can be screened for IF on ethanol-fixed neutrophils (21) (see Fig. 
1), where anti-MPO produces a perinuclear fluorescence pattern. This perinuclcar pattern is an ar- 
tifact of ethanol fixation. When neutrophils are fixed with a cross-linking fixative such as para- 
formaldehyde, anti-MPO-positive sera produce a cytoplasmic staining pattern. It has become clear 
that ANCAs of diverse specificities, such as lactoferrin, glucuronidase, elastase, cathepsin C,  and 
others, also produce a p-ANCA pattern (30,31). The latter autoantibodies occur in a wide variety 
of idiopathic inflammatory disorders other than vasculitis (30,3 1 ). Many p-ANCA-positive sera 
in those conditions have not yet been characterkd with respect to their antigenic specificities. 
Thus, for the detection of anti-MPO, antigen-specific assays are required. 

3. 
As discussed below, Pr3 and MPO are the major target antigens of ANCAs in the systemic vas- 
culitides. Two other antigens are recognized by ANCAs in these diseases. One is human leuko- 
cyte elastase (HLE), a 30-kDa serine protease from azurophilic granules. Autoantibodies to HLE 
as tested by capture ELISA have been detected in a few scra from patients with symptoms sug- 
gesting WG (32). The highly infrequent occurrence of anti-HLE does not warrant inclusion of 
testing for anti-HLE in the routine laboratory work-up for patients with vasculitis. Bactericidal 
permeability-increasing protein (BPI) is another antigen recognized by autoantibodies in sys- 
temic vasculitis. Bactericidat penneability-increasing protein, a 54-kDa protein localized in the 
azurophilic granules, is cytotoxic for gram-negative bacteria. It interacts with both the bacterial 
envelope and cell-free lipopolysaccharide, leading to bacterial killing and neutraliLalion of free 
endotoxin. Zhao et al. (33) reported that ANCAs directed to BPI were found in sera from patients 
with small-vessel vasculitides who were negative for anti-Pr3 or ‘anti-MPO. Anti-BPI occur also 
in chronic infectious diseases, particularly in patients with cystic fibrosis who are carriers of 
Pseudominus ueruginosa (34), and in idiopathic inflammatory diseases such as primary scleros- 
ing cholangitis (35). 

Other Target Antigens of ANCAs in Systemic Vasculitis 
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4. Associations of Anti-Pr3 and Anti-MPO with 
Clinical Disease Entities in Systemic Vasculitis 

Following the original description of c-ANCAs in WG (3), three major studies on more than 200 
patients have found a sensitivity of c-ANCNanti-Pr3 of 90% for extended WG characterized by 
the triad of granuloniatous inflammation of the respiratory tract, systemic vasculitis, and necro- 
ti7ing crescentic glornerulonephritis (36-38). The sensitivity of anti-Pr3 for limited WG, i.e., dis- 
ease manifestations without obvious renal involvement, was 75% (37). Specificity of anti-Pr3 for 
WG or related small-vessel vasculitides was 98% when selected groups o f  patients with idio- 
pathic inflammatoiy or infectious diseases were tested (363) .  The aforementioned studies were 
performed by groups highly experienced in ANCA testing. The high sensitivity and specificity of 
c-ANCAs for WG have, however, been questioned (39). Rao et al. (40) performed a meta-analy- 
sis on the role of c-RNCA testing in the diagnosis of WG. Summarizing current literature, they 
found a sensitivity of 66% and a specificity of 98% of c-ANCAs for a diagnosis of WG. Sensi- 
tivity rose to 91% when patients with active disease only were considered. Anti-Pr3 also occurs 
in primary vasculitides other than WG: 2540% of patients with microscopic polyangiitis (MPA), 
20-30% of patients with idiopathic necrotizing and crescentic glomerulonephritis (NCGN j, and 
a minority of patients with Churg-Strauss syndrome test positive for anti-Pr3 (42). Anti-Pr3 has 
only very infrequently been reported in other disorders (41). 

Whereas anti-Pr3 is primarily associated with WG, anti-MPO is found in primary vasculi- 
tis patients with a more diverse presentations (26,42j. In WG, most of the patients who test neg- 
ative for anti-Pr3, are positive for anti-MPO. Also, some 60% of patients with MPA, 65% of those 
with idiopathic NCGN, and 60% of those with Churg-Strauss syndrome are positive for anti- 
MPO (26,41,42). Anti-MPO has also been detected in 3040% of patients with anti-GBM disease 
(43). These patients are considerably older than patients with anti-GBM only, may have clinical 
signs suggesting associated vasculitis, and, possibly, have a better renal outcome. Furthermore, 
anti-MPO has been reported in connective tissue diseases, such as systemic lupus erythematosus 
(SLE) (44), and in various drug-induced disease states, such as hydrdlazine-induced glomneru- 
lonephritis and vasculitis-like syndromes associated with propylthiouracil, other antithyroid med- 
ications, minocycline, and penicillamine (45). It is clear from the previous data that there is 8 clin- 
ical overlap between patients with anti-Pr3 and anti-MPO. To further define the clinical 
characteristics of anti-Pr3- versus anti-MPO-associated vasculitis/glomeruIonephritis, Ranssen 
et al. (46) analyzed the cliiiical course of consecutive patients with anti-Pr3- and anti-MPO-as- 
sociated vasculitis/glomerulonephritis. They observed that patients with anti-Pr3 had a more ful- 
minant course prior to diagnosis, with more severe inflammation in their renal biopsies. In addi- 
tion, anti-Pr3-positive patients had more extra-renal disease manifestations, granuloma 
formation, and relapsed more frequently compared with anti-MPO-positive patients. These dif- 
ferences may, a1 least in part, be explained by a higher neutrophil-activating capacity of anti-Pr3 
compared with anti-MPO as shown by in vitro studies (47). Testing for ANCAs in patients sus- 
pected of vasculitis should include tests for both anti-Pr3 and anti-MPO. A large, prospective Eu- 
ropean collaborative study has analyzed the sensitivity and specificity of anti-Pr3/anti-MPO for 
the idiopathic small-to-medium-sized-vessel vasculitides (48). This study found that the combi- 
nation of cANCA by ITF and anti-Pr3 by ELISA or pANCA by IIF and anti-MPO by ELISA had 
a specificity of 98.4% in a group of 153 patients with either WG, MPA, or idiopathic NCGN com- 
pared with 184 disease controls and 740 healthy subjects. In that multicenter study, the sensitiv- 
ity of cANCA + anti-Pr3 or pANCA + anti-MPO for WG, MPA, or idiopathic NCGN was 73,67, 
and 82% respectively. These numbers are somewhat lower than in other studies, possibly since 
patients with minor disease activity were included as well. In conclusion, anti-PD/anli-MPO, but 
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not p-ANCA alone, are highly specific and reasonably sensitive markers for the idiopathic necro- 
tizing small-vessel vasculitides. 

B. Induction of Antineutrophil Cytoplasmic Antibodies 

Antineutrophil cytoplasmic antibodies are primarily of the immunoglobulin G (TgG) class (49) al- 
though IgM-class antibodies have also been described (50). Analysis of the IgC-subclass distri- 
bution of anli-Pr3 and anti-MI)O shows that antigen binding is primarily mediated by the IgGl 
and IgG4 subclasses (49). Immunoglobulin G3 subckdsses of ANCAs as studied for anti-Pr3 are 
prcsent as well, particularly in patients with WC and rcnal involvcment (49). These data suggest 
that the antibodies arise during an antigen-driven, T-cell-dependent immune response. Several 
groups have, therefore, analyzed the in vitro proliferative capacity of peripheral blood T cells on 
stimulation with Pr3 and MPO (5 1 j. Generally, patients with WG positive for anti-Pr3 respondcd 
more frequently and more strongly to Pr3 than controls, although lymphocytes from a substantial 
number of controls also proliferated in response to Pr3. In contrast, most patients with anli-MPO 
did not show in vitro lymphocyte proliferation to MPO, nor did most of the controls. Until now, 
no dominant T-cell epitopes have been identified for Pr3 or MPO. Identifying these epitopes may 
give a clue to a possible inducing agent that underlies development of anti-Pr3 or anti-MPO. 

What do we know about the induction or regulation of autoantibody production in relation 
to disease expression? Unfortunately, no consistent observations are available showing that the 
development of anti-Pr3 or anti-MPO precedes the clinical expression of the associated diseases. 
Some data, however, suggest that exogenous factors are involved. First, certain drug therapies, 
particularly propylthiouracil and hydralazine, are associated with the development of anti-MPO, 
sometimes in conjunction with vasculitis-like diseases or glomerulonephritis (45). Second, rner- 
curic chloride-induced autoimmune disease in rats involves the development of anti-MPO and, 
under certain circumstances, the occurrence of vasculitis, particularly in the gut (52). The mech- 
anisms underlying drug- and mercuric chloride-induced anti-MPO production are, however, far 
from clarified. 

It has been noted that reappearance or rises in anti-Pr3 levels are associated with or fol- 
lowed by reactivation of the disease in many patients (36,53,54). These findings have, however, 
been questioned in other studies (55). A meta-analysis of the available literature showed that 94 
out of 197 rises in ANCA levels were followed by a rclapse of WG, whereas 81 out of 157 re- 
lapses were preceded by a rise in ANCA titer (56). Differences in methodologies, however, do not 
allow a firm conclusion as to the diagnostic sensitivity and specificity of a risc in ANCA titcr for 
an ensuing relapse of the associated disease. Although a rise in titer should alert the physician to 
the possibility of an ensuing relapse, treatment based on rises in ANCA levels cannot be recom- 
mended bascd on thc data presently available. Nevcrtheless, the question remains what induces 
reappearance or rise in titer ol anti-Pr3? In this respect, studies by Stegeman et al. (57,58) may 
be relevant. They observed that chronic nasal carriage of SzaphyZococcus aureus was a significant 
risk factor for the occurrence of relapses in patients with WG (57). Also, persistence of c-ANCA 
af2ter induction of remission in these patients was a significant risk factor for relapse. Persistence 
of c-ANCA during remission was not independent of chronic nasal carriage of S. nureus, which 
might suggest that both factors are related. Furthermore, Stegeman et al. (58) demonstrated that 
maintenance treatment with co-trimoxazole in patients with WG resulted in a 60% reduction of 
relapses. How S. clureus may induce disease relapses is, presently, not clear but several hypotlie- 
ses have been formulated including a role of S. aureus-derived superantigens stimulating the 
(auto)immune response (59). 
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C. Pathogenic Potential of Antineutrophil Cytoplasmic Antibodies 
in Systemic Vasculitides: In Vitro Experimental Findings 

1. Interaction of ANCAs with Polymorphonuclear Granulocytes 
Falk el al. (60) were the first to demonstrate that polymorphonuclear granulocytes ( P m s )  can be 
activaled by ANCAs, resulting in their production of reactive oxygen species and release of lyso- 
soma1 enzymes. Polymorphonuclear granulocytes need, however, to be primed before they can be 
activated. Priming is a process of preactivation that can be accomplished in vitro with low doses 
of proinflammatory cytokines, such as tumor necrosis factor-a (TNF-a), interleukin-1 (IL- 1 j, or 
IL-8, and results in surface expression of the target antigens of ANCAs, such as Pr3 and MPO. In 
this way, the antigens are available for interaction with the antibodies. 

How activation of primed PMNs occurs after interaction with ANCAs has not been fully 
analyzed. Kettritz ct al. (61 j showed that ANCA-induced PMN activation is dependent on cross- 
linking of surface molecules, as ANCA IgG and F(ab'), fragments, but not Fab fragments, were 
capable of stimulating the production of oxygen radicals by primed PMNs. Others, however, havc 
not becn able to find activation of primed PMNs by using F(ab')2 fragments of ANCAs (62, 
63) and suggest that activation occurs via interaction of the autoantibodies with FcY receptors 
(Fc?). The ANCA-induced PMN activation was strongly inhibited when blocking monoclonal 
antibodies against FcPII were used. The FcyRIIa is the only Fcyreceptor that interacts with IgG2 
and also has a particular affinity for the IgC3 subclass. interestingly, in patients with WC experi- 
encing relapses, it was observed that increases in in vitro PMN-activating capacity of serum IgG 
correlated with increases in levels of the IgG3 subclass of anti-Pr3, and not with that of the other 
subclasses (64). This, also, suggests that FcyR-interaction is involved in ANCA-induced PMN 
activation. Reumaux et al. (65) demonstrated that, besides priming of PMNs and binding of 
ANCAs, a third factor is needed for in vitro PMN activation, and that is adherence of PMNs to 
a surface. Blocking antibodies to p2 integrins, particularly CDl8, inhibited PMN activation, 
suggesting that ANCA-induced PMN activation only occurs when primed PMNs are bound to a 
surface, e.g., endothelial cells, a process dependent on adhesion molecules, especially the p2 
integrins. 

What are the in vitro effects of ANCA-induced PMN activation? As mentioned before, 
activated PMNs produce aid secrete reactive oxygen spccies, they degranulale lysosomal en- 
zymes, including Pr3, MPO and elastase, and they produce inflammatory mediators, such as 
TNF-a, IL-1, IL-8, and leukotriene B, (18). As a consequence, other cells are attracted, primed, 
and activated, which results in a strong amplification of inflammation. The process is markedly 
enhanced in the presence of extracellular arachidonic acid (66), which also contributes to an 
increase in inflammation. Finally, upon activation by ANCAs, PMNs express increased lcvels 
of adhesion molecules, including pz integrins, that facilitate binding to and transmigration 
through the endothelial monolayer (1 8). In vitro studies have shown that interaction among 
(primed) PMNs, ANCAs, and activated endothelial cells can result in damage to the endothelial 
cells by toxic products released from the activated PMNs (67). In addition, lysosornal con- 
stituents, including Pr3 and MPO, may bind to the endothelial cell surface, serving as ''planted" 
antigens and targets for ANCAs. Indeed, endothelial cells can be coated in vitro with these anti- 
gens (68). Furthermore, in vitro incubation of endothelial cells with Pr3 induces production of IL- 
8 (69), endothelial cell apoptosis (70), and endothelial cell detachment and ly 
fects were independent of the serine prolease activity of Pr3. Taken together, although the exact 
mcchanisms involved are not fully elucidated, there is evidence that ANCAs, in vitro, are able to 
augment and sustain a PMN-mediated inflammatory reaction, particularly affecting endothelial 
cells. 
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2. Iiiteraction of ANCAs with Monocytes 
Since Pr3 and MPO are also constituents of granules froin monocytes, these cells are likely to be 
targets for ANCAs as well. The ANCAs stimulate monocytes to produce and releasc reactive 
oxygen species, IL-8, and monocyte chemoattractant protein-1 (MCP-1) (72,73). In vivo, ANCA- 
induced MCP- 1 secretion may play an important role in the formation of granulomas by amplifi- 
cation of local monocyte recruitment. Fluorescence-activated cell sorter (FACS) analysis of cir- 
culating monocytes of patients with WG showed the presence of MPO and Pr3 on the cell surface 
during active disease and relapses, and inonocytes do express FcyRIIa (74). This suggests that the 
mechanisms underlying ANCA-induced monocyte activation are similar to those observed for 
PMNs. 

3. Interaction of ANCAs with Endothelial Cells 
As discussed previously, Mayet et al. (12,13) dcscribed Pr3 expression by endothelial cells that 
was not confirmed by others (1 1). Expression of Pr3, as demonstrated by Mayet et al. (12), was in- 
creased and translocation of the enzyme to the cell membrane was observed after stimulation of 
endothelial cells with either TNP-a, interferon (IFN), or IL-1, making Pr3 available for interac- 
tion with circulating ANCAs. It should, however, bc noted that within vascular lesions in ANCA- 
associated vasculitis, deposits of immunoglobulins are absent or scant, Therefore, direct or indi- 
rect binding ofANCAs to endothelial cells as a pathophysiological mechanism in the development 
of ANCA-associated vasculitis has been disputed. Further in vitro studies have demonstrated some 
other potentially pathogenic effects of anti-Pr3 on endothelial cells. De Bandt et al. (75) showed 
that anti-Pr3 are able to induce upregulation of adhesion molecules and expression of J L -  1 and tis- 
sue factor by endothelial cells. Sibelius et al. (13) observed that incubation ofendothclial cells with 
anti-Pr3 resulted in phosphoinositide hydrolysis-related signal transduction followed by the syn- 
thesis of prostacyclin and platelet-activating factor and by increased endothelial protein leakage. 
Thus, anti-Pr3 may potentially affect endothelial cells in ANCA-associated vasculitis. However, 
the expression of Pr3 by endothelial cells is not uniformly accepted. 

A schematic representation of the iinmune mechanisms supposedly involved in the patho- 
physiology of  ANCA-associated vasculitis is given in Figure 2 (18). 

4. Interaction of ANCAs with Their Target Antigens 
Antineutrophil cytoplasmic antibodies may also affect the enzymatic properties of their target 
antigens, Binding of anti-Pr3 to Pr3 can inhibit the irreversible inactivation of Pr3 by a,-anti- 
trypsin although most anti-Pr3-positive sera also inhibit thc enzymatic activity of Pr3. Binding 
of anti-Pr3 to Pr3 may interfere with the clearance of Pr3 released from neutrophils. Dissociation 
of active Pr3 from these complexes may contribute to tissue injury. A longitudinal study of WG 
patients showed that disease activity correlated better with thc amount o f  iiihibitory activity of 
anti-Pr3 on the inactivation ofPr3 by a,-antitrypsin than with the anti-Pr3 titer ilsclf (76). 

Anti-MPO may likewise interfere with the enzymatic activity of its target enzyme. In addi- 
tion, anti-MPO may interfere with binding of MPO to its natural inhibitor ceruloplasmin (29). 
Correlations between clinical disease activity of anti-MPO-associated vasculitis and such in vitro 
effects of anti-MPO have not been described. 

D. Pathogenic Potential of Antineutrophil Cytoplasmic Anti 
Systemic Vasculitides: In Vivo Experimental Findings 

Although the aforementioned findings suggest that ANCAs are potcntially pathogenic, in vivo ex- 
perimental modcls are clearly needed to further analyze how these autoantibodies can induce spe- 
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Fig Schcinatic representation of thc immunc mechanisms supposedly involved in the pathophysiol- 
ogy of ANCA-associated vasculitides. (1  ) Cytokines released due to (local) infection cause upregulation of 
adhesion molecnles on the endothelium and priming of neutrophils and/or monocytes. (2 )  Circulating 
primed ncutrophils and/or monocytch express the ANCA antigens on the cell surface. (3) Adherence of 
primed neutrophils and/or monocytes to thc cndothclium, followed by activation of these cells by ANCAs. 
Activated neutrophils and/or monocytes release reactive oxygen species (KOS) and lysosomal en~ymes, 
which leads to endothelial cell injury and eventually to necrot ihg inflammation. (4) Degranulation of pro- 
teinasc 3 (Pr3) and myelopcroxidase (MPO) by these ANCA-activatcd neutrophils and/or monocytes results 
in endothelial cell activation, cndothelial ccll injury, or evcn endothelial cell apoptosts. Furthermore, bound 
Pr3 and MPO serve as planted antigens. resulting in in  situ immune complexes, which in turn attract other 
neutrophils. ( 5 )  ANCA-induced monocyte activation lead5 to production of monocyte chcmoattraclant pro- 
tein-I (MCP-I) and interleukin 8 (IL-8) production by thesc cclls. The release of chemoattractants by these 
cells amplifie5 monocytc and neutrophil rccruitmcnt possibly leading to granuloma formation. (6) (A) to (U) 
rcprcscnt the four prercqukites for endothclial cell damage by ANCA: (A) the presence of ANCAs, (B) ex- 
pression of thc target antigens for ANCAs on primed neutrophils and monocytes, (C) the necessity of an in- 
teraction between primed rieutrophils and endothelium via p2 inlegrim, and Iinally, (D) activation of en- 
dothelial cclls. (From Ref. 18.) 

cific lesions in intact animals. To date, several animal models have been described but none of 
them seems fully equivalent to the human situation. 

Devclopmcnl o f  anti-MPO antibodies has been described in Brown Noiuray (BN) rats ex- 
posed to mercuric chloride (52). These anti-MPO antibodies are generated as part of a polyclonal 
response that includes antinuclear antibodies, antibodies to DNA, collagen, thyroglobulin, and 
components of the glomerular basement membrane. The animals develop inflammatory lesions 
in many organs, especially in the duodenum and ceciim, where necrotizing leukocytoclastic vas- 
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cut it is of submucosal vessels is apparent and is accompanied by a neutrophilic and mononuciear 
infiltrate. Pretreatment of the animals with antibiotics markedly reduces the vasculitic lesions 
suggesting that microbial factors are involved in the expression of the lesions. Although anti- 
MPO antibodies are present in mercuric chloride-treated EN rats, their pathogenic potential is 
not apparent from this model. 

In 1993, Kinjoh et al. (77) described an inbred strain of mice, derived from (BXSBx 
MRUNlp-lprllpr)F 1 hybrid mice, that spontaneously developed rapidly progressive crescentic 
glomerulonephritis and necrotizing vasculitis. These mice develop antibodies to MPO, again as 
part of a polyclonal response including other autoantibodies as well. Another recombinant con- 
genic strain of mice, designated McHS-IprApr, spontancously develop granulomatous suteritis, 
particularly in the kidneys, but, in most cases, without glomemlonephritis (78). Anti-MPO and 
anti-DNA titers are low in these mice, particularly compared with titers in the “Kinjoh” mice. The 
impact of these findings for our understcanding of human ANCA-associated vasculitislglonieru- 
lonephritis is not clear. 

In order to develop a model for anti-MPO-associated glomerulonephritis, Brouwer et al. 
(79) immunized BN rats with human MPO in complete Freund’s adjuvant. MPO-immunized rats 
developed antibodies to human MPO cross-reacting with rat MPO. Immunized rats subsequently 
had pedused into the renal artery products of activated neutrophils, including proteolytic en- 
zymes, MPO, and its substrate hydrogen peroxide (H202). In contrast to control immunized rats, 
MPO-immunized rats developed scvere necrotizing crescentic glomerulonephritis with intersti- 
tial infiltrates and vasculitis but without immune deposits. Immune deposits were present in the 
very initial phase but later disappeared, perhaps because of neutrophil activation by anti-MPO an- 
tibodies, inducing necrotizing inflammation with breakdown of immune deposits. Since ANCA- 
associated vasculitis is a systemic disease, Heeringa et al. (80) in-iected MPO-immunized BN rats 
in the jugular vein with a neutrophil lysosomal extract and H202. These rats developed severe 
necrotizing vasculitis in the lungs and gut. To further prove the phlogistic potential of anti-MPO 
antibodies, they also injected MPO-immunized BN rats with a subnephritogenic dose of rabbit 
anti-glomerular basement membrane (GBM) antibodies. In control immunized rats only minor 
lesions developed. The MPO-immunized rats, which had developed anti-rat MPO antibodies, 
showed severe renal lesions with fibrinoid necrosis of glomemlar capillaries and crescent forma- 
tion (28). This demonstrates that the anti-MPO immune response was able to severely aggravate 
the anti-CBM disease in this model. 

The aforenientioncd models all relate to anti-MPO-associated vasculitides. Induction of 
autoimmunity to Pr3 in experimental models is hampered by the fact that the equivalent of human 
Pr? in rats and mice shows only a restricted homology to human Pr3 (14). Human Pr3-ANCAs 
do not recognize rat or mowe Pr3 as tested by IIF, and immunization of rats with human Pr3 does 
not result in the formation of antibodies that react with cytoplasmic components of rat myeloid 
cells. Therefore, at present, the role of autoimmunity to Pr3 cannot be studied in in vivo experi- 
mental models. Induction of autoantibodies to Pr3 has, however, been described in mice by the 
group of Shoenfeld using idiotypic manipulation (81). In this model affinity purified human anti- 
Pr3 antibodies are injected into nice. These mice develop Pr3-specific anti-idiotypic antibodies 
after 2 weeks, and anti-anti-idiotypic ‘antibodies that react with Pr3 after 4 months. Surprisingly, 
sera From these nuce also reacted with human MPO and endothelid surface proteins. After 8 
months, some mice developed inflammatory lesions in their lungs. Reactivity of rhe antibodies to 
mouse Pr3 was, however, not demonstrated, which questions the autoimmune basis of this model. 

Taken together, a fully satisfying animal model for anti-Pr3- or anti-&PO-associated vas- 
culitislglomemlonephritis is presently not available. Some data from experimenlal studies do, 
however, support a pathophysiological role for ANCAs. 
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E. Conclusion 

Both Pr3-ANCAs and MPO-ANCAs, but not ANCAs alone as tested by IIF, are important diag- 
nostic markers for Wegener’s granuloniatosis, microscopic polyangiitis, Churg-Strauss syn- 
drome and idiopathic necrotizing crescentic glomemlonephritis. Changes in levcls of Pr3- 
ANCAs ‘and possibly MPO-ANCAs are related to changes in diseasc activity although this 
correlation is far from absolute. In vitro studies clearly demonstrate the potential of the antibod- 
ies to interact with myeloid cells resulting in their activation and enhanced destructive activity to- 
ward endothelial cells. In vivo experimental models, although not perfect imitators of the human 
situation, support a pathophysiological role for MPO-ANCAs. 

111. ANTIENDOTHELIAL CELL ANTIBODIES 

Antiendothelial cell antibodies (AECAs) represent a heterogeneous group of antibodies found in 
various inflammatory diseases. Nearly three decades ago, these antibodies were reported by 
Lindquist and Osterland (82), who detected specific staining of the vascular endothelium by sev- 
eral serum samples during tesling for antinuclear antibodies on mouse kidney sections as tissue 
substrate. Later, cultured hum‘an endothelial cells (ECs) were used as a substrate to detect AECAs 
and it was found that AECAs react with different endothelial antigens ranging in molecular weight 
from 25-200 kDa as demonstrated by imniunoprecipitation of crude extracts from ECs (83). 

In vitro, it has been demonstrated that AECAs may directly cause EC injury and/or apop- 
tosis of ECs or interfere with several EC functions (84). Therefore, AECAs have been postulated 
to be of pathophysiological relevance. Their pathophysiological role, however, is uncertain. It is 
not known if thesc antibodies are generated before or after vascular damage or if they actually 
cause vascular dysfunction in vivo. Here, we discuss the possible role of AECAs in the patho- 
physiology of vasculitis and the value of AECAs as markers of disease activity. 

A. Methods of Detection 

Antiendothelial cell antibodies are usually detected by enzyme-linked immunosorbent assays 
(ELIS As) using as a substrate cultured human umbilical vein endothelial cells (HUVEC) that are 
passaged three to four times (83-87). Confluent cells are usually fixed with gluturaldehyde or 
parafonnaldehyde to avoid nonspecific IgG binding. Fixation, however, induces increased per- 
meability of EC membranes. Reactivity of patient sera in an AECA-ELISA in which fixed ECs 
are used may therefore be partially attributed to reaction with intracellular constituents. In addi- 
tion, fixation induces EC tnembrane alterations that facilitate binding of antibodies to negatively 
charged phospholipids (88). To avoid these artifacts, several groups have used ELISAs with un- 
fixed ECs to dctect AECAs (86,87). Unfortunately, very few reports have compared detection of 
AECAs on fixed ECs with that on unfixed ECs. Antiendothelial cell antibodies also can be de- 
tected by methods such as immunofluorescence assays, radioimmunoassays, FACS analysis, iin- 
inunoblotting, and imrnunoprecipitation, and by cell-mediated functional assays such as comple- 
ment-dependent cytotoxicity (CDC) and antibody-dependent cytotoxicity (ADCC) (83). Results 
obtained in these tests may differ. Substrates other than HUVEC have been used, e-g., cell mem- 
brane extracts, cells from reiial or adipose microvasculature, an endothelial-epithelial cell line 
(ix., EAhy 926), or a spontaneously transformed EC line, ECV 304 (83). Each of these substrates 
has its own advantages and disadvantages. Despite these differences, concentrated efforts are cur- 
rently being made to standardize tests for the detection of AECAs. 
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B. Endothelial Antigens 

Antiendothclial cell antibodies are a group of autoantibodies directed against a variety of en- 
dothelial autoantigens. The antigens recognized by AECAs are, generally, not specific for ECs 
(83). Endothelial cell-specific AECAs are only found in a few instances, e.g., in sera from pa- 
tients with Kawasaki disease (KD). In most other cases, AECAs react not only with ECs, but also 
with other cells such as fibroblasts and/or peripheral blood mononuclear cells, as demonstrated 
by absorption studies (83). 

The EC antigens either show a constitutive and stable expression or can be modulated by 
cytokines (83). Cryptic antigens have been described as well (89). In some cases, activation of EC 
by cytokines may be a prerequisite for the detection of AEiCAs (83). Finally, antigenic deterrni- 
nants for AECA may in fact be molecules that adhere to ECs, e.g., deoxyribonucleic acid (DNA), 
P,-glycoprotein I (p,-GPI), and/or MPO (83). These so-called “planted” antigens adhere to the 
endothelium either directly, through charge-mediated mcchanisms (MPO, P2-CPI), or indirectly, 
via a DNAhistone bridge (DNA). Serum samples have been shown to contain MPO, DNA, 
and/or p2-GPI (83). Myeloperoxidase, P,-GPI, and/or DNA present in these samples may adhere 
to ECs during incubation of ECs with sera. Thus, anti-DNA, anti-P,-CPI and/or anti-MPO, when 
prescnt in the sera, may falsely be detected as AECAs. This phenomenon that occurs in vitro may 
also occur in vivo although no data are available that prove in vivo binding. Many AECA anti- 
gens are still not well characterized. 

1. Constitutive Endothelial Antigens 
Human leukocyte antigen (I-ILA) class I antigens, norinally present on ECs, are not a major anti- 
genic determinant for AECAs as, for most AECA-positive sera, no significant loss of AECA ac- 
tivity is observed after absorption with other cells expressing HLA class I antigens (83). Further- 
more, AECA-positive sera are usually negative for the presence of anti-HLA class 1 antibodies 
as detected in a cytotoxicity assay against a largc panel of human lymphocyte donors (90), and 
react with ECs from donors with different HLA phenotypes to the same extent. Many constitu- 
tive endothelial antigens for AECAs are not yet characterized. Whcn proteins are extracted from 
lysed endothelial cells, transferred to nitrocell dose membranes, and subsequently incubated with 
serum samples from patients, IgG antibodies to several protein bands can be detected by im- 
munoblotting. When cell surface membrane proteins are selectively radiolabeled and subse- 
quently used in irnmunoprecipitation assays, some disease-specific endothelial antigens can be 
imnunoprecipitated, such as a 125-kDa band in WG and a 200-kDa band in SLE (86). Antien- 
dothelial cell antibodies distinct from those that react with cell surface membrane proteins have 
also been described. These AECA may react with extracellular matrix (ECM) components. By 
testing serum samples Erom patients with various systemic vasculitides, Direskeneli et al. (91) 
found a 25% reduction of AECA binding after iiicubation of the sera with a crude extract of ECM 
components. Different extracellular matrix components may be targct antigens of AECAs such as 
collagen types 11, IV, and VII, virnentin, and/or laminin (84,91,92). Antibodies to collagen 11 and 
IV have been described in a large variety of diseases, including vasculitis (91,93), antibodies to 
laminin in a high proportion of patients with primary Kaynaud’s phenomenon and/or systemic 
sclerosis (92), and antivimentin antibodies in patients with SLE (94). 

2. Cryptic Antigens 
Human leukocyte antigen class II determinants are present on activated ECs only, and could rep- 
resent target antigens for AECAs. Antibodies to HL,A class IT antigens are implicated in the 
pathogenesis of rejection of transplanted organs (83). Proteinase 3 may be another cryptic target 
antigen for AECAs. 



Autoantibodies in Vasculitis 49 

3. “Planted” Antigens 
Cationic proteins from leukocytes may be target antigens both for ANCAs and, as planted anti- 
gens, for AECAs. Cationic ANCA antigens, in particular MPO, may bind to ECs after being re- 
leased by activated neutrophils and/or monocytes. Binding to ECs occurs, probably, via a charge- 
mediated mechanism (68). Another example of a “planted” antigen for AECAs is P,-GPI. 
Anti-P,GPI antibodies have been described in diseases such as SLE, primary antiphospholipid 
syndrome, and Sneddon’s syndrome (83). The &-GH adheres to EC membranes (84) and may 
be present in sera. Furthermore, EC-bound &-GPI is recognized by anti-&GPI antibodies (95 j. 
Deoxyribonucleic acid is another example of a ‘‘planted antigen” (96). During testing for AECAs 
on fixed ECs, some groups found a strong association between AECAs and anti-DNA antibodies 
in SIB patients (83). In addition, monoclonal anti-DNA antibodies also bind to EC membranes 
(96). This binding was, at least partially, caused by binding of DNManti-DNA immune com- 
plexes to ECs and was enhanced by the addition of histones. Furthermore, treatment of HUVEC 
with DNase reduced the binding of monoclonal DNA antibodies to HUVEC by 20%, suggesting 
that DNA may indeed be present on the surface of HUVEC (96). 

C. Disease Associations 

Antiendothelial cell antibodies are described in a variety of diseases, such as connective tissue 
diseases, systemic vasculitides, and others (83). Their associations with the vasculitides are dis- 
cussed here. 

1. Large-Vessel Vasculitis 
In 1967, Nakao et al. (97) reported antiaortic antibodies in patients with Takayasu’s arteritis (TA). 
However, these findings could not be reproduced (98). Brasile et al. (99) later described AECAs 
in three patients with temporal arteritis and one with TA. One of the serum samples was also 
testcd for reactivity with frozen cadaveric vessel sections from different anatomical sites and re- 
acted with the iliac artery, the inferior mesenteric artery and veins, but not with the aorta. Others 
have reported high titers of AECAs in almost all patients with TA, confirmed by ELlSA, FACS 
analysis, and confocal microscopy (1 00). Salojin et al. ( I  Ol) ,  however, found AECAs in only 7 
of 21 (33%) patients with TA and 8 of 26 (31%) patients with temporal arteritis. 

2. Medium-Sized-Vessel Vasculitis 
Brasile et al. (99) reported AECAs in four patients with polyarteritis nodosa (PAN), whereas only 
10 of 32 (3 1%) patients with PAN gave a positive rcaction in the study of Salojin et al. (101). In 
Kawasaki disease. IgM AECAs were observed in 53% of patients, whereas 1gG ABCAs were 
only infrequently seen ( 1  02). The antigens involved are still not well characterized, but cytokine- 
inducible epitopes may be important (103 j. Complement-dependent cytotoxicity has been found 
in the majority of KD sera (102,103), particularly when cytokine-stimulated ECs were used as a 
substratc (103). By ELISA, however, AECA binding can be detected on both nonstimulated and 
TNF-a-stimulated ECs (102). Antiendothelial cell antibodies may be a marker of disease activ- 
ity in KD, insofar as the antibodies disappear in convalescent patients (103). 

3. Small-Vessel Vasculitis 
In WG, MPA, and Churg-Straws syndrome, AECAs are frequently found (prevalence 40-100%) 
(85,87,90,104,105). About 40% of AECA in the small-vessel vasculitides are, however, only bor- 
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derline positive (85,87). Antiendothelial cell ‘antibodies are more frequently found in patients 
with MPO-ANCAs than in those with Pr3-ANCAs (85). The endothelial antigens recogni~ed by 
AECAs in thesc diseases are not well characterized. Some Pr3-ANCAs may bind to ECs (12), but 
cross-absorption studies show that most serum samples bind to ECs independent of their binding 
to ANCA antigens (106). Protein bands of 25, 68, 125, 155, and 180 kDa were detectcd by im- 
munoblotting. The 68- and 125-kDa b‘ands were characteristic for WG patients (86). Immuno- 
globulin G binding to EC was enhanced by pretreatment of ECs with TNF-a or IL- 1 (85). Antien- 
dothelial cell antibodies from patients with WG activated ECs resulting in iricrcased expression 
of adhesion molecules and secretion of IL-6,1L-8, and MCP-1 (87,106). These effects were more 
prominent in patients with high AECA titers than in those with borderline titers (87). The AECA 
levels correlate with disease activity (90,104) and increasing AECA titers may be used as a 
inarker of relapse, especially in ANCA-negative cases (107). In a prospective study on 10 patients 
followed during a mean period of 36 weeks, a rise of AECA titers was seen in 8 or I 1 relapses 
and patients persistently positive for AECAs were at risk of a subsequent relapse (107). 

at~ogenetic Role 

The correlation between changes in AECA titers and disease activity suggests a role for AECAs 
in the induction of vessel wall damage, although it does not exclude the possibility that AECAs are 
a result of vascular injury. Several mechanisms have been proposed by which AECAs may play a 
role in the pathophysiology of vasculitis. Binding of AECAs to ECs may result in activation of 
ECs. Upregulated expression of endothclial adhesion molecules such as E-selectin, intercellular 
adhesion molecule- 1 (ICAM-1), and/or vascular cell adhesion molecule-1 (VCAM-1) was found 
after incubation of ECs with IgC AECAs (106). Similar findings were reported for anti-Pr3, 
anti-P,-CPI, and anti--HLA class I antibodies (84,108,109). Activation by AECAs may also result 
in the secretion of chenioattractants and/or cytokines (87,106). In addition, binding of AECAs to 
ECs may cause inhibition of prostacyclin production by ECs (110). More recently. it has been 
shown that AECAs from patients with vasculitis and/or systeniic sclerosis may induce apoptosis 
of ECs (88). During this process, anionic phospholipids (most notably phosphatidylserine) are 
exposed on the surface of the cells providing binding sites for P,-GPI and, subsequently, an- 
tiphospholipid antibodies (1 11). This may result in proinflammatory clearance of apoptotic cells 
(1 12). Alternative mechanisms by which AECAs could be a trigger in the pathogenesis of associ- 
ated diseases are CDC and/or ADCC. Complement-dependent cytotoxicity toward cytokine-acti- 
vated ECs has been reported in Kawasaki’s disease (102,103) but not in other forms of vasculitis, 
and ADCC has occasionally been demonstrated using serum samples from patients with WG or 
MPA (85). 

A deliiiitc animal model supporting a pathophysiological role oCAECAs has not yet been 
devcloped, but several modcls are suggestive in this respect. Injection of antibodies to EC anti- 
gens, such as angiotensin-converting enzyme (ACE) or factor VIII von Willebrand, induces lung 
injury and/or glomerulonephritis in rabbits and rats (83). Furthermorc, AECAs can be detcctcd in 
serum samples from lupus-prone (MRL lpr/l pr) mice (84). In an anti-idiotypic animal model, 
AECAs were induced in mice immunized with human IgC having AECA activity. The appear- 
ance of AECAs in thesc animals was associated with glomerular vascular inflammation ( 1  13). 

E. Conclusion 

Antiendothelial cell antibodies are detected in a variety of vasculitic and other inflammatory dis- 
orders. They are of limited value in the differential diagnosis of these diseases. Several studies 
support a role for AECAs in the pathophysiology of certain vasculitides. The antibodies may ac- 



51 

tivate ECs, induce apoptosis, and induce coniplcment-mediated and/or antibody-dependent vas- 
cular damage. Further characterization of putative target antigens wouid be helpful in the search 
for a possible pathophysiological role of these antibodies. 
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I. INT~ODUCTION 

The host immune response is an integrated system of natural (innate) and specific immune mech- 
anisms. By recognizing antigen with exquisite specificity, the specific immune responses dircct 
and focus inflammatory processes to the site of antigen where they orchestrate and amplify the 
natural immune reactions. In contrast to the innate immune response, the specific immune system 
memorizes antigenic encounters. In subsequent encounters, as is the case with antigen reexposure 
or chronic antigen persistence, specific immune responses become increasingly effective and, 
therefore, more difficult to interrupt by immunosuppressive therapy. Like physiological immune 
responses, the inflammation in vasculitic syndromes has components of specific and of natural 
immunity. The spectrum varies from dominant T-cell involvement in large-vessel vasculitides to 
the predominance of innate immune mechanisms in small-vessel inflammation. Even within a 
vasculitic entity, the relative contribution of the different immune mechanisms can vary, possibly 
as a function of disease duration as exemplified in polyarteritis nodosa. 

T cells are the principal mediators of specific immunity. They recognize antigen in the forin 
of antigenic peptides complexed to major histocompatibility complex (MHC) molecules on the 
surface of antigen-presenting cells (1 ). Principally, two classes of MHC molecules can be distin- 
guished. The MHC class I molecules are expressed on all somatic cells, predominantly present 
endogenous peptides derived from cytoplasmic proteins, and are recognized by CDX T cells. The 
MHC class I1 molecules have a very restricted tissue distribution. They bind antigens that are en- 
docytosed by specialized antigen-presenting cells, such as dendritic cells, macrophages, and B 
cclls, and they present the antigenic peptides to CD4 T cells. T-cell receptor stimulation by the 
appropriate MHC-peptide complex initiates a cascade of events that culminates in the clonal ex- 
pansion of lhe antigen-specific T cell, the release of cytokines, and the differentiation of the T cell 
into an effector cell. 

II. ~OLECULAR ASIS OF T-CELL ACTIVATION 

T cells express a clondlly distributed T-cell receptor (TCK) to recognize peptide MHC complexes 
(2). In the majority of T cells, the receptor consists of a cc and /3 chains, covalently linked by disul- 
tide bonds. A less common subset of T cclls is composed of y and 6 chains ( 3 ) .  Both types of T- 
cell receptors signal through the CD3 molecule, which consists of four chains (y, 6,  and 2 ~ )  non- 
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Figure 1 Schematic diagram of molecular pathways in T-cell activation. Upon rccognition of antigen 
complexed with MHC class I1 (or class I) molecules, CD4 (or CD8 in case of CD8 T cells) i q  clustered with 
the T-cell receptor cvmplcx and induces the phosphorylization of domains on the invariant chiiins of the CD3 
molecule as well as on the C,-( dimer. Phosphorylization of these siks alluws for thc docking and subse- 
quent phosphoryliLation of a number of proteins, among them ZAP-70 and PLC-y. PLC-y activation initi- 
ates a cascade of cvcnts that results in the intracellular mobilization of calcium and the activation of cal- 
cineurin and the nuclear transcription factor NFAT. ZAP-70 docking, over a series of intermediary steps, 
leads to the activation of a cascade of serine-threonine kinases (MAP kinases) that activate or induce the 
tranxription of several transcription factors, including AP- 1. These signaling events do not induce complete 
T-cell activation unless the CD28 costimulatory pathway i s  activated. CD28-induced signaling is Icss well 
defined but may preferentially influence the activation of the transcription factors NFAT and NFKB. Acti- 
vated transcription factors are translocated into the nucleus and initiate the transcription ol‘ multiple genes, 
including the cylokine genes JJ3T-y and 11,-2. 

covalently associated with the T-cell receptor and the c-chain hornodiiner (4). Upoii antigenic 
triggering of the T-cell receptor, the CD3/c coinplex transduces signals that lead to T-cell activa- 
tion (Pig. I } .  However, T-cell receptor-trwsduced signals are usually not sufficient lo aclivate a 
T cell. The coordinate stimulation of two independent signaling pathways is required for T-cell 
activation. This “two-signal hypothesis” provides a possible explanation of bow self- and nonself- 
antigens are distinguished and how tolerance to self is achieved (5). T cells that receive signals 
from the TCK in the absence of costimulatory signals arc rendercd incapable of responding to an 
antigen, even if that antigen is later presented again in the context of costimulatory niolecules. 
This form of T-cell activation has been termed “clonal anergy.” Also, T cells solely stirnulated 
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through the TCR in the absence of costimulatory signals fail to induce antiapoptotic proteins and 
tcnd to undergo apoptosis. 

Several costimulatory molecules 0x1 T cells have been described, the most important of 
which is the 0 2 8  molecule (6,7). The ligands for the CD28 molecule, CD80 and CD86, are only 
expressed on prolessional antigen-presenting cells under normal circumstances. Coslimulation 
through the CD28 molecules is essential to induce the transcription of intcrlcukin-2 (IL-2) and 
thc antiapoptotic protein bcl-xL. Lack of costimulation via CD28 has bccn postulated as the 
major mechanism of maintaining peripheral tolerance of CD4 T cells to self-antigens. Obviously, 
CD4 T cells should be tolerizcd when somatic cells aberrantly express MHC class I1 molecules 
and present sell-antigens in the absence of CD80 and CD86 expression. If antigen-presenting 
cells express the ligand for the CD28 molecule, incorporate exogenous antigen, and process and 
present it to CD4 T cells, T cell activation is initiated. Tolerance mechanisms for CD8 T cells are 
slightly different bccausc activated CD4 T cells may substitute for the costirnulatory signals. Ac- 
cordingly, CD8 T cells are inactivated if they recognize MHC class I-associated antigens in thc 
absence of T-cell help. 

111. SE ASSOCIATIO 

The MHC region encompasses a cluster of several genes, many o f  which are involved in T-cell 
regulaljon, that display allelic polyniorphisins within the human population. The MHC class I re- 
gion includes at least six genes, HLA-A, -13, -C, -E, -F, and -G; at least HLA-A, -B, and -C are 
polymorphic. The MHC class I1 region encodes for the a and p chains of the HLA-DR, HLA- 
DQ, and HLA-DP molecules. HLA polymorphisms, in particular allelic variants of MHC class 11 
molecules, have been found to function as predisposing factors for chronic inflammatory dis- 
eases, particularly those with autoimmune characteristics (X). Because HLA polymorphisms de- 
termine the specific binding of antigenic peptides and directly interact with T-cell receptor mol- 
ecules, the HLA association oi  these autoiinmune syndromes implies that antigen recognition by 
T cells is a critical step in the pathogenesis (Table 1). 

The large-vessel vasculitides, Takayasu’s arteritis and giant cell arteritis (GCA), are both 
associated with MHC polymorphisms. In Takayasu’s arteritis, MHC class I molecules encoded at 
the HLA-B locus are enrichcd in different ethnic populations, indicating that stimulation of CD8 
T cells by antigenic peptides may be critically involved in this inflammatory disease (9). In Japa- 
nese patients with Takayasu’s disease, associations with HLA-B52 and with HLA-B39 have been 
reported ( 1  0). An association with HLA-B52 is also present in the Native American population, 
whereas HLA-B39 appears to be the disease-associated allele in the Mexican population ( I  1). As- 
sociations with MHC class 11 antigens are less pronounced in palients with TdkayaSU’S arteritis. 
Increased frequencies of E-ILA-DRB 1 * 1502 allele in the Japanese population and HLA- 
DRBl*l301 in the Mexican population may be in linkage disequilibrium with HLA-B52 and 
HLA-B39, respectivcly. Only in Caucasians has an association with HLA-DR4 alleles has been 
described (12). In summary, the HLA association studies suggest that stimulation of CD8 T cells 
is a primary event in TakdyaSu’b arteritis. 

In contrast, GCA is associated with I%A-DRB 1 polymorphism, implicating CD4 T cells 
as the major immune regulators in this vasculitis. In patients with GCA, HLA-DRBl”04 alleles 
are highly enriched. Sequence comparison of discase-associated alleles in GCA have supported 
the hypothesis that the association reflects a polymorphic configuration within the peptide bind- 
ing site of the HLA molecule (13). The peptide binding site consists of a floor of p pleated sheets 
bordered by two a helices. Polymorphic residues are clustered in pockets that represent the sites 
of peptide binding. Polymorphisms in the a helices directly contribute to MHC-T cell receptor 
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Table 1 T Cells and MHC Disease Association: Implications for the Pathogenesis of Vasculitides 

Clinical example: Takayasu's arteritis Giant cell arteri t is  Rheumatoid vasculitis Wegener's granulomatosis 

Disease-associated MHC class I MHC crass n Hornozygosity of MHC No discernible HLA 
MHCgenes: polymorpfism polymorphism class I1 polymorphism association 

Pathomechanism: Binding of selected 
antigenic peptide 

Stimulation of cyto- 
toxic CDX T cells 

Blood vessel 
wall damage 
Inflammation 

J, 

L 

Binding of selected 
antigenic peptides 

L 
Stimulation of 
CD4 T cells 

3 
Activation of effector 

macrophages 
Induction of arterial wall 
inj ury-response p q r a r n  

L 
Arterial damage 

Lurninal occlusion 

Positive thymic selection 
of CD4 T cells 

L 
Autoreactive T cell 

repertoire 

Anti-self-immune 
response 

.L 

Endothelial damage 
Vascular wall damage 

Multiple peptide-MHC 
combinations 

J, 
Stimulation of T cells 

.L 
Production of ANCA 

antibodies 
Activation of 

htravascuiar and 
extravascular inflammation 

nenophils 
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interaction (14). The finding that polymorphic residues associated with GCA map to the floor 
suggests that the binding of selected peptides is a crucial initial step. These MHC-peptide com- 
plexes then could activate CD4 ?‘ cells to sustain the inflainmation in GCA. Patients with GCA 
share the HLA-DRB 1 ‘k04 association with patients with polymyalgia rheumatica (PMR), a minor 
variant of GCA, with predominantly systemic manifestations but no clinical evidence of vascular 
inflammation (15). This implies that the activation of CD4 T cells by specific MHC-peplide com- 
plexes precedes the vasculitic inflammation and, by itself, is not sufficient to induce vasculitis. 

ln rhcumatoid vasculitis, a different mechanism also implicating HLA-DR4 and CD4 T 
cells appears to be functional (see Table 1). Rheumatoid <arthritis (RA) itself is associated with se- 
lected HLA-DRB lY4 alleles that share a peptide stretch encompassing anljno acid positions 
67-74 ( I  6). These residues are located on the a helix of the p chain and form a peptide binding 
pocket, and they are also able to directly interact with residues on the juxtaposed TCR molecule. 
The risk of developing extraarticular complications of RA (Le., rheumatoid vasculitis) is corre- 
lated with expression of disease-associated HLA-DRB 1*04 genes on both haplotypes, either in 
the form of HLA-DRB1*04 hoinozygosity or HLA-DRB 1 *O401/0404/0408 heterozygosity (17). 
This gene-dose effect predisposing for rhcumatoid vasculitis raises the question whether MHC- 
dependent functions other than selective binding of peptides have a role in pathogcncsis (1 8). In- 
heritance of a single copy of an HLA-DR inolecule should be sufficient to initiate antigen-spe- 
cific T-cell responses (8). Alternatively, it has been suggcsted that the direct interaction between 
MHC and TCR molecules is of immediate importance in the exti-aarticular spreading of KA and 
vascular complications. Dosing of an HLA-DR polymorphism has been demonstrated to skew the 
repertoire of T cells selected in the thymus. Indeed, patients with RA and two disease-associated 
alleles have been shown to select a unique set of T-cell receptors in CD4 T cells ( 1  9). How dif- 
ferences in the available T-cell pool translate into vascular damage and inflanimation remains to 
be elucidated. 

For the majority of vasculitic syndromes, no definitive MHC association has been estab- 
lished, making it unlikely that the ti-irnolecular interaction among TCR, peptide, and MHC rep- 
resents a primary risk factor for disease. However, the absence of an HLA-association does not 
imply that T cells are not involved in regulating and amplifying vascular inflammation. To the 
contrary, immune responses lo many common antigens are characteristically not associated with 
HLA alleles because each protein antigen can harbor many different antigenic peptides that can 
bind to different allelic MHC variants. The presence of an HIA association i s  evidence in favor 
of T-cell involvement while its absence does not allow for any conclusions on the possible relc- 
vance of selected antigens or MHC molecules. 

IV. T-CELL HOMING TO VASCULAR TISSUES AND LOCAL T-CELL 

T cells are generally primed by a specific antigen in primary lymphoid tissues where they recog- 
nize antigen on professional antigen-presenting cells, such as dendi-itic cells. To fulfill the tasks 
of tissue surveillance, the primed lymphocytes circulate and then adhere to and migrate through 
the blood vessel endothelial layer. In principle, there are two possible ports of entry into the vas- 
cular tissue, inacroendothelium and, at least in medium-sized to large blood vessels, via the mi- 
croendothelium of the vasa vasorum. In noninfiamed arteries, vasa vasorum are usually confined 
to the adventitia; however, during inflammation, new blood vessels can be found in the media and 
even in the intima, making thesc t ues accessible lo the influx o€ lymphocytes (20). Lympho- 
cyte immigration is governed by a complex cascade of events that include adhesion and leuko- 
cyte extraversation directed by adhesion molecules and locally produced chemohnes (2 1,22). 
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Most adhesion molecules are absent on endothelial cells under physiological conditions. Cy- 
tokines, such as interleukin-1 (1L-1) and tumor necrosis factor-a (TNF-a), are produced by the 
innate immune system and have a rather broad effect on endothelial cells to induce the expression 
of a variety of adhesion molecules. Thus, mechanisms to facilitate lymphocyte extravasation are 
in place in primarily T-cell-induced vasculitides, such as Takayasu's arteritis and GCA, and also 
in vasculitides with a predominant component of natural immunity, such as polyarteritis nodosa 
and Wegener's granulomatosis. Not surprisingly, lymphornononuclear infiltrates can be found in 
all vasculitides involving small to large artcries. 

Upon tissuc entry, lymphocytes need to reencounter antigen in restriction to the appropri- 
ate MHC molecule to be locally activated and to exert effector functions. The MHC class 1 niol- 
ecules are expressed on all somatic cells where they can be recognized by CD8 T cells. The MHC 
class I1 molecules can be aberantly expressed on endothelial cells and on some tissue-resident 
cells. More importantly, the vasculitic inflammation contains numerous professional antigen-pre- 
senting cells, such as macrophages and dendritic cells, that can t,&e up soluble antigens by phago- 
cytosis or pinocytosis and present the antigenic peptide to the tissue-infiltrating CD4 T cells. 

The function of T cells in vasculitic lesions has best been studied in GCA (23). In this ar- 
teritis, lymphornononuclear infiltrates are present in all three layers of the artery. However, acti- 
vated T cells are only found in the adventitia (24). Therefore, these T cells are likely to have en- 
tered the arterial tissue through the vasa vasorum in the adventitia. They express several activation 
markers, including 1L-2 receptor on their cell surface and interferon-y (IFN-y) in their cytoplasm. 
They have reorganized their cytoskeletal structure, as is the case in T cells that are in the process 
of antigen recognition. In the adventitia, they are intermingled with IL-1 - and IL-&producing 
macrophages that likely represent the antigen-presenting cells. Foiinal proof for the hypothesis 
that the inflammation in GCA depends on the recognition of antigen by selected CD4 T cells has 
been developed in adoptive transfer experiments using a human tissue-SCID (severe combined 
immunodeficiency) mouse chimera model (25). In these experiments, inflamed temporal artery 
biopsy specimens were engra€ted into SCID rnicc. Antibody-mediated depletion of T cells abro- 
gated the production of the macrophage-derived cytokines IL-1 and IL-6 in the engrafted tissue, 
demonstrating that their production is T-cell dependent. Conversely, adoptive transfer of tissue-de- 
rived CD4 T-cell clones, but not of blood-derived control clones, into SCID mouse chimeras en- 
grafted with autologous inflamed temporal arteries induced increased expression of the T-cell-de- 
rived cytokine IFN-y, as well as IL-1 and IL-6. These experiments demonstrated that adoptively 
transferred T cells home to the tissue via the microendothelium, are locally activated to produce 
IEN-y, and stimulate macrophages to produce monokines. 

Thc nature of the antigen presuniably recognized on tissue-infiltrating macrophages is un- 
known. However, indirect conclusions can be drawn from TCR studies of tissue-infiltrating T 
cells. Studies in GCA have shown that a small percentage of tissue-infiltrating T cells is clonally 
expanded. T cells with identical TCR sequences have been detected at different sites of the biopsy 
specimens or even in the left and right temporal arteries from the same patient (26). These data 
suggest that T cells are first primed in extravascular tissue and are then seeded to different arter- 
ies via the vasa vasoruni where they recognize the identical antigen. 

V. ~UNCTIONAL HETEROGENEITY OF T LYMPHOCYTES: 
TH1-TH2 PARADIGM AND VASCULITIS 

Upon initial antigenic contact, naive CD4 T cells start to differentiate into cytokine-producing ef- 
fector cells (Fig. 2). The functional exlrcmes of this differentiation are THl and TH2 cells. THI 
cells mainly produce high concentrations of IF"-y and lymphotoxin-a, whereas TH2 cells are 
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Figure 2 The THI-TH2 paradigm or T-cell differentiation. In the early stages of T-cell activation, naive 
T cells are susceptible to thc local environment, in particular cytokines locally produced by cells of the in- 
nate immune system. Depending on this environment, T cells differentiate into TH1 and TI12 effector cells 
h a t  difPer in the expression of chemokine and cytokine receptors and in their ability to produce cytohnes. 
TH1 and THZ cells show dilfercnt homing patterns, their activation is amplified by different cytokines (IL- 
12 and 11,-18 versus IL-1 and L-4, respcctivcly), and they produce different profileb of lymphokines. 

specialized to produce IL-4 and IL-5. Other cytokines. such as IL-10, can be produced by both 
cell types. The commitmcnt to either pathway depends on the environment during the initial T- 
cell priming (27,28). Priming in the presence of JL-12 initiates the differentiation into TH1 cells 
while initial stimulation in the presence 01 IL-4 and IL-6 shuts off the expression of the IL-12 re- 
ceptor and promotes differentiation into TH2 cells. It has to be emphasized that human T cells 
cannot be as clearly subsetted as murine T cells based upon their cytokinc profile. However, there 
seeins to be preferential production of either THl- or TH2-associated cytokines. There is also ev- 
idence that TH1 and TH2 cells express different chernokine receptors, supporting the notion that 
they are functionally distinct subsets. Both THl and TH2 cells express 0 4 0  ligand upon stimu- 
lation that binds lo CD40 on I3 cells; both cell types can, therefore, provide B-cell help. However, 
THI cells preferentially induce a switch to IgG2 antibodies while IL-4 produced by TH2 cells 
supports the production of IgE. Interferon-y and 1L-4 have partial antagonistic functions on 
macrophages and monocytes. Interferon-y i s  the most potent cytokine to activate macrophages 
while IL-4 has mainly macrophage-downregulating properties. 
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Based on the obscrvation that TH I and TH2 cells cross-regulate and control each other’s ef- 
fector functions, the TH1-TH2 paradigm hay been used to develop a hypothetical model of au- 
toimmune disease (29). In this model, an acute inflammatory response does not rcsolvc, but turns 
into a chronic inflammation if T cells commit to a pathway that is biologically and immunologi- 
cally unfavorable. Subsequent studies have shown that most autoimmune responses are associated 
with commitment lo the THI pathway. Preferential activation of TH2 cells is a typical feature of 
allergic diseases. Although this model is attractive, it remains unproven that the commitment to ei- 
ther pathway is causative and favors the generation of a chronic vasculitic response. 

Even if the TH1-TH2 model does not provide a valid model for the pathogenesis of vas- 
culitides, pathological events in the vasculitic lesion are dependent on thc profile and amount of 
cytokines produced. Analysis of tissue cytokines in temporal artery specimens from patients with 
GCA by immunohistochemistry as well as by semiquantitative polymerasc chain reaction (PCR) 
identified IFN-y as the major T-cell-derived cytokine (30). In the majority of tissues, IL-4 and IL- 
5 were riot present, supporting the notion that tissue-infiltratingT cells have aTHl phenotype. This 
cytokine profile is consistent with the representation o f  cell typcs in the infiltrates. Eosinophils are 
completely absent, as one would expect, if T cells do not produce IL-5. Macrophages, many of 
which are highly activated and form granulomata, are the dominant cell type in the lesions. Giant 
cells that derive from the fusion ol‘activated macrophages arc another histological hallrriark. Both 
of these phenomena are JFN-y-dependent, Further support for the central role of IFN-y comes from 
scmiquanlification of IFN-ymessenger ribonucleic acid (mRNA) in tissues from PMR patients that 
do not have obvious mononuclear infiltrates and no structural damage to the arterial wall. Typi- 
cally, in these tissues, IL-2, a T-cell-derived cytokine, is detectable but IFN-ycannot be found (30). 
In contrast, temporal arteries characterized by a high number of giant cells and extensive intimal 
hyperplasia have the highest in situ production of IFN-y (31). Specimens with intermediate IFN- 
yproduction show no or minimal intimal hyperplasia and no or few giant cells. None of the t 
contained significant amounts of IL-4. Also, there was no evidence that the inflammatory response 
and the vascular damage were inversely correlated with the presence of other antiinflammatory cy- 
tokines such as L-10 and transforming growth factor- P (TGF-P). These data indicate that the tis- 
sue-destructive changes correlate with the quantity of a TH1 response in the tissue, but not with a 
variable imbalance between THI and TH2 responses. 

Granulomatons lesions are characteristic not only for GCA but also for olhcr vasculitides 
such as Wegener’s granulomatosis and Churg-Strauss vasculitis. Patients with Wegener’s granu- 
lomatosis appear to have a bias to producc THl-type cytokines even in the periphery (32). This 
is particularly evident in the granulomatous lesion, where exclusivcly IFN-y and no IL-4 or IL-5 
is found (33) .  In contrast, Churg-Strauss vascul develops on the background of a chronic asth- 
matic condition that i s  generally characterized by a TI12 response, IgE overproduction, and 
eosinophilia. One would therefore expect that the vasculitic lesions show typical features of a 
TH2 response. Results reported so far, however, are not unequivocal. A predominant production 
of IL-6 and TL-10 has been described (34). These cytokines can be produced by a variety of cclls, 
including macrophages, and do not allow for the conclusion of there being a predominant TH2 
response in the tissue. 

CTIONAL H~TEROGENEITY OF T CELLS: 
NATURAL KILLER T CELL IN VASCULITIS 

Studies in several vasculitides have recently identified a T-cell type in the circulation that appears 
to be of functional relevcvce for the development of vasculitis (Table 2). This T-cell type is char- 
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le 2 Properties of CD4' NK T Cells in Vasculitis 

Form large clonal populations -+ Hyperresponsiveness to sthulatory antigens 
Express homologous T-cell receptor se- -+ RecogniLe the same antigen 

Lack CD28 expression 
Exhibit resistance to apoptosis (bcl-2 -+ lncreased longevity 

Express MHC class I-recognizing KIR 

Are cytotoxic -+ Direct damage of targeted cells-Effector func- 

Produce large amounts of IFN-7/ -+ Activate effector macrophages-Tissue damage 

quences in different patients 
-+ Have escaped regulation by CD80 and CD86 

overexprcssion) 

and KAR receptors 
-+ Are regulatcd by MHC class I molecules 

tion in vasculitis? 

and granuloma formation in vasculitis? 

acterized by the lack of expression of the costiinulatory molecule CD28 and is, therefore, not con- 
trolled by the classical tolerance mechanisms involving CD28 and CD80/86. CD28""" CD8 T 
cells commonly occur in the elderly with increasing age and have also been found in several 
chronic infections including HIV. CD28"'" CD4 T cells are very infrequent in norimal healthy in- 
dividuals. CD4 CD28""'l T cells arc found in patients with rheumatoid vasculitis (35),  and CD4 
CD28""", as well as CD8 CD28""", T cells are expanded in Wegencr's granulomatosis (36). One 
typical feature of CD28-deficient T cells is their potential to form large clonal populations in the 
circulation (37). Studies in RA, as well as polyarteritis nodosa, have shown that TCRs exprcssed 
by large clonal populations share sequence homologies in different patients (38,39). Four out of 
eight patients with polyarteritis nodosa had clonally expanded CD4 T cells in the peripheral blood 
that cxpressed TCR with conserved p chains. These four patients also had the same HI,A-DR al- 
lele, HLA-DRB 1*0401, suggesting that thc T-cell clones from these patients recognized the same 
antigenic peptide in thc context of HLA-DR4. 

In addition to the loss of CD28 expression, CD4 CD28""" T-cell clones have several fea- 
tures that distinguish them from normal T cells (see Table 2): first, they produce large amounts of 
IFN-yupon stimulation; second, they express several markers of natural killer (NK) cells, in par- 
ticular, MHC-recognizing receptors of the immunoglobulin superfainily (40); and third, they have 
lost their ability to provide B-cell help but express granzyme B and perforin, enabling them to be 
cytotoxic. These three features, cytotoxic activity, high production of IFN-y, and expression of 
cell sniface molecules that are generally found on NK cells, emphasize thc close relationship of 
CD28""" CD4 T cells with NK cells. However, in contrast to NK cells, these T cells express TCR 
a and p chains as the cell surface molecules that control antigen recognition and cell activation. 

The ability of these T cells to recognize self-MHC and to exert cytotoxic activity may be 
important functionally in the development of vascular damage. Additional support for the concept 
that these cells are relevant for vascular inflammation has come from studies describing increased 
ircquencies of  these cells in patients with unstable angina (41). The current model proposes that 
unstable angina occurs when inflammation of a miniinally obstructive plaque leads to plaque rup- 
ture and superimposed thrombosis. Patients with unstable angina frequently have highly elevated 
acute phase responses and carry increased frequencies of IFN-y-producing cells. Studies in these 
patients have shown that TFN-y iiiainly derives from the CD28""" population and that the fre- 
quencies of CD4 CD28""" 'r cells we significantly increased conipared with patients with stable 
angina. Clonally expanded CD4 CD28""" cells have been demonstrated to infiltrate into unstable, 
but not stable, plaques, supporting the model that they contribute directly to plaque instability 
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(42). Thus, this cell population may be an important effector T-cell population capable of inflict- 
ing endothelial and vascular damage in a variety of inflammatory vessel diseases, ranging from 
classical vasculitic conditions such as Wegener’s granulomatosis, rheumatoid vasculitis, and 
polyarteritis nodosa to a subset of patients with atherosclerotic disease. 

VII. EFFECTOR FUNCTIONS OF T CELLS IN VASCULITIS 

In principal, T cells exert effector functions by onc of three mechanisms. First, CD8 T cells and 
CD4 NK T cells, but not normal CD4 T cells, express perforin and gramyme B and can induce 
apoptosis in target cells that they recognize via the T-cell receptor. Second, all T cells can produce 
cytokines upon stimulation, albeit in different combinations as described for TH1 and TH2 cells. 
Third, following triggering of the T-cell rcceptor, T cells transiently express cell surl‘ace mole- 
cules and thereby interact with and activate resident cells and other immune cells. A classical ex- 
ample is CD40 ligand expressed on activated CD4 T cells. The receptor Lor CD40 ligand, CD40 
is prcsent on a variety of cells including CD8 T cells and B cells. Binding of CD40 ligand to CD40 
provides a signal that is crucial for the activation and proliferation of CD40-expressing cells. 

Evidence has been provided that all three T-cell effector mechanisms are relevant in vascu- 
lar infiamination, with preference for cerlain pathways dominating T-cell involvement in certain 
vasculitic syndromes. In theory, cytotoxic activity could be directed against endothelial cells as 
well as other resident cells, such as smooth muscle cells. Induction of endothelial cell apoptosis 
by T cells in vivo has not been demonstrated, but it is possible that CD4 NK T cells exert such an 
activity in rheumatoid vasculitis and Wegener’s granulomatosis. Activatcd endothelial cells ex- 
press MHC class I1 molecules and can be recognized by these cells as long as they also express 
the relevant antigenic peptide. One possible antigen is the antineutrophil cytoplasmic antibody 
(ANCA) antigen in Wcgcner’s granulomatosis that has been shown to be present on endothelial 
cells. In unstable angina, CD4 NK T cells may function by inducing apo 
and smooth muscle cells overlying the atherosclerotic plaque, thereby c 
the endothelial layer, providing the bed for superimposed thrombo 

Conclusive evidence for cytotoxic activity has been shown for Takayasu’s arteritis (43). 
From the MHC class I association of the disease, a primary role of CD8 T cells could be predicted. 
Indeed, thc inflammatory infiltrate predominantly consists of CD8 T cells and classical NK cells. 
Yerforin release by these cells has been demonstrated, documenting their in vivo activity. Thc tar- 
get cells appears to be smooth muscle cells in the media and certainly not endothelial cells, sug- 
gesting a role of effector T cells in smooth muscle cell apoptosis and in the destruction of the me- 
dial layer. 

The CD4 effector T cells exert their function via indirect mechanisms by interacting with 
CD8 T cells, B cells, or cells of the innate immune system. They control the production of au- 
toantibodies, in particular, the isotype switch and affinity maturation that leads to high-affinity 
pathogenic antibodies. Thcrefore, it is not surprising that T-cell reactivity to myeloperoxidase and 
proteinase 3 can be found in ANCA-associated vasculitides (44). 

Interaction of CD4 T cells with tissue-infiltrating macrophages frequently results in granu- 
loma formation, a histological hallmark of several vasculitides, including GCA and Wegener’s 
granulomatosis. Experiments in animal models have shown that granuloma formation is a strictly 
T-cell-dependent process. Although both THl and TH2 cytokines have been reported to facilitate 
granuloma formation (43,  IFN-y is the strongest macrophage activator and is the key cytokine in 
granulomatous vasculitides. Granulomatous lesions are tissue injurious, most notably by their 
ability to produce reactive oxygen species (46). Again, the preferrcd targets of these tissue inju- 
rious pathways are smooth muscle cells in the media, as is also the case for the CD8 T cell-nie- 
diated cytotoxicity in Takayasu’s disease. The formation of granulomatous lesions exemplifies 
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how the T-cell system and the innate immune system cooperate to produce destructive inflamma- 
tion in the vcssel wall. 
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1. INTRODUC~ION 

The neutrophil plays a central role in the pathogenesis of inany inff ammatory disorders of the vas- 
culature. The presence of neutrophils in vasculitic lesions, including those of Wegener’s granulo- 
matosis, leukocytoclastic vasculitis, etc., bears witness to this (Fig. 1). Cochrane’s classic demon- 
stration that neutrophils are required for tissue injury in Arthus vasculitis, which does not develop 
in rabbits depleted of neutrophils, lends further support to the hypothesis that neutrophils are not 
passive bystanders in these lesions (1,2). In the human, counterparts to the Arthus reaction include 
immune eomplex-mediated vasculitides such as cryoglobulinemia, Schonlein-Henoch purpura, 
and vasculitis associated with hepatitis B and C infections. The neutrophil is also kdtured promi- 
nently in many antibody-associated diseases, for instance, Goodpasture’s syndrome, the ANCA- 
associated vasculitides (e.g., polyarteritis nodosa, Wegener’s granulomatosis, microscopic poly- 
arteritis), as well as vasculitides putatively associated with antiendothelial antibodies (e.g., 
Kawasaki disease). Regardless of the etiology, the neutrophil clearly contributes to vessel injury 
in many different types of vasculitides. 

II. N ~ U T ~ O P ~ I L  ~~CRUITMENT AT INFLAMMATORY SITE 

Although the effector functions of neutrophils are central to the vascular injury associated with 
vasculitis, neutrophils must be present at the site in order to contribute to the vasculitic lesion. 
Neutrophil recruitment is therefore no less critical an event than what happens afterward in the 
tissue. Of essence to this is the neutrophil’s ability to respond to the various environmental sig- 
nals generated to enlist its participation. 

The binding of the neutrophil to the vascular endothelium and its subsequent transmigra- 
tion i s  orchestrated by the cellular adhesion molecules present on both cell types. The expression 
of these adhesion molecules is modulated by the presence of inflammatory mediators, immune 
reactants, and complement components (3-5). In this multistep process, neutrophils first adhere 
to the endothelium by virtuc of their sitrface L-sclectin, which preferentially binds to the sialyl 
Lewis X antigen present on glycoproteins and glycolipids on both neutrophilic and endothclial 
surfaces (3,6). Concurrently, the influence of local inflammatory mediators, such as histamine, 
thrombin, tumor necrosis €actor-a (TNF-a) and interleukin- 1 (L- 1) promote both cndothelial ex- 
pression of E-selectin and the translocation of P-selectin from Weibel-Palade bodies to the cell 
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Figure 1 Infiltration of neutrophils in a vasculitic lesion. 

surface, allowing further interaction with neu trophilic surface oligosaccharides (3,5,7-9). Subse- 
quent rolling and adhesion are accompanied by activation of the integrin CD1 lWCDlS, which in- 
teracts primarily with intercellular adhesion molecule-I (ICAM- 1 j on the endothelial s~iiface. a 
member of the immunoglobulin family of adhesion molecules (10-14). The adhesive process is 
downregulated by nitric oxidc (1 1,15). 

The cellular expression of adhesive molecules is, however, by no means a static process and 
the sequential activation and inactivation olmolccules such as CD11 b/CDlS and the resultant fluc- 
tuations in the degree of adhesive interaction contribute to the transmigration of neutrophils across 
the endotlielium. a process that requires the participation of platelet cndothclial cell adhcsion mol- 
ecule- l (PECAM-l) (10,16,17). Transmigration i It to take place via intercellular junctions for 
the most past, but transmigration directly through t endothelial cells may also occur ( I  8-20). 
To accomplish this, digestion of the basement membrane and matrix components is a necessity. 
The neutrophil possesses both reccplors for matrix molecules (e.g., laminin) and a large armament 
of digestive enzymes, some of which are expressed on the cell surface following stimulation, in- 
cluding gelatinase, elastase, and cathepsin G, which help to achieve this goal (21 
ins generated in the inflammatory milieu further augment this recruitment proce 
complement proteins (e.g., C5aj, arachidonic acid metabolites (leukotriene B, [LTB,]), lipids 
(platelet-activating factor), cytokines and growth factors (interleukin-8, transforming growth fac- 
tor-0) as wcll as the N-formulated oligopeptides generated by bacteria that haw invaded the tis- 
sues (,f-Met-Leu-Phe) (27-3 1). The neutrophil responds to these molecular signals by following 
the chemical gradient from low to high concentration. The runctional importance of some of these 
chemotaxins may be related to their ability to activate as well as attract neutrophils, particularly at 
the higher concentrations found after the neutrophil has homed to the inflammatory site (32-35). 
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Neutrophils are able to produce some of ihcse chemotaxins themselves (e.g., IL-8) and, in turn, 
propagate the further recruitmeni of their own kind (36). 

Ill. URST AND GENERATION 
YGEN METABOLITES 

Reactive oxidants generated by neutrophils possess enormous destructive powers, a line of de- 
fense primarily devised to protect against invading microorganisms. Defects in the molecular 
pathways in the generation of oxygen radicals result in recurrent and life-threatening infections, 
as secn in the genetic disorder, chronic granulomatous disease (CGD) (37,38). These pathways 
can be initiated not only by microbial infections, but also a variety of inflammatory stimuli capa- 
ble of activating neutrophils through G-protein-linked receptors and the subsequent activation of 
various protein kinases and phospholipases (39-41), which may result in the destruction of host 
tissues, including the human vasculature (42,43). This function, known as the "respiratory burst," 
requires the reducing activily of reduced nicotinamide-adenine dinucleotide phosphate (NADPH) 
by an oxidase unique to neutrophils and other phagocytes (44). 

Latent NADPH oxidase in the niembranc of resting neutrophils is activated rapidly at the 
site of the forming phagosome (45). Active NADPH oxidase is assembled from various proteins 
found in the plasma membrane and cytosol of the neutrophil. The first component of the multi- 
molecular complex was identified in studies of patients with the X-linked form of CGD (46), 
whose neutrophils lack a membrane-bound b-type cytochroine known as flavocytochrome b,,,, 
SO named because of its characteristic a-band absorbance at 558 nni. This cytochrorne is a het- 
eromeric glycoprotein consisting, in the membrane, of an a subunit, p22p"0x (a 22-kDa phagocyte 
oxidase), and a p subunit, gp9lPhh"" (47-49). The cytosolic fraction is comprised of at least three 
different factors, p47p110x, p67"*', and the small guanine triphosphatase protein, p21 (50-55). 
The assembly of the NADPH oxidase complex requires the translocation of  the cytosolic proteins 
to the mcmhrane surface where they associate with the subunits already there (56--61). 

Neutrophils, once stimulated, utilize oxygen in vastly increased amounts. While oxygen is 
a relatively inert molecnle under the physiological conditions of the resting cell, its reactivity in- 
creases dramatically in lhe presence of the reducing conditions conferred upon it  by the oxidase 
system. Reduction involves the acceptance of electrons and, ultimately, the generation of water. 
In a series of reactions directed toward this final goal, three intermediates are formed that are 
highly reactive and the resultant activjty of these molecules may culminate in tissue destruction 
(42,43,62). 

Thc acceptance of the first electron gives rise to the first reactive product, the superoxide 
anion (0,) (63). When two superoxide anions rcact together in a dismutation reaction, either 
spontaneously or catalyzed by the enzyme superoxide dismiitase, hydrogen peroxide (H,O,) is 
formed (64-66). In the presence of ferrous ions, furlhcr reduction of H,O, leads to the produc- 
tion of the hydroxyl radical (.OH) through a series of reactions originally described by Fenton 
and Haber-Weiss (67-72). Activation of the neutrophil also releases the enzyme myeloperoxidase 
from the azusophilic granales. The interaction of mycloperoxidase with H,O, results in the oxi- 
dation of halide ions and the production of hypohalous acids-in particular, hypochlorous acid 
(72-76). The powerful oxidant activity of hypochlorous acid is capable of destroying living tis- 
sues, particularly in concert with the chloramines derived from its reaction with nitrogen-con- 
taining compounds (43,77-79). Oxygen radicals and their derivatives may deplete the main en- 
ergy resource, adenosine triphosphate, in target-tissue cells causing cellular dysfunction, and the 
continuation of this process may lead to cell death (80,81). These oxygen radicals also inactivate 
a,-stntitrypsin, an enzyme that normally inhibits neutrophilic granular elastase. thus allowing the 
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elastase to exert widespread, uncontrolled proteolytic activity (82-87). Another protease inhibitor 
capable of inhibiting collagenase activity, a,-macroglobulin, is similarly inactivated (43,88-91). 
Furthermore, the many toxins generated by the activated neutrophil may act synergistically in  
their mediation of tissue injury (92-94). 

EG RAN U LATlON 

Neutrophils have a variety of granules in their cytoplasm containing a diversity of macromole- 
cules, some of which are listed in Table 1. Of particular interest are the enzymic contents, which 
include elastase, myeloperoxidase, proteinase 3 ,  collagenase, and gelatinase. While the antimi- 
crobial rolc of some of these enzymes is clear, the same enzymes can be destructive to host tissues 
when released. The granular contents can be discharged into the immediate surroundings in at least 
three different ways. First, a host of chemical mediators can activate neutrophils to degranulate. 
These stimuli include activated complement components (e.g., C1 q, C5a), immunoglobulins and 
immune complexes, cytokines (c.g., TNF-a), and arachidonic acid metabolites (e.g., LTBJ 
(95-1 00). The neutrophil displays specific receptors on its surlacc for some of these immune re- 
actants, the ligation of which leads to intracellular signaling events. These receptors include the 
IL-8 receptor, receptors for the constant region of immunoglobulin moleculcs, FcyRlt and FcyRTTI, 
the C5a rcccptor, and complement receptors CRl and CR3, which are capable of interacting with 
complement components C3b and C4b, and iC3b, respectively, enhancing the phagocytic function 
of neutrophils for opsonized particles (101-103). Receptors for C3a arc also important triggers for 
the respiratory burst (104). Granular contents can also be released from the dying neutrophils seen 
in the leukocytoclastic vasculitides. Last, the neutrophil may secrete its granular contents during 
a process described as “regurgitation upon eating”; granules fuse with the forming phagosome be- 
fore it  has been completely internalized and the granule contents can escape to the extracellular 
space (1 05). Neutrophils can secrete their specific and amrophilic granules independently 
(106-107). Regardless of how the degranulation process is activated, the discharge of granular en- 
zymes contributes to the digestion that culminates in widespread tissue destruction (42). In addi- 
tion to classical enzymatic digestion, cxecution of tissue destruction may assume many shapes or 
forms. Neutrophil clefensins, for instance, alter membrane permeability in the target tissue in a 
charge- or voltage-dependent manner (108-1 10). The inflammatory environment is particularly 
conducive to the dcstructive activity as a result of the protective milieu generated that allows the 
enzymes to be sheltered from inactivation by protease inhibitors such as a,-antitrypsin and p2- 
macroglobulin, as described above. The same matrix or vessel wall component can be degraded 
by different enzymes released in the degranulation process, for instance, collagen, an important 
constituent of the vessel wall, can be degraded by collagenase, elastin, cathepsin G, and gelatinase; 
and individual enzymes, in turn, usually have multiple functions ( I  1 1-1 IS). 

V. ROLE OF NEUTROPHILS IN ANTINEUTROPHIL CYTOPLASMIC 
ANTIBODY-MEDIATED VASCULITIDES 

We have already mentioned the existence of the proteases, proteinase 3 and myeloperoxidase, in 
the neutrophil, the principal ligands for c-ANCA and p-ANCA, respectively. The nature and di- 
agnostic utility of these antineutrophil cytoplasmic antibodies ( ANCAs) are covered elsewhere in 
this volume. Surl’ace expression of the target molecules for ANCAs on activated neutrophils, 
however, has been implicated in the pathogenesis of ANCA-associated diseases (1 19-124). In- 
flammatory cytokines, such as TNF-a and IL-8, prevalent in the inflammatory environment, help 
to stimulate their surface expression, which by interacting with ANCAs may stimulate neutrophil 
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Figure 2 Mechanisms of tissue destruction by neutrophils. 

degranulation or generate toxic oxygen radicals resulting in vessel injury (124,125). The neces- 
sity for cytokine priming may also account for the increased incidence o f  upper respiratory in- 
fections occurring shortly before the onset of the vasculitic manifestations in some ANCA-asso- 
ciated diseases (1 26). Alternatively, ANCAs may activate the neutrophil through ligation with 
Fc?pII or FcyRlII on the neutrophil surface with similar consequences ( 1  27-129). The potential 
for disengagement of the surface myeloperoxidase and proteinase 3 from the neutrophil exists and 
the subsequent formation of immune complexes with ANCAs may result in tissue damage 
through complement fixation (I 19). Interaction with ANCAs may also have a shielding effect on 
the secrcted proteases themselves, which may escape from inactivation by circulating protease in- 
hibitors (1 19). Cross-linkage of ANCA antigens also induces tissue damage by releasing super- 
oxide anions from neutrophils (130). These mechanisms, although speculative, all highlight the 
important part the neutrophil plays in the pathogenesis of the ANCA-associated diseases. 

VI. TH~RAP~UTIC MODIFICATION OF NEUTROPHILIC ACTIVITY 

Some of the most commonly used drugs in the therapy of vasculitis exert their antiinflammatory 
actions partly through influencing the neutrophil’s activities in the generation of vascular dam- 
age. Salicylates inhibit the adhesion of activated neutrophils to the endothelium, a process medi- 
ated in part by the release of adenosine (1 3 1). Neutrophil transmigration across the endothelium 
is also decreased by iionsteroidal antiinflammatory drugs (NSAIDs) ( 1  32). By affecting arachi- 
donic metabolism in the endothelium, chernorepellents for neutrophils may be produced after 
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treatment with NSAIDs (1 33). Corticosteroids, known to downregulate endothelial expression of 
ELAN-1 and ICAM-1, share this capacity to reduce neuvophil adhesion (134). Shedding of L- 
selectin from the neutrophil surface is another mechanism deployed by some NSAIDs which may 
limit neutrophil recruitment (135). Neutrophils are incapable of regenerating L-selectin once it 
has been shed, unlike the vascular endothelium (136,137). Conversely, an increase in adhesion 
molecules like ICAM-I and P-selectin in the gastric mucosal vasculature, induced by NSAIDs 
such as indomethacin, may explain the frequently observed side effect of NSAlD-induced gas- 
tropathy (138). Decrease in endothelial adhesiveness for neutrophils is also seen with colchicine 
therapy, and the microtubular disruptive properties of colchicine have been linked to selectin 
shedding in neutrophils, thcrcby decreasing their accumulation at the inflamed site (1 39,140). 
The NSAlDs have the ability to inhibit neutrophil degranulation, aggregation, and superoxide 
anion generation, properties that vary among di ffcrent NSAIDs (141-144). Corticosteroids are 
also capable of limiting oxidant production in the neutrophil by inhibiting respiratory burst oxi- 
dase, but only at extreme conccntrations (145). They may modify neutrophilic lysosomal enzymc 
release and accumulation, and may also inhibit apoptosis in neutrophils (146,147). The formation 
of superoxide anions is inhibited by adenosine, and endogenous antiinflainmatory agent released 
by methotrcxate-treated cells and tissues (1 48-1 52). Finally, neutrophilic inactivation of protease 
inhibitors may also be modulated by NSAIDs (153,154). 

In summary, the neutrophil possesses a large array of destructive powers that it deploys inappro- 
priately against host vascular tissue in the course of various vasculitic disorders (Fig. 2). Current 
therapy of these disorders may function, in part, by ameliorating some of the neuvophil’s delete- 
rious activities. As we learn more about the mechanisms of action of some oS these therapeutic 
agents, it is likely that previous unnoticed antineutrophilic properties will be further uncovered. 
This knowledge complements the growing understanding of the pathophysiological role of the 
neutrophil in vascular diseases and may provide suitable targets for future therapy. 
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1. INTRODUCTION: FREE RADICALS AND REACTIVE OXYGEN SPECIES 

Free radicals are atoms or molecules with an unpaired electron in the outer shell, and in complex 
molecules these may be centered on carbon, nitrogen, or oxygen. The definition of free radicals 
from a biologist's point of view is extended by defining a new category, reactive oxygen species 
(ROS), to include peroxides that are not radicals. However, peroxides can easily form them and 
play a central role in metabolism and inflammation. Thus this definition of ROS encompasses per- 
oxides, which are radical precursors. The reason this chemistry is of interest to biologists is that 
the reactivity of radicals i s  high as they seek to pair with another atom and complete its own un- 
filled orbital. Thc free energy to be gained by this reaction means that inany normally stable 
chemical bonds are susceptible to attack. The result is the facile addition of atoms and molecules 
to other molecules, or the rearrangement of the molecule that is exploited, for example, in the gen- 
eration of the many leukotrienes, prostanoids, and thromboxanes that coordinatc cellular actions 
in complex organisms. Radicals and reactive oxygen species are also used by the inflammatory 
cells of higher organisms to aid in the destruction of invading organisms, a mission that becomes 
apparent in cfironic granulomatous discasc whcre the ability of inflammatory cells lo generate re- 
active oxygen species on demand is lost. Oxidants (in a currently undefined fashion) also regu- 
late gene transcription through modulation of intraceIlular signal pathways leading to the activa- 
tion of the transcription factors NF-MB (1) and A€'-1 (2). Oxidants also alter vascular tone, acting 
both as vasoconstrictors and vasodiiators, so their final effect is variable (3). Free radicals, oxi- 
dants, and reactive oxygen species play diverse roles in metabolism, but by their very nature are 
able to cause inappropriate responses and widespread destruction. This capacity for mayhem is 
checked by mobile antioxidants, as well as dedicated intracellular and extracellular catabolic 
pathways. It is when this suppressive ability is overcome, even when the loss of control is only 
local, that a number of unintended events relevant to vascular biology become manifest. One of 
these consequences we know the most about is reviewed here: mimicry of physiological inflam- 
matory processes. 

II .  PHYSIOLOGICAL INFLAMMATION 

Inflammation i s  a regulated physiological process so relevant to human histoiy that the written 
literature reaches back two millenia. The modern era in understanding the cellular and niolecular 
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basis for these early observations began in the nineteenth century with the microscopic observa- 
tion of the microcirculatory system immediately after application of a noxious stimulus. These 
early microscopists found that leukocytes (white corpuscles of unknown function then) interacted 
with the wall 01' vessels trttversing the stimulus. Initially this was visualized as rolling along the 
vessel wall, followed by a sudden transition to a stationary cell, and then appearance outside of 
intact vessels (4). A detailed understanding of the mechanisms that accomplished this rapid tran- 
sition had to wait until il bccanie possible to study the key cell type in this first step of inflamma- 
tion, endothelid cells, in isolation, a process that only became facile in the early 1970s (5). With 
the culture of human endothelial cells, in a way that maintained their highly differentiated phe- 
notype, came a clear distinction of the various activation states of endothelial cells. More com- 
plex systems such as the Stamper-Woodruff assay using tissue sections and organ culture (6), and 
now transgenic and gene-targeted mice (7) all have defined the individual components that allow 
the rapid recruitment of specific inflammatory cells to localized tissue beds in a transient, regu- 
lated fashion. 

Quiescent endothelial cells, except at specialized sites that allow continuous monitoring by 
the immune system, do not display a surface that favors interaction with inflammatory cells. 
Rather, quiescent endothelium is actively nonthrombotic through continuous production of 
prostacyclin and nitric oxide, a short-lived radical that raises CAMP levels in target cells that 
dampens its own program of activation, adhesion, and migration. In addition to a basal produc- 
tion of prostacyclin and nitric oxide that prevents platelet activation, adhesion, and release of 
platelet-derived growth factors, the production of these two molecules can be increased by stini- 
ulated transcription and translation of isoforins of the synthetic enzymes, inducible nitric oxide 
synthase and cyclooxygenase-2 (8). These two compounds also have a role in endothelial cell-tie- 
pendent vasorclaxation that encourages blood flow and decreases cndothelial cell interaction with 
circulating cells. These two agents do not, howevcr, fully explain the endothelial cell-dependent 
vasorelaxation. At least one unidentified endothelial cell-hyperpolarizing factor relaxer vascnlar 
smooth muscle (9). 

Activation of endothelid cells changes this antithrombotic state to one that results in the 
rapid adhesion of inflammatory cells described by Cohnheiin in the nineteenth century (4). This 
is not an all-or-nothing change from one statc to another, but rather the resulting activated en- 
dothclial cells reflect the nature ofthe stiinulatory agent (10). We divide the activation state of en- 
dothelial cells into those responses that occur almost immediately and those early responses that 
take an hour or more to develop. In gcneral, division of the activation state in a temporal fashion 
correlates with the rnolccular changes that define the state, although at least one agonist can in- 
duce elements of both the immediate and the early activation states (1 1). The changes induced by 
agonists of either class are twofold: expression of an adhesion molecule by the activated en- 
dothelial cells that binds specific circulating cells and sequesters them against the vascular wall, 
and the expression by the activated endothelial cells of molecdes that specifically activate the se- 
questered inflammatory cells (12). This two-step model (1 3) of adhesion or tethering of leuko- 
cytes followed by activation underlies both the rapid (14) and early (15) types of endothelial cell 
activation, 

The activation state of endothclial cells after exposure to, for example, thrombin or hista- 
mine defines the immediate phenotype that promotes the binding and activation of resting Icuko- 
cytcs. For the rapid activation of endothelial cells, the tethering molccule is P-selectin, a Ca'+-de- 
pendent molecule that binds sialyl Lewis-X-modified proteins expressed by leukocytes ( 16). The 
molecule expressed by leukocytes is P-selectin glycoprotein ligand- 1 ( I7), and the interaction be- 
tween endothelial cell P-selectin and this ligand is rapid. A rapid ligand-receptor interaction al- 
lows the first, fleeting interaction of the two cell types, but it is the additional rapidity 01. the re- 
verse interaction between these two molecules (I  8) that is responsible for the rolling of leukocytes 
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along thc microvasculature in response to the Flow still experienced by the leukocyte. A rapid on- 
and-off binding of the P-selectin ligand has the advantage of slowing the leukocyte and localizing 
it to the vascular wall, bul in a way that allows the leukocyte the mobility that it will need to com- 
plete its journey across the vascular wall. 

The trip across the endothelial cell barrier is initiated by the second change in the pheno- 
type of endothelial cells after activation, the localized expression of an activation molecule that 
initiates the leukocyte's own motility and activation program. In the immediate-type of endothe- 
lial cell response, this leukocyte agonist is platelct-activating factor (PAF). This leukocyte ago- 
nist was originally nanied after its first known biological fiinction as it was being identificd as the 
component in  blood isolated from anaphylactic rabbits that was responsible for platelet activation 
and hypotension (19). It was separately identified as a antihypotensive agent (20) and its structure 
defined as a phosphatidylcholine with two modifications; it contained an ether bond at the first 
position of the glycerol backbone, and an acetate esterifed at the second (21). Leukocyte? possess 
a receptor that specifically recognizes this molecule, cven in a virtual sea or other phosphatidyl- 
choline molecules that comprise mammalian cellular membranes. This receptor, and there cur- 
rently i s  only one known, has been cloned (22) and been found to be a member of the abundant 
class of receptors that span the extracellular rncmbrane seven limes and functionally couple to in- 
tracellular G proteins. Platelct-activating factor, like the lipid mediators derived from arachido- 
nate, is not normally present in endothelial cells, but is rapidly synthesiLed and expressed on the 
outer surface of endothelial cells activated with, among other stimuli, thrombin and histarnine 
(21). Endothelid cclls are activated by leukotriene C, and D, with a similar surface expression of 
PAF and P-selectin, although the hnetics lag somewhat behind those of thrombin (23). The key 
point here is that PAF, a highly potent leukocyte agonist, is not released from the activated en- 
dothelial cclls, bul rather remains on the outer surface. The mechanism by which this occurs is 
not known, but it is presented by the endothelial cells in such a way that the leukocytes juxtaposed 
with the activated cndothelial cells by P-sclcctin are ablc to respond to it through their PAF re- 
ceptors (Fig. 1) .  The result of this is that only those leukocytes interacting with the endothelium 
are activated by the PAF expressed by activated endothelial cells, a form ofjuxtacrine signaling 
(14) that actually was the phenomenon that led the early biologists to conclude that changes in 
the vascular wall accounted for leukocyte adhesion-a deduction that explained why leukocytes 
adhered only to the side of the vessel exposed to trauma and why leukocytes released from this 
localized site never wcrc seen to reattach downstream. 

The itnportance of PAF and P-selectin in the early steps of inflammation suggests that their 
presence must be carefully controlled, and, in fact, this i s  the casc. P-selectin is constitutively 
present in cndothclial cells, but resides in specialized intracellular granules, Weibel-Paladc bod- 
ies, that additionally contain von Willebrand factor. Activation of endothelial cells in ways that 
increase the levels of inlracellular Ca2' resiill in the fusion of these vesicles with the plasma mem- 
brane, release of the soluble von Willebrand factor, and deposition of P-selectin on the surface of 
the activated cndothelial cclls (24). Activated endothelial cells rapidly initiate the synthesis of 
PAF in a process controlled by intracellular Ca2' (25) and phosphorylation of the synthctic en- 
zyme (26). The physiological inflammatory response is marked by its transient nature with the 
pcak changc in endothclial cell propcrties occurring by 30 min artcr stimulation with agonists that 
induce an immediate response, and by 8 h for those that induce the early response. For P-selectin 
expressed on the surface of activated endothelial cells, this reversal occurs through rapid reinter- 
nalization with some contribution by proteoly , especially of platelel-expressed P-selectin, to 
gcnerate circulating soluble P-selectin (27). Abnormally prolonged expression of P-sclectin i s  
correlated with vascular damage. P-selectin is expressed for weeks at aortic branch points of rab- 
bits destined to develop atherosclerosis at this site, and this expression precedes early macrophage 
infiltration that drives atherogenesis (28). The effects of surface-bound PAF are controlled by its 
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Figure 1 Rcgulated cellular synthesis and chemical oxidation of cellular or lipoprotein phosphatidyl- 
clioline gcnerates PAPreceptor agonists. Activated endothelial cells, as opposed lo quiescent cells, lranslo- 
cate the leulmcyte-binding protein P-selectin from inkaccllular granules to their plasma nicmbranc that then 
sequesters circulating polymorphonuclear leukocytes (PMN) against tlic activated endothelial cell. Simulta- 
neously, platelct-activating factor (PAF), synthesized only in activated cells in a two-step enzymatic process, 
is expressed on the plasma membrane of activated cells. Activation of the leukocyte PAF receptor induces 
i t s  own program of shape change, adhesion, and migration. The regulated and localitmi expression of these 
two molecules localias the inflammatory rcaclion. In contrast, oxidative fragmentxition of phosphatidyl- 
choline (PC) also generates ligands and activators of the I”? receptor. This, however, occurs through un- 
regulated chemical reactions and results in unregulated inflarnmatory responses. 

rapid hydrolysis and inactivation by PAF acetylhydrolase that circulates in a fully active state in 
association with specific lipoprotein particles (29). This enzyme is able to circulate in an active 
state, rather than as an inactive zymogen, without deletciious effects subsequent to hydrolysis of 
lipoprotein and membrane phosphatidylcholines because of its specificity for PAF. This issue be- 
conies important below when we discuss the effect oxidants have on this carefully controlled sys- 
tem of inflammation. 

There i s  one other issue to be discussed before we consider how oxidants disturb physio- 
logical inflammation, and that is an additional function of P-selectin. Activated platelets express 
P-selectin (and hence the P in the name) and this causes leukocytes to adhere to them (30), an 
event that underlies the formation of leukocyte-platelet clusters in vivo ( 3  I ) .  Fommtion of these 
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clusters will alter the function of the incorporated monocyte by priming them for an enhanced re- 
sponse to soluble agonists (32,33). In addition, activation of platelets and their expression of 
P-selectin underlie a puzzling paradox in in vivo modcls of inflammation where leukocyte rolling 
and adhesion occurs both in aflerioles and venules (34). Yet, immunolocalization studies place 
P-selectin just in postcapillary venules (35). It now appears that platelets line the vascular wall, 
an event that is not easily visualized, and it is platelet-(P)-selectin lhal localizcs leukocytes to re- 
gions of the microcirculation that lack endogenous P-seleclin. 

111. OXIDANTS AND THE INFLAMMATORY SYSTEM 

Physiological inflammation is a regulated, reversible homeostatic process. In contrast, some com- 
ponents of the inflammatory cascade can be recruited in an uncoordinatcd, unregulated manner. 
The culprits here are oxidizing radicals and ROS produced in quantities that overconie local <an- 
tioxidants to damage macromolecules. Lipid oxidation products are of pa-ticular importance as 
these have an abundance of easily oxidized double bonds. As now has become apparent, the d- 
fect of oxidizing radicals can be disproportionate to their amount as some of these activate in- 
flammatory responses in an uncontrolled way. Over the past decade robust markers of in vivo ox- 
idative rcactions have been developed, some of the oxidatively generated biological minictics 
have been identified, some of the biological events they induce have been discovered, and a cor- 
relation of oxidatively gencrated mediators with disease states has been established. This chapter 
focuses on two classes of oxidatively generated lipid mediators, oxidized arachidonate and phos- 
phatidyicholines. 

IV. MARKERS OF OXIDATION 

Free radicals by their very nature are transienl and quite difficull to quanlilale in vivo, so a defi- 
nition of the types and amounts of ROS and radicals in any given event is not possible. One ad- 
vance that has had a significant effect on the field in this regard is the development of isoprostanes 
(36,37), and now isoleukotrienes (38) and isolevuglandins (39), as markers (and effectors) of in 
vivo oxidative stress and nonenzymatic oxidative reactions. Arachidonate, as a consequence of its 
four double bonds, is susceptible to oxidation, and this is the basis for the enzymatic control of 
oxidative attack to generate the potent and varied eicosanoid arachidonate metabolites. Similar 
reactions occur without the aid of an enzymatic reaction mechanism to direct the reaction curve, 
with the result that numerous positional and stereochemical honioiogues of these enzymatic prod- 
ucts are produced in an uncontrolled way. Some of these are biologically active. The best char- 
acterized of these are the isoprostanes first identified (40) as arachidonate oxidation products 
whose generation did not depend on cyclooxygenase activity (41). Isoprostanes are produced in 
abundance as arachidonate is oxidized and many of these are chemically stable, two attributes that 
underlie the use of isoprostane levels as surrogate markers of oxidation. Whcther these com- 
pounds would accurately reflect endogenous oxidative reactions was questioned when it was de- 
termined that platelets form some isoprostane through a cyclooxygenase-dependent oxidation 
(42). However this reaction is a minor source (43), and except perhaps for urine where renal cy- 
clooxygenase may contribute to the excreted isoprostanes, quantification of several isoprostanes 
(44,45) has correlated well with oxidation states in vitro (46) and in vivo (47-49). The confidence 
gained through the correlation of isoprostane generation in smokers (49.50), a habit that intro- 
duces an immense radical load into the lungs (51) and the circulation (52), validates the use of 
this approach in other disease slates where oxidant involvement is suspected but not proved 
(5334). Quantitation of isoprostanes also provides a convenient method to quantitate the pro- 
gression of vascular damage in conditions wherc oxidants have been shown to play a major part 
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in disease progression (47,48,55). Other lipid oxidation products, generated in vitro from oxida- 
tive attack on phosphatidylcholine (56,57), are found in atherosclerotic plaques (58) and likely 
mark nonenzymatic oxidative processes. However, quantitation and identification of these lipid 
oxidation products is more labolious and difficult than gas chromatography-mass spectrometry 
with an internal standards protocol that has made isoprostane quantitation so accurate and facile. 

v. ETICS OF ARACHIDONATE METABOLITES 

Arachidonate is oxidized by cytoclxomes, lipoxygenases, and cyclooxygenases to a host of mc- 
diators including hydroperoxyeicosanoic acids, thromboxanes, leukolrienes, and prostagkindins 
that regulate processes ranging from parturition to apoptotic cell death. Nonenzymatic oxidation 
produces an even wider variety of homologues, and some of these are biologically active. The ini- 
tial description of the prostaglandin-like compounds (40) showed that infusion of one of the iso- 
prostanes either into a peripheral vein or intrarenally caused a marked parallel reduction in renal 
blood flow and glomerular filtration rate. One of the isoprostanes with this activity, 8-cpi-PGF2,, 
acts at least partially through the thromboxane A, receptor (59). Vasoconstriction is also apparent 
in other vascular beds, such as those of the retina (60) and the coronary arteries (61). Some iso- 
prostanes bind the prostaglandin F,, (PGF,,) receptor and both an isoprostane and prostaglandin 
F,, induce cardiac cell hypertrophy, although other unidenti lied events come into play as the sig- 
naling pathways leading to this functional response arc different (62). Now after a second type of 
cyclooxygcnasc has been identified with particular relevance to regulated inflammatory processes 
(63), whose specific inhibition is actively being sought by the pharmaceutical industry, we find 
an alternative. uncontrolled route to prostaglandin-like arachidonate metabolites that may be just 
as important. 

The main target of oxidizing species and radicals are bonds adjacent to olefinic bonds. Enzymatic 
and chemical oxidation of free arachidonate gcnerates important intercellular nicdiators as well 
as reactive chemical products (e.g., reactive aldehydes and conjugated aldehydes). A recent ex- 
ample i s  modification of apolipoprotein R 100 of low-density lipoprotein (LDL) by arachidonate 
oxidation products that created protein adducts that stimulated macrophage growth (64). How- 
ever, the bulk of cellular fatty acids are not free but are esterified in complex lipids (phospholipids, 
triglycerides, and cholesterol esters). Oxidation of these acyl rcsidues creates reactive phospho- 
lipids that, Iike the reactive fragments generatcd from fatty acid oxidation, modify protein lysyl 
residues (65,66). For example, ectopic expression of the lipase PAF acetylhydrolase (67,68), 
which specifically hydrolyzes PAF and oxidatively fragmented phospholipids, protects cells from 
oxidant-induced apoptosis (69). This shows that the intact phospholipid, rather than water-solu- 
ble products from fatty acid oxidation, is deleterious in peroxide-stressed cells. 

PHOSPHOLIPIDS 

Other products of oxidative attack on phospholipids may produce problems by mimicking the 
structure of endogenous agonists, and so activate receptors for physiological ligands like the PAF 
receptor (69a). The first of these to be identified (70) were the PAF-like agonists generated by the 
oxidation of phosphatidylcholine containing a polyunsaturated fatty acyl residue in the 2 position 
of the glycerol backbone. Recent data from our research group define a new class of oxidatively 
generated phospholipid mediators that activate a member of the iiuclear hormone receptor fm- 
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ily, peroxisomal proliferator-activated receptor gatnma (PPARy). PPARy activates at least one in- 
flammatory gene through a novel responsive element (Davies et al., unpublished). 

The bulk of cellular and lipoprotein phosphatidylcholines contain an esterified fatty acyl 
residue at the first position of the glycerol backbone (the sn-l position) as well as the second PO- 

on. However, some phosphatidylcholines contain a fatty alcohol residue in an ether bond at the 
sn-1 position, and these are the precursors for biologically active PAF [1-fatty alcohol 2- 
acetyl]phosphocholine. A homologue of PAF with an sn-1 esterified fatty acyl residue is also 
made by activated cells (71), but this is a poor activator of the PAF receplor, so only PAF; is rele- 
vant to the inflammatory process, Cellular synthesis of Pf# is a tightly regulated process where 
a cytosolic, calcium-dependent phospholipase A, cleaves the long-chain sn-2 fatty acyl residue to 
generate a IysoPAF backbone and a free fatty acid. Intriguingly, ether phosphatidylcholines are 
highly enriched with arachidonoyl residues at the sn-2 position, so this phospholipase A, activity 
generates precursors for two classes of lipid mediators, PAF, and eicosanoids. Next, an acetyl- 
transferase, which is regulated by phosphorylation (26), transfers an acetyl group from acetyl 
coenzyme A to the free hydroxyl of the lysoPAF. The product of this cellular synthetic pathway 
is PAF ( 1  -0-alkyl-2-acetyl-sn-glycero-3-phosphocholine). This activates inflammatory cells ex- 
pressing the PAF receptor that specifically recognizes the bond at the 1 position, the short acetyl 
residue at the 2 position, and the choline head group. This receptor can activatc leukocytes and 
platelets that express it when confroiited with PAF concentrations as low as 

In contrast to the regulated synthesis of PAF, unregulated chemical oxidation fragments 
phospholipids inlo species that also bind to and activate the PAF receptor. Initially a series of va- 
sopressor lipids were found in the extracts of bovine brain (72), and the structure of these vaso- 
pressor lipids was found to be a complex group of phosphatidylcholines with a series of a short, 
and often dei-ivatized sn-2 residues. We found such phospholipids could be generated froin the 
oxidative fragmentation of biological (73,74) or synthetic (70) phosphatidylcholines. Thus, the 
activities extracted from brains, as well as those found in atherosclerotic lesions (58) ,  appeared 
to be oxidatively fragmented phospholipids. Importantly, we find niany of these phospholipids are 
capable of activating the receptor for PAF, even though they lack the acetyl function of authentic 
PAF. That is, oxidation of synthetic or biological phosphatidyicholines genemtes PAF mimetics 
by fragmentation of the sn-2 fatty acyl residue to short residues recognized by the PAF receptor. 
The formation of these compounds is the result of a series of competing chemical reactions, some 
of which can be exponential, and therefore are not subjected to enzymatic or biological control. 
We have ectopically expressed the PAF receptor in a cell line that normally does not possess this 
receptor and found that, like PAF, certain oxidatively fragmented phospholipids activated just 
those cells that expressed the PAF receptor (74). We also have purified membranes from cells ex- 
pressing the PAF rcceptor, and found that purified PAF receptors also directly bind certain ox- 
idatively fragmented phospholipids (Marathe et al., unpublished). Thus, oxidative fragmentation 
or cellular and lipoprotein phosphatidylcholines creates fragmented phospholipids that arc potent 
ligands and activators of the PAF receptor. This, in turn, would suggest that this unregulated, ox- 
idative process could induce an infiammatory reaction in a local environment or systemically 
when endogenous 'antioxidant defenses are overwhelmed. Clearly this response can be created ex 
vivo when we provide a robust burst of oxidizing radicals. The question that remains is whether 
a surficicnt suppression OF endogenous antioxidant defenses can be attained in vivo to allow the 
inappropriate and rampant formation of inflammatory PAF-like compounds. 

M. 

VIII. PAF-LIKE LIPIDS IN VIVO 

To answer the question posed above, we exposed hamsters to second-hand cigarette smoke by 
drawing the smoke of one cigarette into a chamber over a period of 10 min. Cigarette smoke is a 
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rich sowce of oxidizing species, and it has been estimated (75) that a single puff of cigarette 
smoke contains 5 nmol of oxidizing radicals. This is an immense radical load: while it may be 
difficult to accurately quantitate extracellular lung water, dissolving this amount of long-lived and 
reactive radicals in even 1 mi would produce microniolar amounts of radicals continuously de- 
livered over the time it takes to smoke a cigarette. Thus, if we are to find a condition where the 
load of oxidir>ing radicals could overwhelm antioxidant defenses and generate PAF-like lipids, 
cigarette smoking should be a premier candidate. This cigarette smoke exposure protocol has 
been shown to induce a rapid, and, more importantly, systemic inflammatory response. Typically, 
few leukocytes interact with the vessel wall in the microcirculation of normal animals, but by 10 
min after exposure to cigarette smoke both leukocytes and leukocyte-platelet aggregates are 
clearly seen rolling, tumbling, and stationary in both the arterioles and venules of the skin (76). 
This pronounced inflammatory response extends well away from the initial oxidant stress of the 
lungs, but clearly is the result of oxidant stress and not the myriad of inhaled chemicals to be 
found in cigarette smoke. The evidence for this is that either the antioxidant vitamin C (77), or in- 
jection of superoxide dismutase (78) blocks these telltale signs of smoke-induced inflammation. 
The systemic inflammation, then, precedes from the inhalation of oxidants. 

We determined whether the inhaled oxidants generate PAF-like ininietics and whether thesc 
would be essential for the systemic intlammatory response by isolating blood from control ham- 
sters and animals exposed to cigarette smoke. The lipids in these blood samples werc extracted, 
purified, and assayed for PAF-like biwactivity. We found (79) activity in the blood of cigarette 
smoke-exposed animals that activates leukocytes in an in vitro adhesion assay that detects PAF 
activity. The bulk of this inflammatory activity, purified by high-performancc liquid chromatog- 
raphy (HPLC), migrated as oxidatively fragmented phospholipids, while the plasma obtained 
from control animals did not contain any prointlamniatory lipids. These data show that cigarette 
smoke results in the rapid accumulation of inflammatory compounds in the circulation. Exami- 
nation of the level of this activity in control animals, those exposed to cigarette smoke, or animals 
exposed to cigarette smoke after a course of dietary vitamin C was conducted to determine if the 
accumulation of these compounds was sensitive to antioxidant therapy. We found that most ani- 
mals exposed to cigarette smoke had prointhinmatory PAF-like phospholipids in their blood, but 
that dietary vitamin C suppressed the accumulation of these conipounds such that there was no 
difference between these animals and control animals, This is evidence that the proinflammatory 
phospholipids were derived from an oxidative reaction. Since vitamin C prevented the formation 
of these compounds and the systemic inflammation, we conclude that biologically active oxidized 
phospholipids account for the systemic inflammation that occurs iinniediately after cigarette 
smoking. It is instructive that a similar rapid systemic inflammatory response is observed when 
hamsters are injected with LDL oxidized outside the animal (80). Similarly, humans rapidly ex- 
press PAF or PM-like lipids in their circulation just after smoking (81). Tn addition, cigarette 
smoking causes a very marked retention of leukocytes in the lungs of humans (82) and animals 
(83) during their first pass through this bed. We takc this as strong evidence that pathologically 
relevant levels of oxidant stresses occur in vivo, that these oxidants are capable of generating 
PAF-like phospholipid mediators, and these mediators can induce an inflanmatory response. 

Recent data demonstrate that oxidatively fragmented phospholipids also accumulate in ath- 
erosclerotic lesions (58), so it appears that oxidants can generate inflammatory phospholipids at 
appropriate sites and times to also have a role in the early events of atherogenesis. Additionally 
ionizing radiation is a well characterized source of radicals, and endothelial cells exposed to this 
sotirce of radicals also generate oxidatively fragmented phospholipids with PAF-likc activity 
(84). Although smoking and radiation can generate large amounts of oxidizing radicals, it is pos- 
sible that other sources, while less prolific in their generation of reactive oxygen species, may pro- 
duce a similar inappropriate stimuli to inflammation. One source of radicals that is often over- 
looked is diet. This is particularly true for fried foods where, for instance, freiich fries may contain 
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up to 8% oxidized materials (85). This radical source is detrimental because feeding rabbits a diet 
enriched in oxidized oil increased the amount of lipid peroxides in circulating lipoprotein parti- 
cles (86), which are the immediate precursors for oxidatively fragmcntcd phospholipids. This in- 
crease in circulating oxidized lipids increased the rate of atherogenesis two- to fourfold (87). This 
occurred when animals were fed oxidized oils wcll below that found in just a medium-sized order 
of french fries. Moreover, humans who ingest oxidized lipid show increased levels of oxidized 
lipids in their circulating lipoprotein particles (85,88), suggesting this as another important source 
of oxidizing radicals and inflammatory compounds that may exacerbate atherosclerotic and dia- 
betic vascular disease (88). 

IX. E X T ~ ~ ~ ~ O N  OF THE lNFLAMMATORY REACTION 

Reactivc oxygen species niay directly generate inflainmatory responses by creating inflammatory 
mimetics of PM, but they also can induce the inappropriate synthesis of authentic PM. En- 
dothelial cells stimulated with hydrogcn peroxide, in contrast to organic peroxides that generate 
oxidatively fragmcnted phospholipids with PAF-like activity (73), enzymatically synthesize PAF 
(89). A similar event is found in epithelial cells cxposed to a peroxide load (90), where extension 
of the original insult through the synthesis of PAF rnay attract leukocytes into oxidatively dam- 
aged dermis. 

An additional effect of oxidants on the inflammatory process is through their effect on en- 
dothelial cell proteins that telher leukocytes to activated endothelium. Leukocyte extravasation is 
a two-step process ( I  3)  where P-selectin brings passing leukocytes into the proximity of the PAF 
synthesiied and localized on activated endothclial cells ( I  1,12). Oxidants cause endothelial cells 
to express P-selectin not in the regulated and transient way induced by physiological agonists, but 
rather for quite prolonged periods of time (9 1) .  P-selectin is stored in endothelid-cell Weibel- 
Palade bodies that also contain von Willebrand factor; accordingly, endothelial cells release von 
Willebrand factor when exposed to the reactive oxygen species and superoxide (92). There may 
be a small additional effect of oxidants on the transcription of P-sclectin, even though this is not 
the major form of its regulated expression on the surface of endothelial cells, as antioxidants in- 
terfere with its induction (93). The net result is prolonged P-selectin expression on endothelial 
cells that will bind slowly passing lcukocytes where oxidant-induced PAF synthesis and the for- 
mation of PAF-like agonists is occurring. This suggests that the inflammatory response may be 
quilc susccptiblc to inappropriatc regulation. 
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Since the term cytokines was first introduced in 1974, an enormous amount of work has been 
done to identify ‘and characterize the cytokines and to describe their functions aid roles in vtuicd 
circumstances. Cytokincs are proteins or glycoproteins produced by various cell types, but most 
frequently by lymphocytes, monocytes/macrophagc:cs, mast cells, and fibroblasts. They are pow- 
erful local mediators that influence important biological processes, including cell survival, pro- 
liferation, repair, and fibrosis. Also, these proteins mediate the initiation and main tcnance of irn- 
mune responses and inflamtnatim. Their importance to physiological and pathological processes 
i s  undoubted and the clinical application of both the molecules and their antagonists is assuming 
increasing importance. 

Cytokines include proteins described in the literature as interleukins (1-18 at present), in- 
terferons (a, p, y), growth factors or initogenic cytokines (G-CSF, GM-CSF, VEGF, PDGF), 
tumor necrosis factors (TNFs), traflsfonning growth factor-P (TGF-P), and chemotactic cytokines 
(chemokines). To date, at 1e;ist 90 cytokines have been identified and chnracterized and every 
month more novel cytokine molecules are identified, each with a perplexing multiplicity and re- 
dundancy of action. 

Cytokines mediate their biological effects by binding to their cognate cell-associated re- 
ceptors. This interaction initiates intracellular signaling pathways that mediate the effector func- 
tion by activating gcnc transcription. Cytokines are rarely released as a single species. An indi- 
vidual cytokine is able to stimulate the production of many others generating a network response. 
Generally, these molecules are produced in small amounts (picomolar to nanomolar concentra- 
tions) and act nonenzymatically in a paracrine or autocrine fashion in the local milieu in which 
they are produced. A minority of cytokines circulate in a hioactive form to be distributed to vari- 
ous tissues via the circulation. The production of cytokines is transient and subject to complex and 
strict controls and interactions with other cell regulators, such as hormones and neuropeptides. 

The goal of this chapter is to provide a survey of cytokines polen&iLtlly operative in the 
pathogenesis of vasculilis. Since cytokines are pleiotropic (thcy exert diverse functions on varied 
type of cells and tissues), and mediate overlapping activities, the role of specific cytokines that 
are active in the vascular inflammation requires careful dissection. What needs to be established 
is which cytokines have the most influence on pathological mechanisms responsible for vessel 
damage in a given syndrome. This information is not easy to obtain, as the importance of cy- 
tokines in pathogenesis may not strongly correlate with their abundance. 
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Over the past few years, novel pathogenic mechanisms leading to vascular inflammation and in- 
jury have been discovered. Inflammation is normally a localized, protective rcsponse to tissue in- 
jury. This process is associated with production of cytokines and chemokines that recruit and ac- 
tivate inflammatory cells. Cytokines such as IL-1 p and TNF-a are released early and alter blood 
flow, increase vascular permeability, increase leukocyte adhesion, promote migration of leuko- 
cytes to the inflammatory site, and stimulate these cells to destroy inciting agents. Infiltrating in- 
flammatory cells produce cytokines that amplify an ongoing response. The infiarnmatory response 
is typically self-limiting. Changes in the regulatory mechanisms lead to chronic inflammation. Vas- 
culitis, as a clinicopathological process, may occur as a primary process or as a component of an- 
other, underlying disease. The clinical spectrum of vasculitides is wide and varied. The vasculitic 
syndromes share a common histopathological substrate-inflammation and necrosis of the vessel 
walls-and are generally thought to be mediated by immunopathologicical mechanisms. Irrespec- 
tive of the primary imniunopathogcnic events leading to vasculitis, activation o T  vascular en- 
dothelium by several cytokines plays a pivotal role in the localization and propagation of vascular 
injury. Cytokine-induced accumulation of inflammatory infiltrates in the blood vessel wall is the 
common phenomenon shared by all vasculitides, and advances have been niade in understanding 
the interactions between leukocytes recruited into inflammatory site and vascular endothelial cells. 
The spectrum of cytokines produced simultaneously within the blood vessels encompasses both 
proinflarnmatory and antiinflarnmatory activities, and it seems that in vasculitic lesions the bal- 
ance is in fa17or of proinfl'mmatory molecules. 

ytokines in Vasculitic Syn 
Analysis of cytokine action in vasculitic disorders has been limited to some clinical experiments 
and is confined mainly to the analysis of blood (serumfplasma and cells) and the in situ expres- 
sion of cytokines in vasculitic lesions. 

It is now well established that the development of inflammatory infiltrates in vessel walls 
relies on dyiiamic interactions among leukocytes, endothelial cells, and extracellular matrix pro- 
teins. Adhesion molecules and cytokines released by endothelial cells and activatcd inflamniatory 
cells recruited in blood vessels represent key factor?, in this process. It is evident from our current 
understanding that vasculitic disorders are associated with abnormal cytokine and cytokine rc- 
ceptor expression. Not surprisingly, both quantitative and qualitative abnormalities of cytokine 
production have been described in patients with systemic vasculitis. Because cytolunes act in au- 
tocrine, paracrine, or endocrine manner, their detection in vasculitic lesions has sipificant patho- 
physiological relcvance. It is likely that these mediators actively participate in the pathogenesis 
of vessel occlusion and repair of vasculitis. The main cytokines particular relevant for the patho- 
genesis of various vasculitides are summarized in Table 1. 

The findings concerning serum or plasma levels of cytokines in vasculitic syndromes are 
difficult to interpret since these may be affected by soluble cytokine rcceptors, inhibitors, and nat- 
ural antibodies to cytokines. The increase of serum levels of proinflanxnatory cytokines in was- 
culitis patients could explain, at least in part, the presence of systemic manifestations (fever, 
weight loss, malaise) that are common in vasculitic disease. Several studies have provided evi- 
dence that in the context of vasculitis, constitutional symptoms are linked closely to the presence 
of clevaled levels of circulating cytokines and soluble cytokine receptors that are shed from the 
cell suiface, such as sIL-2R. sTNI'R or sIL-6R (1 1,21,29). 
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Table 1 
Vasculitis Syndromes 

Cytokine Cellular source Function/potential role in vcssel damage 

Principal Cytokines Known to Be Involved in the Wthogencsis of Various 

Proinflammatory cytokines 
IL-la, p Monocytes, mmphages, EC, 

T cells, NK cells, etc. 

TNF-~t Monocytes, tissue macro- 
phages, T, D cells, EC, NK 
cells, etc. 

macrophages, T cells 
Lymphotoxin Monocytes, tissue 

Interferon-y T cells, NK cells 

11,-2 
IL-6 

'I' cells, B cells 
Monocytes/macrophages, EC. 

smooth muscle cells. T cells 

IL- 12 B cells, monocytes, 

Immune regulatory cytokines 
IL-4 T cells, mast cells 
IL- 10 

TL-13 
TGF-p Monocytes, macrophages, lym- 

macrophages 

T, B cells, macrophages, ker- 

1T' cells, maqt cells, etc. 
atinocytes 

phocytes, dendritic cells 

Chetnotactic cytokines 
TI.r8/NAP- I Endothelial cells, monocytes, 

tissue macrophages, fibro- 
blasts 

Eotaxin Epithelial cells and phagocytic 
cells 

Mitogcnic cytokines 
Platelet-activating I)iatelets, EC, monocyte/ 

factor (PAF) macrophages, eosinophils, 
neutrophils 

VEGF EC 

Induces ELAM-I and ICAM-1 on endoihelial 
cells; induces procoagulant activity in EC; de- 
creases fibrinolytic activity of EC; activates T 
cells 

pression 
Similar to IL- 1 ; enhances ANCA antigen ex- 

Induces MHC ckw. II, ELAM-1, and ICAM-1 

lnduces MHC class II, ELAM-1, and ICAM-I 

Activates T-cells 
Stimulates T-cell proliferation; stimulates B-cell 

immunoglobulin production; stimulates fi- 
broblast protireration 

Increases cytokine production (TFN-y), prolifera- 
tion and cytotoxicity on T and K cells 

on endolhclial cells 

on endothelial cells 

Activates T- and B-cells 
inhibits proinflammatory cytokine synthesis, 

APC funclion cell inhibited immunity 
Regulates B cells and monocyte activity 
Strmulates angiogenesis; increases collagen syn- 

thesis; induces TNP-a and L- I ; downregu- 
lates growth of EC 

Chemoatlractant for neutrophils; downregulates 
ELAM-1 -CD15 interactions, induces ANCA 
antigen cxprcssion 

Chenioattractant for eosinophils and basophils 

Primes neutrophils to release lysosomal en- 
zymes when binding IC; directly stimulates 
neutrophils to produce superoxidasc radicals 
and release protcolybc enzymes 

EC mitogen in vitro and a potent angiogenic fac- 
tor in vivo 
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01N FLAMMATORY CY TOKINES 

Tumor necrosis factors (TNFs) have well-documented proinflammatory effects in endotoxic 
shock, tissue inflammation, and autoimmunity. These cytokines are mediators of both specific and 
nonspecific biological responses and represent a link between immune responses and inflamma- 
tory reactions. Tumor nccrosis factor-a represents a two-edged sword, in which catabolic effects 
(cachexia), tissue damage, and death can result from excessive uncontrolled production. Tumor 
necrosis factor-a is a pleiotropic cytokine produced by macrophages, activated T lymphocytes, 
and smooth muscle cells. Both mature TNF (often called TNF-a) and lymphotoxin (often called 
TNF-P) have the same molecular weight (1 7 kDa) and, similar to interleukin-I , have a precursor 
form that can remain intsacellular. The two forms, TNF-a and TNF-P, represent two distinct but 
related gene products. Tumor necrosis factor-a exerts its action through two cell surface recep- 
tors (p.5.5 and p75 TNFR). 

Interleukin- 1 is the term for two polypeptides (IL-1 a and IL- 1 P) that possess a wide spec- 
trum of inflammatory, metabolic, physiological, hematopoietic, and imniunological properties. 
Although both forms of UL-1 are distinct gene products, they recognize the same cell surface re- 
ceptors and share various biologicd1 activities. The biological Properties of TNF-a are remarkably 
similar to those of IL-1, particularly the nonimmunological effects of UL-I. Both TNF-a and IL-1 
induce the expression of a wide variety of genes (ie., cytokines IL-1-8, TNF-a, IFN-y, adhesion 
molecules, etc.) or suppress the expression of other genes (e.g., albumin, cytochrome P450, etc.). 

Inferleukin-6 (IL-6) is a 26-kDa cytokine that shares most inflammatory effects with TL-1 
or TNF-a, and syncrgizes with these cytokines to amplify the immune response. In some mod- 
els, the production of 1L-6 appears to be under control of IL-1 . Like IL-1 and TNF-a, IL-6 is an 
endogenous pyrogen and an inducer of acute-phase proteins. 

Generally, activation of monocytes/macrophages by different stimuli rapidly induces a 
group of proinflammatory cytokines, including TNF-a, TL-la and p, and IL-6. These proinflam- 
mdtory cytokines are produced by cells participating in the development of vascular lesions. A 
variety of cell types, including macrophages, T lymphocytes, fibroblasts, endothelial cells, and 
smooth muscle cells, all of which are present in the inflamed vessel wall, can express the recep- 
tors for TNF and are therefore capable of responding to TNF if it is produced during inflama- 
tion. Interleukin- 1 and TNF-a induce accumulation of leukocytcs at local sites of inflammation 
(probably the physiologically most important local effects of TNF) and stimulate endothelial cell 
adhesiveness for leukocytes. The biological effects of these cytokines also include activation and 
migration of leukocytes (T cells, B cells, macrophages, and neutrophils) and procoagulant activ- 
ities, including the stimulation of tissue factor-like activity and the downregulation of the an- 
tithrombotic protein Uprotein S pathway. 

Several lines of evidence indicate that TNF-a plays a significant role in the development o€ 
vascular lesions in human vasculitic syndromes. Elevated levels of TNF-a have been detected in 
both sera and tissue from patients with different forms of vasculitis. Many studies have dcnion- 
strated that TNF (as protein or messenger ribonucleic acid [mRNA]) and its receptors can be de- 
tected in almost all vasculitic disorders. Enhanced TNF-a gcne expression in mononuclear cells 
in patients with systemic vasculitis (8), as well as elcvated serum levels of TNF-a (12) and solu- 
ble TNF receptors (sTNF-5SR) and sTNF-~~R) ,  have been detected (10,21,27). The effects me- 
diated by TNF-a in vasculitic disorders are presented in Figure I .  

Several studies have focused on the in situ expression of proinflammatory cytokines in vas- 
culitic lcsions. In 1993, Noronha et al. (22), in their pioneering work, demonstrated by using dif- 
ferent methods [reverse transcriptase-polymerase chain reaction (RT-PCR), in situ hybridiLation, 
and imrnunohistochemical techniques] the production of IL- 1 and TNF-a in renal glomeruli from 
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Figure I Biological activities of TNF-a in vasculitis. 

patients with Wegener's granuloniatosis (WG) and microscopic polyangiitis (MPA). Weyand et 
al. (36) detected by the same technique a number of proinflamrnatory, angiogenic, and fibrogenic 
cytokines (IL-1, IL-2, IL-6, TNF-a, interferon-y [IFN-yl, TCF-P and granulocyte-macrophage 
colony-stimulating factor [GM-CSF]) in giant cell arteritis (GCA) and polyinyalgia rheumatica 
(PMR) lesions. Patients with PMR and GCA share in situ production of mRNA specific for 
macrophage-derived cytokines. T cells recruited to vasculitic lesions in patients with GCA prc- 
dominantly produce 11,-2 and IFN-y. Patients with PMR do not show interferon production, sug- 
gesting that IFN-y may be involved in the progression to overt arteritis (36). Evidence has accu- 
mulated that local production of IFN-y by CD4-k T cells is critical for the formation of 
inflammatory infiltrates in GCA. Wagncr et al. (35) demonstrated that the putatively disease-rel- 
evant CD4+ T cells, which are secreting IFN-y and express IL-2R, represent a very small popu- 
lation of dssue-infiltrating T cells. Interkron-y-producing T cells in vasculitic lesions of GCA ex- 
press several markers that identify them as T cells that have been recently stiniulated by an 
antigen-specific receptor. The regulatory function of IFN-y-producing T cells appears to extend 
into the inner media and intiina where pathological changes in GCA are most pronounced (35). 

A. Effects of Proinflammatory Cytokines on Cells 
Active in Vascular Inflammation 

Abnormal production OC proin llavnrnatory cytokines is a key element in the iminunopathology of 
systemic vasculitis (26). In vitro experiments indicate that TNF-a in interplay with other cy- 
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tokines plays a pivotal role in neutrophil-mediated vascular injury. Recently, Bratt and Palinblad 
(4) analyzed how cytokine stimulation of endothelial cells (ECs) in v i m  activates the cytotoxic 
capacity of polymorphonuclear neutrophil leukocytes (PMN). In this in vitro model of vasculitis, 
the author$ demonstrated that Lip, TNF-a, and TFN-7, act as powerful promoters of  cytokine- 
mediated neutrophil-dependent injury to endothelial cells. Many previous studies have docu- 
mented that stimulated PMN can cause injury to EC. Chemotactic peptide FlMLP or the physio- 
iogicallly occurring lipid product of arachidonic acid, LXA,, directly stimulate PMN to confer a 
consistent cytotoxicity. The effect of these two stimuli is dependent on release of proteases, oxy- 
gen radicals, and cxpression of PMN adhesion molecules, and requires Ca2’ and Mg2’ ions, How- 
ever, the cytokine-mediated process presented in that work is an example of endothelial injury 
mediated by neutrophils in the absence of neutrophil agonists. The cytotoxic process of vascular 
inflammation is dependent on expression of adhesion molecules and may he associated with stim- 
ulated nitric oxide (NO) production (4). 

Defective apoptosis regulation might lead to a persistent presence oT inflammatory cells 
causing damage to vessel walls. Recently. Tanigushi et al. (32) have demonstrated that mice de- 
fective in Fas-mediated apoptotic mechanisms develop a granulomatous arteritis through macro- 
phage activation that might be amplified by macrophage colony-stimulating factor (M-CSF). 
Both MfWgld and MIudlpr strains caii develop spontaneous granulomatous arteritis, with infil- 
tration by Mac-2 macrophages and CD4+ T cells, due to defective apoptotic mechanisms. The M- 
CSF was shown to enhance Fas antigen and Mac-2 expression on spleen cells from MFW+ mice, 
its well as granuloma formation. Thls model clearly demonstrated how the cytokine stimulation 
and interaction between T cells and macrophages can generate and potentiatc permanent damage 
to vessel walls (32). 

Thc experimental evidence sumanarized above indicates that cytokines activate endothelial 
cells in ways that lead to leukocyte accumulation and activation into the blood vessel wall. Re- 
cruited inflammatory cells release a variety of cytohnes and growth factors. Their effects on en- 
dothelial cells and smooth muscle cells account fur systemic clinical symptonis and vasculitis. En- 
dothelial cells undergo mo~-phological and functional changes at the sites of cell-mediated immune 
and inflanimatory reactions. Endothelial cells are now known to contribute directly to the control 
of many aspects of vasculau- homeostasis, including thc process of blood coagulation and tihrinol- 
ysis, platelet activation, vasomotor tone and vascular permeability, vessel growth and remodeling, 
and leukocyte trafficking in normal and pathological conditions. Until recently, vascular endothc- 
hum was regarded as an “innocent bystander” or as a victim of the vasculitic processes. A grow- 
ing body of evidence indicates that endothelial injury i s  a fundamental step in the development of 
all types of vasculitis. Recent data have demonstrated that ECs may play an initiating role in vas- 
cular disease. Recently, Johnson et al. ( 15) have demonstrated that adult vascular ECs (venous and 
arterial endothelial cells) costimulate production of IL-2 and IFN-y, but not IL-4, by mature T cells. 
This finding may be important in understanding vasculitis or atherosclerosis. 

B. Proinflammatory Cytokines and Antineutrophil Cytoplasmic 
Antibody-Mediated Vasculitis 

Advances have been made in understanding the pathogenesis of WC and MPA by discovery of 
the presence of antineutrophil cytoplasmic antibodies (ANCAs) in these diseases. The ANCAs 
have been postulated to play a pathogenic role in vessel injury in these vasculitic syndromes. I n  
vitro data indicate that these autoantibodies enhance the effector pathway of immune responses 
relevant to vascular inflammation. Accessibility of ANCA antigens appears to be a prerequisite 
€or such an interaction. Tumor necrosis factor-a (and other cytokines such as IL-1 and KX-8) in- 
duces expression of ANCA target antigens on the surface of human neutrophils and nionocytes 
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and also induces neutrophils and endothelial cells to increase their expression of adhesion mole- 
cules, leading to adhesion of activated neutrophils to the vascular cndothelium. Circulating 
ANCAs bind to membrane-associated antigens and influence neutrophil and nionocyte function. 
This interaction leads to enhanced production of reactive oxygen species and degranulation 
(ANCA cytokine sequence theory), which damage the vessel walls and the surrounding tissues 
(13). Furthermore, the release of protcolytic enLymes may subsequently induce shedding of 
sTNF receptors (TNFRs) from the cell surface or release of sTNF-S5R to the intracellular pool 
(24). While sTNFRs may potentially protect cells for further activation by TNF-a, it has been 
demonstrated that TNFRs stabilize the bioactivity of 'TN1;-a (l), and hence may contribute to 
TW-mediated neutrophil/monocyte activation. 

Very recently, Cockwell et al. ( 5 )  have studied the role of 1L-8 in ANCA-associated 
glomeruloncphritis (GN). They analyzed the intraglornenilar expression of ILX in ANCA-associ- 
ated GN by in situ hybridization and imiunohistocheinistry. In vitro, they investigated ANCA- 
stimulated neutrophil TI,-8 production by ELISA (en7,yme-linked immunosorbent assay), and the 
effect of IL-8 on ANCA-stimcrlated neutrophil supernatants by chemotactic and transendothelial 
assays. They proposed that the production of IL-8 by ANCA-stimulated neutrophils within the in- 
travascular compartment may frustrate neutrophil transmigration, encourage intravasculai- stasis, 
and conti-ibute to bystander damage of glomerular endothelial cells (5) .  

In summary, proinflammatory cytokines are the orchestrators of neutrophil migration and 
function in ANCA-associated vasculih. These cytokines mediate a complex series of endothe- 
lial/leukocyte interactions. 

6. Proinflammatory Cytokines and Mechanisms of Pathogenic 
Immune Complex Formation 

Among proposed mechanisms of endothelial injury, the most important and best studied is im- 
mune complex (1C)-mediated injury. However, the mechanism of IC targeting to specific areas 
of blood vessels is largely unknown. Elcvated circulating levels of cytokines such as TNF-a and 
INF-y have been reported in IC-associated vasculitis (12,20). Tumor necrosis factor-a and IFN-y 
regulate EC gene expression and cause morphological change. The role of leukocyte FcjK in the 
pathogenesis of 1C-associated vasculitis has been recognized (31). Recently, Pan et al. (23) rc- 
ported for the first time that TNF-a and IF"-y enhanced low-affinily FcyR expression on human 
aortic ECs in vitro. The authors suggested that FcyR expressed on inflammatory cytokine-stimu- 
lated ECs may Contribute to the specific localization of circulating IC in blood vessel endottie- 
liuin and thereby contribute to vasculitis (23) .  

Takcn togethcr, the data presented above indicate that proinflammatory cytokincs TNF-a, 
IL-p, and IL-6 are key cytokines in hurnan vasculitic syndromes. Whatever the initial antigenic 
stimuli may be, these cytokines play a pivotal part and might be appropriate therapeutic targets. 
However, the consequences of anticytokine therapy on the immune system {host defense, 
ThlRh2 balance, leukocyte and endothelial cell activities) are still unexplored. 

IV. MITOGENIC CYTOKINES 

Vascular endothelial growth fuctar (VEGF) is an endothelial cell mitogen i n  vitro and a potent 
angiogenic factor in vivo (9). The main inducer ofVEGF is hypoxia, but its expression is rcgu- 
lated by a variety o f  hormones, growth factors, and cytokines (11-6, TGF-P). It is detected in areas 
where ECs are proliferating and also around microvessels in areas were ECs are normally quies- 
cent. In mice deficient for VEGF expression, the formation of blood vessels is severely impaired, 
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whereas overexpression of VEGF in quail results in hypervascularity and hyperpermeability (9). 
Concerning the function of VEGF, Li et al. (17) hypothesized that it may be important in patho- 
biology of vasculitis and they measured levels of VEGF in the serum from patients with active 
WG. The VEGF levels are raised in WG compared with controls and may be a marker of disease 
activity. However, VEGF does not seem to be specific for a particular disease. It is probably a non- 
specific marker for vascular disorders in which EC damagehepair occurs (17). 

To elucidate the involvement of VEGF in the pathogenesis of Kawasaki disease (KD), Terai 
et al. (33)  investigated 30 patients with acute KD, comparing the time course of plasma VEGF 
levels with clinical symptoms and laboratory findings. They also measured the plasma levels of 
TGF-B and TNF-a, both of which can upregulate VEGF in vitro. They found markedly elevated 
VEGF levels in plasma from patients with acute KD. The VEGF levels at the appearance of rash 
and/or edema of hands and feet were also clevated and in 23% patients, plasma levels remained 
increased after the resolution of these symptoms. Furthermore, the authors found that the plasma 
levels of VEGF were highly correlated with those of TCF-P. Vascular endothelial growth factor 
may be involved in the hyperpermeability of local blood vessels in acute KD (33). 

Platelet-derived growth.fuctor (PDGF) i s  produced locally in the blood vessel wall and reg- 
ulates mobilization, migration, and proliferation of vascular smooth muscle cells (VSMC). In a 
recent study, Kaiser et al. (16) explored the hypothesis that GCA is associated with vaso-occlu- 
sion resulting from a growth factm-dependent fibroproliferative process. They demonstrated that 
PDGF, a prototypic growth factor implicated in driving intimal hyperplasia in nonvasculitic arte- 
rial diseases, is upregulated in tissue-infiltrating and stromal cells in arteries affected by GCA. 
CD68+ macrophages, smooth muscle cells, and multinucleated giant cells produced PDGF, 
whereas hyperplastic intimal tissuc did not. Correlation of tissue expression of  PDGF and is- 
chemic complications suggested that PDCF has a role in arterial occlusion in GCA. The exces- 
sive fibroproliierative response, leading to luminal narrowing could be distinguished from the 
stenosing process in atherosclcrosis and postangioplasty restenosis, suggcsting that there are dif- 
ferent response patterns to arterial injury. In CCA, macrophages at the media-intima border were 
the dominant source of PDGF. The authors concluded that inhibition of intimal proliferation 
should be a major goal of treatment in GCA, and therapeutic measures targeting the action of 
PDGF could complement steroid therapy, which causes a high rate of side effects in the elderly 
population affected by GCA (16). 

NOREGULATORY CYTOKINES 

. T Lymphocyt~Q~rived Cytokines in Vasculitic Syndromes 

The characterization of different subsets of T helper (Th) cells is directly related to their cytokine 
profiles and several disorders may now be classified according to the predominance of a particu- 
lar T helper cell subset. We will briefly summarize the Thl /Th2 hypothesis and how it relates to 
vasculitides, ‘and highlight recent studies that question this hypothesis. 

1. The ThlPTh2 Model 
The discovery of T helper lymphocyte subsets (Thl and Th2) that differ in their cytokine secre- 
tion patterns and effector functions has provided a model for understanding how cytokines regu- 
late pathological immune and inflammatory responses. 

Figure 2 summarizes the cell types and cytokines involved in the polarization of T cells and 
the major differences between Thl and Th2 cells in terms of cytokine profile and function. Thl 
lymphocytes secrete interleukin 2 (IL-21, IFN-y, and tumor necrosis factor-P (TNF-P or lynipho- 
toxin). Th2 cells, on the other hand, secrete IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13. Both cell types 
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originate from the same precursor lymphocyte (Tho) and their differentiation is partially deter- 
mined by cytokines present at time of antigen recognition. The presence of IFN-? and IL-12 favors 
the Thl phenotype, while IL-4 and IL-10 promote gcneration ofTh2 cells. Thus, cytokines them- 
selves can alter the subsequent cytokine profile produced by T cells. Thl cells slipport cell-medi- 
ated immunity, while Th2 cells provide B-ccll help and also suppress cell-mediated immunity. 

The balance between cytokines from Thl and those from Th2 cells is thus critical in deter- 
mining the outcome of the immune and inflammatory response and any disturbance could have 
profound palhological effects. 

2. The T h l ~ ~  Concept and Vasculitic Disorders 
There is now considerable interest in evaluating whether development of vascular lesions are due 
to abnormalities of the Thl/Th2 balance. Few studies have directly addressed the predominance 
of a particular T-helper-cell subset in vasculitic syndromes. 

Analysis of tissue cytokine patterns in patients with PMR and GCA (see above) indicated 
that the granulomatous reaction in GCA is associated with a localized immune response of ex- 
clusively the Thl pathway. The pattern of T cell-derived cytokines found in inflamed tissue in&- 
catcd that a selected type of helper T cells, the IFN-y-producing T cells, are crucially involved in 
the formation of the granulomatous infiltrate (36). 

Recently, our group has investigated the cytokine pattern (Thl and Th2) in WG by analyz- 
ing the profile of cytokine secretion by T cells derived from tissue with granulornatous inflamma- 
tion (nasal mucosal biopsy specimens) or from an area close to the site of granulomatous inflam- 
mation (bronchoalveoler lavage [SAL]) and, for comparison, from peripheral blood (PB). In this 
study we used different experimental approaches, and cytokines were detected by ELISA and a 
competitive RT-PCR. Our results demonstrate that the Th 1 pattern is the main cytokine profile ex- 
hibited by T-cell clones (TCCs) isolated from nasal biopsy specimens displaying gr'mulomatous 
inflammation and, to a lesser extent, by TCCs and T cell lines (TCLs) generated from RAL cells. 
In addition, both polyclonal CD4+ and CD8+ T cells from PI3 <md BAL produced predominantly 
IFN-y. These findings fit well with the concept that T cells play a triggering role in the pathogen- 
esis of WG (7). Ludvi'ksson et al. (18) addressed lhc question if WG falls in the same or different 
category as GCA by examining the profile of cytokine secretion of circulating T-cell populations 
from patients with WG. They found that active WG is associated with HLA-DR+ CD4+ T cells 
exhibiting an unbalanced ThL-type T-cell cytokine pattern. 

The mechanisms responsible for the preferential development of Th3 cells in granuloma 
have not yet been investigated. Thl-dominant responses are veiy effective in eradicating infec- 
tious agents, including those hidden within the cells; however, if the Thl response is not effective 
or is excessively prolonged, it may become dangerous for the host due to both the activity of cy- 
totoxic cytokines and the strong activation of phagocytic cells. Thc local secretion of high levels 
of IFN-y may represent an important amplification loop leading to a tissue-destructive inflamma- 
tory response in patienls. The LFN-y activates local niacrophages and granulocytes to produce 
proinflammatory cytokines and toxic metabolites, which cause damage to the tissue and maintain 
the inflammation. 

Interleukin-12 produced by macrophages in response to various stimuli is a potent inducer 
of 1FN-y production. Interferon-y, in turn, markedly enhances IL- 12 production. Recently, 
Hodge-Dudour et al. (14) demonstrated that TNP can inhibit IFN-y priming for enhanced TL- 12 
production and thereby interrupt the amplification loop involving IFN-y and IL- 12. To determine 
whether TNF inhibition of IFN-y-induced E-12 production contributed to the resolution of an 
inflammatory response in vivo, the responses of TNP+/+ and TNF-/- mice injected with 
Corynebacteriurn parvum were compared. TNF-/- mice developed a delayed, but vigorous, in- 
flammatory response leading to death, whereas TNF+/+ mice exhibited a prompt response that 
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resolved. Serum IL-12 levels were elevated threefold in C. pnwum-treated TNF-/- mice corn- 
pared with TNF+/+ mice. Treatment with anti-IL- 12 antibody led to resolution of the response to 
C. purvum in TNW- mice. The authors conclude that the role of TNF in limiting the extent and 
duration of inflammatory responses in vivo involves its capacity to regulate macrophage IL-12 
production (14). 

Fujioka et al. (38) recently investigated the mRNA expression of cytokines from skin le- 
sions in  Churg-Strauss syndrome. Cytokine mRNA expression differed according to the degree 
or cellular infiltration. In the presence of marked infiltration, counteracting Thl and Th2 cy- 
tokines were simultaneously detected; the fosmer included IL- I 2  and IFN-y, and the lattcr 1L-6 
and IL- 10. The concurrence of both types of cytokines could be attsibuted to differcnt factors. For 
example, IL-6 is involved in the formation of immune complexes by IgG, and IL-12 and EN-y  
appeared to participate in the development of granuloma. It is also inferred that the dominance of 
one of the two types of cytokines depends on the clinical phase of the disease. 

Sugi-lkai et al. (30) analyzed the Thl (IL-12 and IFN-y) and Th2 (L-4) cytokine profile of 
CD4+ and CD8+ cells in peripheral blood in patients with active and inactive BehSet’s disease 
(BD) and the effect of immunosuppressive drugs on the profile of cytokine-producing cells was 
evaluated. The freyucncics of Th I cytokine-producing CD4+ and CD8+ cclls increased in pa- 
tients with active BD. Effective immunosuppressive treatment decreased the population of Th l - 
producing cells. These results suggest a possible role for Thl cytokine-producing cells in the 
immunopathogcnesis of BD (30). 

Taken together, there is some clinical and experimental evidence that the dysregulation of 
the Th lffh2 cytokine balance may play a key role in orchestrating the immune response in vas- 
culitic diseases. However, cytokines, predicted by the Th 1/Th2 hypothesis to either promote or pre- 
vent injury, may have dual functions in the immunopathogenesis of vasculitis disorders. IFN-y, 
which activates macrophages, may play a critical role in downregulating activated T cells. Con- 
versely, IL-4, which has important antiinflamnatory properties, also induces polyclonal B cell ac- 
tivation. The Thl/Th2 concept i s  a useful paradigm for understanding T cell differentiation and 
regulation, but the inmiune responses and disease manifestations in vasculitic syndsomes are more 
complex and may not be so highly polarized as to depend on only one effector population. 

Growth Factor-P 
Transforming growth factor-P is a small family of multifunctional cytokines (TGF-PI, 2, and 3) 
that display both growth-promoting and growth-inhibitory properties on a wide range of cell 
types. In animal models of human autoimmune disease, local or systemic administration of TGF- 
P can modulate the onset and course of inflammatory processes (2,3). Transforming growth fac- 
tor is produced by every hernatopoictic cell lineage, including dendritic cells, macrophages, lym- 
phocytes, and natural killer (NK) cells. Although a number of different experimental systems 
have produced conflicting results regarding the influence of TGF-P on T helper differentiation, 
the production of this cytokine by antigen-specific T cells may define a unique Th subset, referred 
to as TGF-P-producing Th cells, or Th3. This cytokine has received recent attention in vasculitic 
disorders. Transforming growth factor$ stimulates angiogenesis and increases collagen synthe- 
sis. In temporal artery biopsies from patients with GCA and PMR, TGP-@ levels were elevated 
and promoted migration of inflammatory cells to the vessel wall. Furthermore, it was demon- 
strated that this cytokine diminished growth of endothelial cells and induced expression of other 
cytokines, such as TNF-a and IL-l (37). Our own laboratory (6) has investigated the expression 
of TGF-P and possible interactions of this cytokine with ANCA auloantigen (proteinase 3 IPR31) 
in WG. Specifically, we examined the effects of TGF-P on translocation of the lysosonial en- 
zymes to the cell surface of PMNs and possible activation of nonbioactive, latent TGF-P by these 
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enzymes. The TGF-PI isoform was found to be overcxpressed in WG and to correlate with dis- 
ease activity, while TGF-p2 levels were not elevated. Flow cytomelry analysis of TGF-PI func- 
tion showed TGF-PI to be a potent translocation factor for PR3 comparable with other neutrophil 
activating factors such as TL-8. The membr'ane expression of PK3 on primed PMNs increased by 
up b 5 1 % after incubation with TGF-PI . Moreover, PR3 itself was revealed as a potent activator 
of latent TGF-P, and thus was able to mediate the biological effects o i  this cytokine. These sur- 
prising findings, together with other TGF-p capabilities, such as induction of angiogenesis and its 
strong chemotactic capacity, indicate that TGF-P might serve as a proinflammatory factor in- 
volved in the cascade of immunological events and resulting in inflammation and tissue destruc- 
tion in WG (6). Thus, further investigation and prospective studies are necessary to clarify the 
clinical and pathophysiological role of these phenomena in the pathogenesis of vasculitic disease. 

VI. CYTOKINES: CLUES TO THE PATHOLOGY OF VASCULITIC SYNDROMES? 

Most of the vasculitic syndromes are mediated by jmmunopathogenic mechanisms that have been 
traditionally classified into four types (I-IV) analogous to those described by Coombs and Gel1 
for the various forms of hypersensitivity reactions (13). Accordingly, clinicopathological and im- 
munohistochemical studies led to the terms allergic angiitis (type I reaction), autoantibody-asso- 
ciated vasculitis (type 11 reaction), immune complex vasculitis (type III reaction) and vasculitis 
associated with T cell-mediated hypersensitivity (type JY reaction). We have attempted to apply 
this simplistic approach to what is now known about the role of cytokines in the pathogenesis of 
vasculitic syndromes. A simplified scheme is depicted in Figure 3.  

pe I: Vasculitides Strongly Associated with Atopic Disorders 
llergic Vasculitis) 

Urticaria1 vasculitis (UV) and, more characteristically, Churg-Strauss syndrome (CSS) are vas- 
culitides strongly associated with atopic disorders, or type I reactions, in the classification of Gell 
and Coombs. In these disease entities, activated Th2 lymphocytes play a central role through their 
production of cytokines, such as IL4, IL-5, IL-13, mediating the accumulation of mast cells, ba- 
sophils, and eosinophils and the hyperproduction of IgE. Bridging of IgE-receptors on these cells 
leads to secretion of inflammatory and toxic mediators. While UV is predominantly induced by 
degranulation of mast cells, in CSS activation of eosinophils is a central feature, where eosinophil 
cationic protein, eosinophil-derived neurotoxin, and lipid mediators (LTC4, platelet activation fac- 
tor [PAFI) seem to play a major role in induction of eosinophilic vasculitis. Tnterleukin-5 and to a 
lesser extent GM-CSF or IL-3 act as specific growth and differentiation factors for eosinophils and 
are selective chemoattractants in tissue. Furthermore, IL-5 induces the expression of adhesion mol- 
ecules CD l X/ l  l b, promoting enhanced adhesion of eosinophils on human microvascular en- 
dothelid cells in vitro. Interleukind, and also I t 3  and GM-CSF, activate eosinophils in vim, 
leading to degranulation (34). Moreover, eotaxin is a selective and highly potent chemotaxin for 
eosinophils, which specifically binds to the chemokine receptor CCR3, expressed on eosinophils, 
and activates these cells. In this regard, PAF and eotaxin can act synergistically. More recently, the 
treatment with interferon-a has shown to counterbalance the Th2 predominance in CSS (38). 

. Type 11: Vasculitides Strongly Associated with Autoantibodies 

Thc ANCA-associated vasculitides (WG, MPA) and Goodpasture's syndrome (antiglomerular 
basement membrane antibody disease [GBM]) belong to type 11 immune reactions, or vasculi- 
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tides strongly associated with autoantibodies. As described above, autoantibodies (ANCAs) are 
involved in the immunopathogenic mechanisms of these vasculitides, resulting in necrotizing in- 
flammation of blood vessel walls (ANCA cytokine sequence theory) and pauci-immune vasculi- 
tis. In pauci-immune vasculitides no (or only few) immune deposits will be found in contrast to 
the linear deposition of GBM-antibodies seen in Goodpasture’s syndrome. The severity of the 
initial injury is influenced by the amount of antibody bound, the rate of binding, and the extent 
of  priniing of Icukocytes, For example, injury is increased by the proinflammatory cytokines 
TNF-a and !A-1. Mouse strains that are predisposed to a Thl -type immune response develop 
crescentic glomerulonephritis (rapidly progressive renal vasculitis) after receiving a subnephrito- 
genic dose of heterologous anti-GBM antiserum, whereas mice predisposed to a Th2-type re- 
sponse do not ( I  9). In addition, a combination of two Th2-lype cytokines (IL-4 and E-10) sup- 
press crescent formation (25). 

C. Type 111: Vasculitides Strongly Associated with Immune Complexes 

Circulating immune complexes or in situ immune complex formation are widely accepted as in- 
ducers for vasculitis. The pathogenic mechanisms leading to Schonlein-Henoch purpura, essen- 
tial cryoglobiilincmic vasculitis, cutaneous leukocytoclastic angiitis, and classic polyarleritis no- 
dosa can therefore be characterized as vasculitides strongly associated with immune complexes 
(type TI1 reaction). Immunohistochemical demonstration of humoral immune components (im- 
munoglobulins, complemcnt factors) in situ in blood vessel walls, often combined with poly- 
clonal hypergammaglobulinemia and autoantibody production (antinuclear antibodies, rheuma- 
toid factor), are hallinarks of these conditions. Th2-type cytokines, such as IL-10 and IL-6, seem 
to play a central role by promoting B-cell activation. In MRUlpr mice deficient in fL-4 and in the 
mercuric chloride (HgC1,)-induced autoimmune syndrome, Th2-type cytokines exaggerate im- 
mune complex nephritis (25). 

Vasculitides Strongly Associated 
ell-~ediated Hypersensitivity 

The type IV immune reaction summarizes vasculitides strongly associated with T cell-mediated 
hypersensitivity and includes large-vessel vasculitides (giant cell arteritis and Takayasu’s arteri- 
tis). These are often described as granulomatous vasculitides, however without deposition of im- 
mune complexes in situ or ANCA association. Characteristically, accumulation of lymphocytes 
and monocytes can be seen in blood vessel walls, with a preponderance of IEN-yproducing CD4+ 
T cells (Thl -type cells). 

Although this scheme allows a simple classification according to ccntral pathogenic rncch- 
anisms, more than one type of immune reaction may be involved during the course of a single dis- 
ease entity, and overlap syndromes may occur. 

This chapter summarized the work of several laboratories investigating cytokine expression in 
vasculitic disorders over the last 10 years. From the data presented it is apparent that while many 
studies have been performed to investigate cytokines, both in peripheral blood and in the local 
vasculitic lesions, their role in the pathophysiology of the vasculitic disorders is not yet com- 
pletely clear. Cytokines play a role in all forms of inflammation. It is no surprise that the increased 
presence oT these mediators in vasculitis has been convincingly demonstrated. Our knowledge of 
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the precise role of cytokines and the extent to which they are relevant in diffcrent phases of dis- 
ease processes is still very limited. Based on current understan&ng of the pathogenesis of sytemic 
vasculitis, it can be postulated that cytokine-mediated changes in the expression and function of 
adhesion molecules coupled with inappropiate activation of inflammatory cells and endothelial 
cells arc the primary factors influencing the degree and location of vessel damage in the vasculitic 
syndromes. Progress in the study of cytokines in vessel injury will provide new concepts regard- 
ing the pathogenesis of vasculitic syndromes and will probably reveal new therapeutic opportu- 
nities. 
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tors in Vascular Diseases 
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IgGs are the most abundant immunoglobulins, and perhaps for that reason, the term “Fc recep- 
tors” typically refers to the three families of IgG binding proteins encoded in the human genome 
and expressed constitutively by one or more specific cell types. These three families, FcrRI, 
Fc$XIi, and lic,,,RxIII. contain eight distinct genes and generate even more protein products by al- 
ternative splicing within several of the genes. However, the human genome also encodes for re- 
ceptors for other immunoglobulin classes (IgA, IgD, IgE, and IgM) as well as for Fc receptors 
with specialized functions in immunoglobulin h-ansport (the neonatal Fc receplor, FcRn; and the 
polymeric Ig receptor). Although our level of knowledge about each of these other receptors 
varies, it is certainly likely that at least several of them play an important role in vascular diseases. 
Intuitively, the IgA receptor (Fc,R, CD89) probably plays an important role in the vasculitis of 
Schiinlein-Henoch purpura, and the igE receptor (Fc,R, CD23) clearly plays a role in the vascu- 
lar permeability of some urticarias and possibly urticaria1 vasculitis. In addition to all of these en- 
dogenously encoded receptors, it is also important to remember that cells infected with certain 
herpes viruses can express virally encoded proteins that have Fc receptor-like binding capacity 
(Fig. 1 >. These proteins, whose true functions are unknown, raise interesting possibilities for the 
role of antibodies and immunologically relevant cells in virally induced vascular injury. 

From an immunologist’s perspective, vascular disease implies “vascu1itis”-that is, clear 
evidence of substantial inflammation leading to vascular damage and a repertoire of clinical dis- 
eases, including cutaneous and systemic vasculitides. Of course, vascular diseases encompass a 
much broader spectrum of pathology than just overt and predominant inflammation with vessel 
destruction. The interface between classical vasculitis and vasculopathies, including atheroscle- 
rosis, has becn blurred by new pathophysiological insights. Indeed, immune system cells and low 
levels of chronic inflammation may play an important part in the development of lesions in ath- 
erosclerosis. 

Recognizing that the context can be large, the focus of this chapter will be primarily re- 
ceptors that bind IgG. These receptors may also have other ligands (1-4), and the principles and 
directions established may pertain to other Fc receptors and Ig binding proteins. 
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Figure 1 Types of Fc receptor-likc proteins. Each of the irnmunoglobulin classes binds to distinct cn- 
dogenous human Fc receptors. Among receptors for IgG, there are three families, each with multiple genes. 
Differences in Ig binding and signal transduction propcrtics, as wcll as cell type- specific expression and 
unique genetic polymorphisms charactcrize these receptors. Unrelated is the MHC Class I-like receptor in- 
volvcd in Ig transport and catabolism. Virally encoded proteins bear no structural similarities to Lhc cn- 
dogenous human receptors. 

PECTRUM OF Fc RECEPTORS AND lg BINDING PROTEINS 

The FcPI (CD64) family contains three genes, but only the full-length A gene product (FcPIa) 
has been identified unequivocally as a mature protein on the cell surfacc (5). Unlike the other 
human Fc, receptors, FcpIa  has three Ig-like extracellular doniins and is a high-affinity recep- 
tor (K, - lo9 M-') that binds monomeric IgG. Fc;RIa binds immune complexes or clustered ar- 
rays of IgG with a higher net avidity than monomcr, but other Pcy receptors may be more likely 
to mediate first binding contact with soluble immune complexes since FcPIa is typically satu- 
rated with monomer. Two different Fc,RIR transcripts, one with a stop codon in EC3 and one 
splice variant with EC3 deleted (6), can be identified by polymerase chain reaction (PCR), but the 
human EC3 deletion variant has been difficult to demonstrate as an expressed protein. The cyto- 
plasmic donlain o f  Fc+Ua does not contain a tyrosine activation motif (I'IAM) or recognized 
docking sites for SI12 and/or SH3 domain-containing molecules. Tyrosine phosphorylation 
events, which are essential for FcFIa function, are mediated through the associated Fc,RI y chain 
that conlains an ITAM and is also €ound in association with FcPIII, Fc& and FcERI (7,s). As 
with other ITAMs, tyrosine phosphorylation of Fc,RI y chain involves both src kinases (e.g., hck) 
and syk kinase (9). FcFIa mediates phagocytosis, degranulation, generation of a respiratory 
burst, cytokiiie production [tumor necrosis factors-a (TNF-a) interleukin 1 (IL-I), interleukin 6 
(IL-6), antibndy-dcpctidcnt cell-mediated cytotoxicity (ADCC), and antigen presentation. Jnter- 
cstingly, it also binds C-reactive protein (CRP) and providcs one pathway through which CRP 
modulates the immune response (2). 
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The FcPIa gene has several nonsynonymous, misscnse single nucleotide polymorphisins 
(SNPs) that change coding sequence. A rare mutation at codon 92 in ECl leads to a “stop” codon. 
Several individuals with this mutation appear clinically well (10). The biology of other coding rc- 
gion SNPs has not been established. 

B. Fc,RII Family 

The three genes in the FcTRIT Eamily encode glycoproteins of about 40 kDa (1 1-1 5). While the 
extracellular domains of each of these gene products are highly homologous, the cytoplasmic do- 
main of the B gene, which contains a distinctive inhibitory signaling motif, diverges significantly 
froin the A and C genes. All three FcyRll family gene products are low-afinity receptors (K, < 
1 O7 M-‘) that do not bind SgG monomer and preferentially bind arrays o f  TgG as found in immune 
complexes, opsonized microorganisms, and IgG-coated particles. Three different isoforms are de- 
rived from the B gene. FcyRITbl and FcFIIb2 differ by a 19 amino acid cytoplasmic domain in- 
sert in Fc,RTIbl. Fc$IIb3 lacks part of the signal peptide. FcyRIIb1 is expresscd in lymphocytes 
while Fc$iIb2 is expressed by some inyeloid cells. The C gene, the result of an unequal cross- 
over between the IIA and IIB gene, has an Fc,Rllb-likc extracellular domain and an FcFIIa-like 
cytoplasmic domain. 

The cytoplasmic domain of FcyRIIa contains an TTAM, which is necessary for a wide vari- 
ety of receptor-mediated functions, including the respiratory burst, degranulation, phagocytosis, 
cytokine production and release, and antibody-dependent cellular cytotoxicity. FcPIIa signaling 
involves tyrosine phosphorylation and engages members ofthe src family of kinases (e.g., fgr) as 
well as syk kinase (16). Although pertu toxin, a classical G-protein inhibitor, alters some net 
signaling functions, G-proteins do not appear to play a primary role in Fc,RTIa signal transduc- 
tion. Other pathways, such as sphingomyclin-sphingomyclinase, are not yet clearly defincd. Be- 
cause the FcyKllb isoform has a tyrosine inhibition motif (ITIM) in the cytoplasmic domain, it 
has the potential to play an important downregulatory role in cell activation. Fc,RIIb recruits ty- 
rosine phosphatases including SHP-1 and SHIP to signaling complexes (17). 

The coding regions of both Fc,RIIa and Fc ,pIb  have several Inissense SNPs that lead to 
structural polymorphisms ( 1  8,19). The two predominant alleles of FcyRTIa differ by two amino 
acids, the first at residue 27 in the first extracellular lg-like domain (EC1) lglutarnine (Q) to tryp- 
tophan (W)] and the second at residue 131 in EC2 [arginine (R) to histidine (EI)]. The change from 
R to H at residue 131 dramatically affects the binding of human IgG2. The R131 allele, which 
binds human IgG2 poorly, is associated with certain bacterial infections and with autoimmune 
disease in some ethnic groups. Conversely, the H131 allele, which binds human IgG2 efficiently, 
may be associated with an increased risk of heparin-induced thrombocytopenia and of thrombo- 
sis in patients with autoimmune antiphospholipid syndrome. The H131 allele may have an in- 
creased affinity for human IgG3. A rare substitution in codon 127, changing glutamine (Q) to ly- 
sine (K), restores moderate TgG2 binding in the context of thc low-binding R131 allele (20). 
Interestingly, FcPIla has recently been identified as the second receptor for CRP (3,4). This bind- 
ing is allele sensitive with relative avidities reciprocal to those for IgG2. The impact of the Q127K 
polyrriorphism on CRP binding has not been studied. 

C. Fc,RIII Family 

The FcJXITI family contaiiis two genes that yield two distinct gene products (1 1-1 5). FcPIIIa 
(CD16a) has an intermediate affinity for ligand (K ,  - 1-2 x lo7 M-’) and binds monoineric IgG 
in solution (21). Because inultipoint binding leads to a net gain in avidity, FcFlSla preferentially 
binds immune complexes and clustered arrays of IgG just like other FcR. Fc,RIIIa is a trans- 
membrane protcin that associates with Fc,M ychain in the plasma membrane and requires ychain 
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both for expression and for signal transduction (22-25). In mast cells, FcRIIta associates with the 
p subunit of the high-affinity IgE receptor to form a receptor complex composed of an a chain 
(FcjRIIIa), a chain, and two ychains (26). This complex does not occur in natural killer cells or 
mononuclear phagocytcs and p chain probably serves to amplify signal transduction. Like other 
Fc, receptors, signal transduction depends on tyrosine phosphorylation events which are medi- 
ated through the ITAM of the Fc,RI y chain. 

Like FcyRla and Fc,RII, Fc,RTlIa is structurally polymorphic and these polymorphisms im- 
pact on receptor function. Initial evidence suggested that SNPs located in the third cxon encod- 
ing ECI and predicting an amino acid change from lcucine (L) to arginine (R) or from leucine (L) 
to histidine (H), might alter binding of human IgG. However, with exploration of‘the mcmbrane- 
proximal EC2 domain, a nonconservative T to G substitution that predicts a change of phenyl- 
alaninc (F) into valine (V) at amino acid 276 (27,28) was fotind. Multiple studies have demon- 
stratcd that EC2 strongly influences ligand binding, and crystal structure now confirms that EC2 
contaiiis the ligand binding surface for IgG (29,30). Thus, Fc;RIIIa in V176 homozygotes binds 
substantially more monomeric lgGl and lgG3 relative to F176 homozygotes despite identical lev- 
els of receptor expression. 

Fc,RIIIb (CD l6b), the second member of the FcFlII  family, is a low-affinity receptor ( K ,  < 
1 O7 M-I) with expression restricted to neutrophils and eosinophils. Like FcyRIIa, F c q I I b  does not 
bind monomeric IgG in solution but does bind IgG aggregates. Fc+tIlIb is unique in its linkage to 
the plasma membrane through a glycosylphosphatidyl inositol (GPI) anchor (3 1,321. With cell ac- 
tivation, FcyRIIIb may be released from the cell surface through cleavage by serine protease(s). 
Fc,RIlIb is rapidly reexpressed by translocation of pre-formed receptor from intracellular stores 
in secretory vesicles. Fc,RIIIb binds human IgGl and IgC3 with miniinal binding of IgG2 and 
IgC4. Some evidence suggests suggests that Fc,RlIIb is responsible for IgG3-triggered neutrophil 
responses (33). Despite the lack of transmembrane and cytoplasmic domains, FcyRITlh does initi- 
ate tyrosine phosphorylation-dependent signal transduction and cell activation, although the range 
of cell progr,arns elicited differs in some aspects from that initiated by FcyRIIa (34). Clustering of 
Fc,RII Ib can initiate an oxidative burst, degranulation, augmentation of FcFIIa-mediated phago- 
cytosis, capacitation of CR3 for phagocyto 

The FcFIIIb has two commonly recognized allelic forms, originally defined serologically 
as the NAL and NA2 doantigens (35). The FcPIIIB gene has five SNPs, and the FcPIIIb pro- 
tein product has four polymorphic amino acid residues. These SNPs are grouped into two pre- 
dominaiit genotypes; combinatorial grouping of these sites to yield a larger number of alleles does 
not occur. The “SW’ polymorphism, found in -4% of the NA2 Caucasian donors, reflects an un- 
common mutation from C to A at nt 266 in codon 78 [alaninc (A) to aspartic acid (D)] (36). The 
NA 1 and NA2 alleles have different quantitative levels of function despite comparable binding of 
IgG-opsonized erythrocytes (37,38). In normal donors, the NAl isoforin mediates a larger FcF- 
mediated phagocytic response and a quantitatively larger oxidative burst and/or degranulation re- 
sponse relative to the NA2 allelc. The NAJ and NA2 alleles do have different numbers of N- 
linked glycosylation sites and are differentially glycosylated in vivo. These posttranslational 
modifications may mediate interactions with the p2 integrin, CDI lb/l8 (CR3), in  the neutrophil 
plasma membrane and alter net receptor function (39). 

, and ADCC for some cell targets. 

ec@ptors for Other Ig Classes 

Fc,RI consists of a single family of molecules most probably derived by alternative splicing from 
a single gene (40-44). The dominant protein product, Fc,RIa (CDW), is a heavily and variably 
glycosylated transmembrane protein. Like FcyRIa and FcFIIIa, Fc,RIa lacks recognized signal- 
ing motifs in its cytoplasmic domain and associates with Fc,RI y chain which has an ITAM (45); 
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but unlike FcyRIIla, Fc,RIa does not require the Fc,R1 ychain for expression. Similar to Fc,,RIa 
and Fc+tXIla, Fc,RIa can initiate degranulation, a respiratory burst, and phagocytosis at least in 
some experimental systems (46-48). Despite these parallels. Fc,RT has sevcral distinctive fea- 
tures that suggests it may have some unique functions. It is not encoded on chromosome 1 in the 
FcP  gene cluster but rather on chromosome 19 near the KIR inhibitory receptors. Structurally, it 
is also distinct in having its ligand interaction site in ECl rather than EC2. 

In many ways, Fc,RI, the high-affinity receptor for IgE, has served as thc prototypic Tg re- 
ceptor for studies of signal transduction and activation of cell programs (49,SO). It forms a mul- 
tichain signaling complex with the ligand binding FcERI cz chain, the Fc,RI ychain and the p chain 
from the tetraspan family of molecules. In contrast, the IgD receptor bears no structural homol- 
ogy to other FcRs and is a member o f  the scavenger receptor superfamily. Neither its function, 
nor the [unction of the TgM receptor which has not yet been cloned, is well understood. 

c Receptor, FcRn 

The MHC class I-related Fc receptor. FcRn, mediates the intestinal absorption of maternal IgG in 
neonatal rodents and the transplacental transport of maternal IgG in humans by receptor-medi- 
ated transcytosis. FcRn is also expressed by endothelid cells whcre it modulates the catabolism 
of serum IgG (5  1-53). Beta 2 microglobulin knockout mice, which lack a functional FcRn, have 
altered clearance of IgG and this appears to impact on the pathophysiology of some antibody me- 
diated diseases (5435). Unlike other FcRs, however, FcRn does not directly activate or modulate 
cell injury programs and inflammatory responses. 

roteins with Fc eceptor Binding Activity 

Herpes simplex virus (HSV), varicella-zoster virus (VZV), and cytomegalovirus (CMV) each 
have endogenous viral genes encoding Fc binding proteins (56-61). The HSV glycoprotein, gH, 
binds TgG and togelhcr with a second glycoprotein, gI, the complex can bind with high avidity, 
Similar to the glycoproteins encoded by VZV and CMV, neither gE nor gT have any homology 
with the endogenous human Fc receptors. Although their function is not known, ligation of the 
viral Fc receptors expressed by infected cells docs not activate cells. Perhaps they serve as decoy 
receptors to prevent ADCC, but perhaps they also capture circulating immune complexes and pro- 
mote an adhesion cascade for circulating Fc receptor bearing cells. 

111. SPECTRU~ OF CELL EXPRESSING Fc RECEPTORS 

In the development of vascular disease, Fc receprs  might play a role if they are expressed by en- 
dothelial cells, il' they activate circulating cells, or if they activate cells adherent to endothelium 
or present in vascular lesions. Fc receptors might also inodulate resident vascular dcndritic cells 
or, indirectly through activation of myeloid cells, moduiate infiltrating lymphoid cells. An under- 
standing, therefore, of the spectrum of cells expressing Fc receptors becomes important in con- 
sidering models of pathogenesis. 

Fc,RTa is expressed on inyeloid cells (monocytes, rnacrophages, and CD34+ myeloid pro- 
genitor cells) and can be induced on neutrophils by interferon-y (IFN-y), IL- 10, and granulocyte 
colony-stimulating [actor (G-CSF). FcyKIla is widely found on myeloid cells, platelets, dendritic 
cells, and perhaps dermal inicrovascular eiidothelial cells. Fc,RIIb is expressed on B lymphocytes 
and on some rnyeloid cells while Fc$IIc is expressed on some natural killer (NK) cells. FcjRI- 
IIa is expressed on NK cells and, depending on the stage oT differentiation, on mononuclear 
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phagocytes and renal inesangial cells. Its expression by monocytcs is markedly enhanced by 
IPS-a and by transforming growth factor-P (TGF-P) and decreased by JL-4. Interferon-y and 
IL-10, two cytokines that significantly affect FcFI expression, have little effect on FcyRTIIa. 
Fc$XTJIb i s  mostly restricted to high-density expression on neutrophils although there is some ex- 
pression on eosinophils. 

Fc,RIa is constitutively expressed on human neutrophils and monocyles with about 6000 
to 7000 copies per cell. Its expression is upregdated on activated neutrophils. Among cytokines, 
TNF-a, IL-8, and GM-CSF increase surface expression of Fc,RIa while IFN-)I and TCF-P down- 
regulate it. Fc,RI a chain is found on effector cells-~nas~ cells, basophils, and eosinophils-typ- 
ically associated with an allergic diathesis, but it is also present on aiitigen presenting cells such 
as mononuclear phagocytes and dendritic cells. The IgD receptor i s  expressed in the lymphoid 
compartment during T cell development and does not appear to be related to the inflanmatory re- 
sponse in the periphery. 

Of course, the HSV, VZV and CMV Fc receptors are expressed by virally infected cells. 
The location and density of expression will vary according to the infection, but endothelial cells 
are often a target. 

IV. MODELS OF PATHOPHYSIOLOGY ADHESION AND ACTIVATION 

Although the ITAM-containing Fc receptors are typically conceptualized as receptors that acti- 
vate cell programs, in the context of vascular disease one can think of Fc receptors both as adhe- 
sion and activation receptors (Figs. 2 - 4 ) .  Depending of the degree of activation, one may have 
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Figure 2 Models of Fc rcceplors in  vasculitis. Specific antibody may target antigens 01% the surface of cir- 
culating cclls, subsequently engagc Fc receptors on the sainc cells and trigger thcm for a variety of cell pro- 
grams. Alternatively, mlibody tnay targct nun-Fe receptor bearing cclls and then serve simullaneously as 
“adhesion” and “triggering” molecules for reclvited Fc bearing cells. These latter cells might include ncu- 
trophils, monocytes, platelets, and NK cells. Immune complexes could serve the sane role for bolh circu- 
lating and fixed tissue cells bearing Fc receptors. 
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Figure 3 Fc receptors and oxidant-dcpcndent reactions. Phagocytes, espccially in the context of' surface 
contact, produce a vigorous respiratory burst in response to cytokines and Pc receptor ligation. In addition, 
Fc receptors deliver potent signals for degranulation. Superoxide (02 ) and inyeioperoxidase from 
arurophiiic granules are essential elements for generating reactive chlorination and nitration species. 
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Figure 4 Models of Fc receptors in vasculopathy. Modified LDL niay be internalized both by Fc recep- 
tors and scavenger receptors, perhaps leading to a modified repertoire of ccfl programs promoting low-grade 
inflammation and foam cell formation. Alternatively, virally infected cndothclial cells can express IgG 
binding proteins, which could focus immune complexes on the endothelial surfacc and recnrit Fc-rcceptor- 
bearing inflammatory cells. 
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frank inflammation with “vasculitis” or, perhaps, a much more subtle activation and tissue irijury 
program that over time appears more compatible with less inflammatory “vasculopathy.” Ather- 
osclerosis is a compelling example of such subtle activation involving inflammatory cells. 

. Inflammation with Histological Vasculitis 

Vasculitis most probably represents an interplay between an activated endothelium and activated, 
infiltrating inflammatory cells. Howcver, the nature of the cell injury programs elicited may vary 
with the properties of the activating stimuli ‘and the typcs of inflammatory cells recruited. Several 
different models oF antibody-mediated engagement and recruitment of effector cells are possible 
(see Fig. 2): (1) following antigen-spccific binding of antibody to circulating cells, Fc recep- 
tor-mediated activation of these cells promotes a proadhesive phenotype, fimi adhesion to the en- 
dothcliuni and triggering of a tissue injury program, (2) antibody bound to endothclial cells in an 
antigen-specific fashion facilitates adhesion of circulating cells or of cells rolling on the en- 
dothelium and at the same time triggers a tissue injury program in the effector cell, and (3) anti- 
body bound to endothelial cells in a “nonspecific” fashion, perhaps by immune complexes inter- 
acting with endogenously expressed Fc receptors, facilitates adhesion of effector cells and 
triggers tissue injury programs. The first model has been proposed as a framework for under- 
standing the pathophysiological role of antineutrophil cytoplasiilic antibodies (ANCAs) in We- 
gcner’s granulomatosis (WG) (62-64), and as such there are several stated elements of the hy- 
pothesis that need to be examined. In WG, attention has focused on neutrophils because they arc 
the primary source of proteiiiase 3,  the distinctive ANCA target antigen characteristic of WG. 

Element #1: Can F q  Receptors Activate Neutrophils and Promote a 

Nculrophils constitutively exprcss FcyRlIa and FcyRTIIb, and FcyRIa can be induced by cytokincs 
such as interferon-y <and GM-CSE These receptors initiate a wide variety of functions in neu- 
trophils, including the upregulation of CD 11 bKDl 8 necessary for firm adhesion, the respiratory 
burst. and exocytosis of I”, 2” and sea-etory granules (see Figs. 2 and 3). These effector mccha- 
nisms can lead to chemical modificatioii of proteins and lipids; targets range from microbial 
invaders to bystander tissues including endothelial cells. The signaling pathways engaged by 
FcyRIa, FcyRIIa and Fc+IIIb each have some distinctive properties (63.65), aiid therefore the na- 
ture of the neutrophil cell programs clicited by Fcy receptor ligation and clustering may vary ac- 
cording to the type of receptor engaged, the stoichiometry of clustering, and the recruitment of 
other molecules to the signaling cluster capable of modulating the net signaling event. Notably, 
Fc,J3IIlb has the interesting property or upregulating the CDI 1 bICD18 adhesion molecule before 
promoting L-selectin shedding (63). This sequence of events suggests that Fc,,RlIIb-mediated ac- 
tivation of neutrophils in the circulation could promote both the rolling and the firin adhesion in- 
teractions of neutrophils with endothelial cells. 

Proadhesive Phenotype? 

Element #2: Do ANCAs Activate Neutrophils in an F q  Receptor-Dependent Fashion? 
Thc ANCAs clearly activate neutrophils displaying ANCA targets i n  an Fc, rcceptor-dependent 
fashion that favors FcyRIIIb (62,65-68). Some ANCAs may be able to fix complement aiid, per- 
haps, (co)engage complement receptors; and whether Fc, receptors constitute the only pathway 
for ANCA-mediated activation remains a fruitful area for investigation (69). However, the exper- 
imental precedent for an “ANCA-FcF’ model of pathogenesis in the ANCA(+) vasculitidcs is 
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clearly established. Intrinsic to this model i s  the importance of understanding the qualitative and 
quantitative nature of Fc, receptor signaling, especially as induced by ANCAs. The ANCAs pref- 
erentially engage Fc,RIIIb and its unique signaling program (64). This program may have im- 
portant consequences for neutrophil apoptosis as well as for effector functions. 

Element #3: Do In Vitro Experiments Translate to the I11 Vivo Setting 

The ANCA target antigens arc found on the plasma membrane of circulating neutrophils from 
WG patients. Circulating neutrophils also show other signs of submaximal activation (70). Neu- 
trophils are found in vasculitic lesions; and in some settings, some correlations between ANCA 
liter, ANCA IgG subclass distribution, and disease activity havc been found. The ANCA target 
display by neutrophils probably results from fusion of intracellular azurophilic granules with the 
plasma menibrane induced by activation stimuli. However, display of ANCA target on cell sur- 
faces can, mnost probably, also be passively acquired. Exocytosis duc to activation with degranu- 
lation or to spontaneous apoptosis leads to discharge of granule contents. Passive adsorption of 
these contents, perhaps as a small vesicle or “ectosome” (71), provides a mechanism for recruit- 
ing additional efkctor cells as well as for targeting other cells (e.g., endothclial cells). 

Genetics provides an interesting window on the FcyR model in the ANCA(+) vasculitides. 
One might anticipatc that Fc,R genetic polyniorphisms might influence disease phenotype. Fc- 
,pila SNPs do not seem to be important (72,73), a finding which i s  not surprising since lgG2 
ANCAs are not prominent in disease. However, FcyRlllb SNPs may influence disease severity 
(74.75). Such observations, based on naturally occurring functional point mutants, strongly sup- 
porl a rolc for Fc, receptors in pathogenesis. 

of the ANCA(+) Vasculitides? 

Element #4: DO All ANCA Targets Nave the Same Biology and Same Disease Phenotype? 
Each ANCA target has a characteristic biology. They may reside in different granule compart- 
ments, havc dii‘fercnt resident times on the surface of the neutrophils, have different access to ec- 
tosornes, and be handled differently once released from cellular structurcs. Accordingly. it is not 
surprising that different ANCAs may not be equivalent (76). The roles of Fc;RTa, FcFIlb, and 
FcyRIIc, and the lactors that affect their expression will be important modifiers in different clini- 
cal settings. However, the different signaling pathways may present important opporlunities for 
selective intervention. The relationship of ANCA target type, ANCA class and subclass, specific 
Vc, receptor expression, and corresponding genetic variants all need to be examined in relation- 
ship to clinical phenotype. 

Of course, none of the three di ffercnt models oE antibody-mediated cngagernent and re- 
cruitment of effector cells are mutually exclusive. Indeed, the recognition that proteinase 3 and 
niyeloperoxidase are characteristically “sticky” suggests that both direct target display 011 neu- 
trophils and passive adsorption may play a role in pathogenesis of ANCA(+) vasculitides. Sirni- 
larly, in immune complex vasculitis, circulating complexes might bind to circulating cells or to 
fixed tissue cclls expressing Fc reccptors. And, of course, antibodies to endothclial cells or to vas- 
cular wall constituents can bind directly to rheir target antigens and present their respective Fc 
pieces to Fc receptor hearing cells. 

R. Noninflammat~ry Vasculopathy 
Thorough analysis of the pathogenesis of atherosclerosis is beyond the scope of this chapter. 
Nonetheless, several elements suggest that Fc receptor bearing inflammatory cells inay play an 
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important role (see Figs. 3 and 4). Mononuclear phagocytes are the precursors to foam cells, ‘and 
the footprints of an inflammatory response can be found in atherosclerotic plaques: chlorinated 
and nitrated proteins indicate degranulation and a respiratory burst, and various chemokines sug- 
gest an orchestrated recruitment of immune cells (77,78). Cytokines modulate the athersclerotic 
response (79). 

Generation of reactive chlorination species requires both an oxidative burst and the avail- 
ability of myeloperoxidase from azurophilic granules. Interestingly, although reactive nitration 
species may be formed by several different pathways, those derived from the myeloperoxidase 
(MP0)-catalyzed reaction of H,O, with NO2- arc highly effective in niodifying low-density 
lipoprotein (LDL) for receptor-mnediated uptake by macrophages (77). Fc receptors are among the 
most potent stimuli for both the oxidative burst and neutrophil degranulation. Blockade of this 
pathway may be one explanation for the effectiveness of IVlg in retarding the development of 
athersclerosis in the ApoE knockout model of atherogenesis (80). Of course, postulating a role 
for Fc receptors in atherosclerosis focuses the search on the appropriate ligand-perhaps anti- 
bodies to modified LDL (81) or perhaps C-reactive protein. Quantitatively, the activation re- 
sponse must be inodest compared with inflammatory vasculitis, but qualitatively many of the 
same mechanisms may apply. Thus receptors that recognize opsonins of the innate immune sys- 
tem as well as opsonins reflecting adaptive, acquired immunity may play an equally broad role in 
the spectrum of vascular disease. 
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1. INTRODUCTION 

Arterial occlusive disorders include atherosclero of native arteries, accelerated atherosclerosis 
involving vein grafts and arteries of transplanted organs, and restenosis following angiopiasty and 
stenting. Atherosclerotic vascular disease is a leading cause of death and disability throughout the 
United States and other industrialized nations and consumes enormous fiscal resources. An im- 
proved understanding of the pathophysiology of atherosclerosis and thrombosis is likely to lead 
to improved prevention, diagnosis, and treatment of this common disorder. 

Atherosclerosis involves the development of a plaque composed of variable amounts of 
lipids, lipoproteins, extracellular matrix (collagen, proteoglycans, glycosaminoglycans), calcium, 
vascular smooth muscle cells, infiammatory cells (chiefly monocyte-derived macrophages, T lym- 
phocytes, and mast cells), and new blood vessels (angiogcnesis). A body of evidence now suggests 
that atherosclerosis represents a chronic inflammatory response to vascular injury caused by a va- 
riety of agents that activate or injure endothelium and promote lipoprotein infiltration, retention, 
and modification, combined with leukocyte retention and activation (1). 

II. SHEAR STRESS AND ENDOTHELlAL INFLAMMATORY GENE ACTIVA~ION 
AT SITES OF PREDILECTION 

The sites of prediliction for atherosclerosis are characterized by low shear stress, cvidencc of en- 
dothelial activation with expression of leukocyte adhesion molecules, and increased influx and/or 
prolonged retention of lipoproteins (2 ,3)  (Table 1). Specific arterial sites, such as branches, bi- 
I'urcations, and curvatures, cause characteristic alterations in the flow of blood, including de- 
creased shear stress and increased turbulence. Changcs in flow alter the expression of genes that 
have elements in their promoter regions that respond to shear stress. For example, the genes for 
inlercellular adhesion molecule 1, platelet-derived growth factor B chain, and tissue factor in en- 
dothelial cells have these elements, and their expression is increased by reduced shear stress 
(4-1 1). Rolling and adherence of itiflaminatory cells (monocytes and T cells) occur at these sites 
as a result of the upregulation of adhesion molecules on both the endothelium and the Ieukocytcs. 
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Table 1 Key Steps in Atherogenesis Highlighting Role of Inflammation at Various Steps 

1. 

2. 
3. 

4. 

5.  

6. 

7. 

8. 
9. 

10. 

Endothelial activation with increased infiltration of atherogenic lipoproteins at sites of low or oscillat- 
ing shear stress (branch points and Row dividers) 
Subendothelial retention and modification of atherogenic lipoproteins (LDIJVLDL) 
Endothelial activation with increased mononuclear leukocyte (inflammatory cell) adhesion, chemo- 
taxis, and subendothelial recruitment 
Suhendothelial inflammatory cell activation with lipid ingestion through monocyte scavenger receptor 
expression resulting in foam cell formation 
Intimal migration and proliferation of medidadvcntitial smooth muscle cells/myofibroblasts in re- 
sponse to growth factors released by activated monocyteb with matrix production and lbrmation of fi- 
brous cap and fibrous plaque 
Abluminal plaque growth with positive (outward) arterial adventitial remodeling preserving lumen size 
in early stages; later plaque growth or negative remodeling results in luminal narrowing 
Neoangiogencsis due to angiogenic stimuli produced by inflammatory cells (macropbages) and other 
arterial wall cells (VEGF, 1L-8) 
Death of foam cells by necrosdapoptosis leading to necrotic lipid-core formation 
Plaque disruption (rupture of fibrous cap or endothelial erosion) due to inflammatory cell-mediated 
matrix degradation and death of matrix-synthesizing smooth muscle cells. 
Exposure of thrombogenic substrate (lipid-core containing tissue factor denved from inflammatory 
cells) following plaque disruption wiul arterial thrombosis 

At these sites, specific molecules form on the endothelium that are responsible for the adherence, 
migration, and accumulation of monocytes and T cells. Such adhesion molecules, which act as 
receptors for glycoconjugates and integrins present on monocytes and T cells, include several se- 
lectins, intercellular adhesion molecules, and vascular-ccll adhesion molecules (4-1 1).  Mole- 
cules associated with the migration of leukocytes across the endothelium, such as platelet-en- 
dothelial-cell adhesion molecules act in conjunction with chemoattractant molecules generated 
by the endothelium, smooth muscle, and monocytes-such as monocyte chemotactic protein- 1 
(MCP-l), osteopontin, and modified low-density lipoprotein (LDL)-to attract monocytes and T 
cells into the artery (2--11). Chemokines may be involved in the chemotaxis and accumulation of 
macrophages in fatty streaks (12). Activation of monocytes and T cells leads to upregulation of 
receptors on their surfaces, such as the mucinlike molecules that bind selectins, integrins that bind 
adhesion molecules of the immunoglobulin superfamily, and receptors that bind chemoattractant 
molecules. These ligand-receptor interactions further activate mononuclear cells, induce cell pro- 
liferation, and help define and localize the inflammatory response at the sites of lesions. 

In genetically modified mice that are deficient in apolipoprotein I3 (and have hypercholes- 
terolemia), intercellular adhesion molecule-I (ICAM-1) is constitutively increased at lesion- 
prone sites long before the lesions develop (8). In contrast, vamdar cell adhesion moleculc 1 
(VCAM-I) is absent in normal mice but is present at the same sites as ICAM-1 in mice with 
apolipoprotein E deficiency (8). Mice that are completely deficient in ICAM- 1, P-selectin, CDlX, 
or combinations of these molecules, have reduced atherosclerosis in response to lipid feeding. 
Proteolytic enzymes may cleave adhesion molecules such that in situations of chronic inflamia- 
tion it may be possible to measure the "shed" molecules in plasma as markers of a sustained in- 
flammatory response to help identify patients at risk for atherosclerosis or other infanmatory dis- 
eases (13-17). 
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111. KEY ENDOTHELIAL ACTIVATION/DYSFUNCTION 
AND ATION IN ATHEROGENESIS 

Several studies have suggested that one of the earliest steps in atherogenesis is endothelial acti- 
vation or injury/dysfunction with infiltration and retention and modification of atherogenic 
lipoproteins (predominantly the apo I3 containing lipoproteins) in the subendothelid space of the 
vessel wall (1 8-24) (Table 2). 

Various factors that may contribute to endothelial activation or the development of en- 
dothelial injury/dysfunction predisposing to atherosclerosis, including risk factors such as ele- 
vated and modified LDLNLDL cholesterol; reduced HDL cholesterol; oxidant stress caused by 
cigarette smoking, hypertension, and diabetes mellitus; genetic alterations; elevated plasma ho- 
mocysteirie concentrations; infectious microorganisms such as herpes viruses or Chlamydia 
pneumoniae; estrogen deficiency; and advancing age (2 1,22). Endothelial activation and in- 
juryldysfunction may manifest in (1) increased adhesiveness of the endothelium to inflammatory 
cells (leukocytes) or platelets, (2) incrcased vascular permeability, ( 3 )  change from an anticoag- 
ulant to a procoagulanl phenotype. (4) change from a vasodilator to a vasoconstrictor phenotype 
or, (5) change from a growth-inhibiting to a growth-promoting phenotype through elaboration of 
cytokines. Abnormal vasomotor function has been one o f  the most well-studied manifcstations of 
cndothelial dysfunction in subjects with either established atherosclerosis or in those with risk 
factors for atherosclerosis. Normal healthy endothelium produces nitric oxide from arginine 
through the action of a family of enzymes known as nitric oxidc synthases (21,22). Nitric oxidc 
acts as a local vasodilator by increasing smooth muscle cell cyclic guanosine monophosphate 
(GMP) levels while at the same time inhibiting platelet aggregation and smooth muscle cell pro- 
liferation (21,22). In the presence of risk factors, a reduced vasodilator response to endothclium- 

Table 2 Endothelial Activatioirnysfunction in Athcrosclcrosis 

Phenotypic features 
I .  Reduced vasodilator and increased vasoconstrictor capacity 

-enhanced oxidant stress with increased inactivation of nitric oxide 
---increased expression ol' endothelin 

2. Enhanced leukocyte (inflammatory cell) adhesion and recruitment 
-increased adhesion molecule expression (ICAM, VCAM) 

-increased chemotactic molecule expression (MCP-I, 114) 
3. Increased prothronibotic and reduced fibrinolylic phenotypc 
4. Incrcascd growth-promoting phcnotype 

Furtor, c ontrihuting to urzdotheliul ~rctivalio~dlysjunctio?i 
1 .  Dyslipideniia and alherogenic lipoprolein modification 

---elevated LDI,, VLDL, LP(a) 
-LDL modification (oxidation, glycation) 
-Reduccd HDL 

2. Increased angiotensin I T  and hypertension 
3.  Insulin resistance and diahctcs 
4. Estrogen dcficicncy 
5. Smoking 
6. Hyperhomocysteinemia 
7. Advancing age 
8. Infcction? 
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dependent vasodilator stimuli or even paradoxical vasoconstrictor response to such stimuli have 
been observed in large vessels as well as in the microcirculation, even in absence of structural ab- 
normalities in the vessel wall (21,22). These abnormal vasomotor responses have been attributed 
to reduced bioavailability of endothelium-derived relaxing factor(s), specifically nitric oxide, due 
to rapid inactivation of nitric oxide by oxidant stress or excess generation of asymmetric di- 
methylarginine and/or incrcased production of vasoconstrictors such as endothelin (2 1,22). 

One of the major contributors to endothelial injury is LDL cholesterol modified by pro- 
cesses such as oxidation, glycation (in diabetes), aggregation, association with proteoglycans, or 
incorporation into immune complexes (21-23,26,27). Oxidized LDL has been shown to be pres- 
ent in the atheroscleroitic lesions of both experimental animals as well as in hunians (28). Suben- 
dotheliai retention of LDL particles results in progressive oxidation and its subsequent internal- 
ization by macrophages through the scavenger receptors (26). The internahation leads to the 
formation of lipid peroxides and facilitates the accumulation of cholesterol esters, even finally re- 
sulting in the formation of foam cells. Once modified and taken up by macrophages, LDL acti- 
vates the foam cells. In addition to its ability to injure these cells, modified LDL is chemotactic 
for other monocytes and can upregulate the expression of genes for macrophage colony-stimu- 
lating factor (M-CSP) and monocyte chemotactic protein derived from endothelial cells (29-32). 
Thus, it may help expand the infl"nmatory response by stimulating the replication of monocyte- 
derived macrophages and the entry of new monocytes into lesions. Continued inflammatory re- 
sponse stimulates migration and proliferation of smooth muscle cells that accumulate within the 
areas of inflammation to form an intermediate fibroproliferative lesion resulting in thickening of 
the artery wall. 

Thc inflammatory and i m u n e  response in atherosclerosis consists of accumulation of 
monocyte-derived macrophages and specific subtypes of T lymphocytes at every stage of the dis- 
ease (33-39). The fatty streak, the earliest type of lesion, common in infants and young children, 
consists of monocyte-derived macrophagcs, macrophage-derived foam cells and T lymphocytes. 
The critical role of the macrophage in atherogenesis is supported by the virtual absence (or dras- 
tic reduction) of atherosclerosis when M-CSF null genotype is introduced in murine models of 
severe dyslipidenisd induced by diet or genetic manipulation (4041 1. 

Continued inflammation results in increased numbers of macrophages and lymphocytes, 
which both emigrate from the blood and multiply within the lesion. Activation of these cells leads 
to the release of proteolytic enzymes, cytokines, chemokines, and growth factors, which can in- 
duce further damage and eventually lead to focal necrosis. Necrosis and/or apoptosis of foam 
cells results in the formation of the necrotic lipid core in the plaque. Thus, cycles of accumula- 
tion of mononuclear cells, migration and proliferation of smooth muscle cells, and formation of 
fibrous tissue lead to further enlargement and restructuring of the lesion, so that it becomes cov- 
ered by a fibrous cap that overlies a core of lipid and necrotic tissue resulting in the formation of 
an advanced and complicated atherosclcrotic plaque. 

The inflammatory response itself can influence lipoprotein transfer within the vessel wall. 
Proinflammatory cytohnes, such as tumor necrosis factor-a (TNF-a), interleukin-l (IL-11, and 
M-CSF increase binding of LUL to endothelium and smooth muscle and increase the transcrip- 
tion of the LDL-receptor gene (1). After binding to scavenger receptors in vitro, modified LDL 
initiates a series of intracellular events that include the induction of proteascs and inflammatory 
cytokines (1). Thus, a vicious circle of inflcmmation, modification of lipoproteins, and further in- 
flammation can be maintained in the artery by the presence of these modified lipoprotcins. 

Monocytc-derived macrophages are present in various stages of atherogenesis and act as 
scavenging and antigen-presenting cells. They produce cytokines, chcmokines, growth-regulat- 
ing molecules, tissue factor, metalloproteinases, and other hydrolytic enzymes. The continuing 
entry, survival, and replication of monocytes/macrophages in lesions depend in part on growth 
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factors, such as M-CSF and granulocyte-macrophage colony-stimulating factor (GM-CSP), 
whereas IL-2 is involved in a similar manner for T lymphocytes. 

Activated macrophages as well as lesional smooth muscle cells express class I1 histocom- 
patibility antigens such as HLA-DR that allow them to present antigens to T lymphocytes ( 1 3 -  
39). Atherosclerotic lesions contain both CD4 and CD8 T cells implicating the iinmune system 
in atherogenesis (33-39). T cell activation, following antigen processing, results in production of 
various cytokines, such as interferon-y (IFN-y) and TNF-a and p, which can further enhance the 
inflammatory response (1). Antigens presented include oxidized LDL and heat shock protein 60 
which may participate in the immune response in atherosclerosis (2,33-39). 

Macrophages, T cells, endothelial and smooth muscle cells in the atherosclerotic lesions 
express CD40 ligand and its receptor, which may play a role in atherogenesis by regulating the 
function of inflammatory cells (42-45 j. The antiatherogenic effect of CD40 blocking antibodies 
in the murine model of atherosclerosis suggests that CD4O-mediated signaling may play an im- 
portant role in atherogenesis (46). 

Platelct adhesion and m u d  thrombosis are ubiquitous in the initiation and generation of 
the lcsions of atherosclerosis in animals ‘and humans (1 j. Platelets can adhere to dysfunctional en- 
dothelium, exposed collagen, and macrophages. When activated, platelets release their granules, 
which contain cytokines and growth factors that, together with thrombin, may contribute to the 
migration and proliferation of smooth rnuscle cells and monocytes. Activation of platelets leads 
to the formation of free arachidonic acid, which can be transformed into prostaglandins such as 
thromboxane A2, one of the most potent vasoconstricting and platelet-aggregating substances 
known, or into leukotrienes, which can amplify the inflammatory response. 

Angiotensin 11, a potent vasoconstrictor, may also contribute to atherogenesis by stimulat- 
ing the growth of smooth muscle, increasing oxidant stress, inducing LDL oxidation, and pro- 
moting an inflammatory response (1,4650). 

Elevated plasma homocysteine concentrations, resulting from enzymatic defects or vitamin 
deficiency, may facilitate atherothrombosis by inducing endothelial dysfunction with a reduction 
in vasodilator capacity and enhanced prothrombotic phenotype and smooth musclc cell replica- 
tion (5  1-55 ). Hypcrhomocysteineinia is associated with an increased risk of atherosclerosis of the 
coronary, peripheral, and cerebral arteries (5 1-55). Trials are underway to determine whether re- 
duction of plasma homocysteine levels by vitamins such as folic acid, B,, and B,,, can reduce 
atherothrombotic events in humans (55). 

IV. POTENTIAL ROLE OF INFECTION IN ATHEROTHROMBOSIS 

It is likely that a number of stimuli are responsible for provoking and sustaining a chronic in- 
flainniatory response in the vessel wall in atherosclerosis. Among the key potential culprits are 
the modified lipoproteins and infectious agents. Oxidatively modified lipoproteins can induce a 
variety of proinflammatory genes in the vessel wall that are responsible for recruiting and acti- 
vating inflammatory cells such as ICAM- and VCAM-type adhesion molecules, chemotactic cy- 
tokines such as MCP- 1 ,  K-8, and colony-stiinulating factors such as M-CSF. In addition to mod- 
ified lipoproteins, there is now a body of evidence suggesting that arterial wall infections with 
organisms such as Chlatnydia pneumoniue, CMV/herpes virus, as well as remote infections such 
as chronic bronchitis, gingivitis, and Helicobucter pylori infection may affect inflammation, 
thereby contributing to atherogenesis and/or plaque disruption and thrombosis in the presence of 
preexisting atherosclerosis (56-68) (Table 3). Increased titers of antibodies to lhesc organisms 
have been used as a predictor of further adverse events in patients who have had a myocardial in- 
farction. Organisms, particularly Chlamydia pneumoniae, have been identified in atheromatous 
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Table 3 Potential Role of Infection in Atherosclerosis and Thrombosis 

Infectious organisms inzplirated 
1 .  Viruses 

-herpes virub 
--CMV 

--Chlamydiu pnrumoniae 
-FIPlicobactrr pylori 
-Porphyromonas gingivalis ? 

2. Bacteria 

Mechanisms(s) by which infections ma.y contribute to atherothrombo.tis 
1 .  Direct infection of the vascular wall with endothelial injury, inflammalory cell recruitmcnt. and activa- 

tion (Chlamydia pneumoniae, herpes virus, CMV) 
2. Immune-mediated vascular injury through molecular mimicry (Chlumydiu pneumoniar) 
3. Remote infections with systemic achvation of Ihe inflammatory response (Helicobacter pylori, Porphy- 

romonas gingivalis) 

lesions in coronary arteries and in other organs obtained at autopsy. The case for Chlnwiydinpneu- 
manine is of particular interest since both in the hypercholesterolemic rabbit as well as in genet- 
ically hyperlipidemic mice, acceleration o f  atherosclerosis with C. pneurnoniue infection has 
been demonstrated (64,65). In addition, pilot clinical trials of antichlamydial macrolide antibi- 
otics have raised the possibility that such therapy may reducc the risk of recurrent coronary events 
(66,67). In vitro studies have suggested that C. pneumoniae can trigger proatherogenic events, 
such as foam cell formation, procoagulant activity, and inetalloproteinase activity in monocytes, 
probably medialcd by its heat shock protein 60 (HSPhO) (56). Molecular antigenic mimicry be- 
tween certain chlamydia antigens and myosin have also raised the additional possibility that such 
antigenic mimicry could be involved in an immune-mediated vascular and myocardial injury 
(68). Large-scale clinical trials are currently underway to more clearly define the role of chlamy- 
dia infection in atherothrombosis. Although there is no direct evidence that these organisms can 
cause the lesions of atherosclerosis, it is nevertheless possible that infection, combined with other 
risk factors, may contribute to atherogenesis or destabilization of preexisting atherosclerotic le- 
sions in some patients. 

V. ANGIOGENESIS IN ATHEROSCLEROSIS 

Angiogenesis or neovascularization is an essential process that supports chronic inflammation 
and fibroproljferation, processes that are involved in atherogenesis. Several studies have dcmon- 
strated increased ncoangiogenesis in atherosclerotic lesions and hypcrcholesterolemia has been 
shown to increase adventitial neovascularity in porcine arteries before the development of an ath- 
erosclerotic lesion (69-72). Proinflammatory chemokines such as L-8 and other angiogcnic 
growth factors such as vascular endothelial growth factor (VEGF) have been demonstrated in ath- 
erosclerotic lesions where they could contribute to angiogenesis (73). Recent preliminary data 
demonstrating an inhibitory effect of angiostatin in murine model of atherosclerosis suggests the 
potential proatherogenic role for angiogenesis (74). 
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VI. ROLE OF INFLAMMATION IN PLAQUE RUPTURE, 
PLAQUE EROSION, AND THROMBOSIS 

Thrombosis complicating atherosclerosis is the mechanism by which atherosclerosis leads to 
acute ischemic syndromes of unstable angina, non-Q- and Q-wave myocardial infarction and 
inany cases of sudden cardiac death (75-78). In most cases, coronary thrombosis occurs as a re- 
sult of uneven thinning and rupture of the fibrous cap, often at the shoulders of a lipid-rich lesion 
where macrophages and T cells enter, accumulate, and are activated, and where apoptosis may 
occur (75-78) (Fig. 1). Thinning of the fibrous cap rnay result from elaboration of matrix-de- 
grading metalloproteinases (MMPs) such as collagenases (MMP-1, MMP-13), gelatinases 
(MMP-2, MMP-O), elastases (MMP-12), and stronielysins (MMP-3), and/or other proteases such 
as cathepsins, by inflammatory cells, chiefly macrophages (75-80). These proteases may be in- 
duced or activated by oxidized LDL, cell-to-cell interaction between macrophages and activated 
T cells, CD40 ligation, mast cell-derived proteases, oxidant radicals, matrix proteins such as 
Tenascin-C, and infcctious agents (75-81). Thinning may also result from increased smooth mus- 
cle cell death by apoptosidnecrosis and consequent reduced matrix production (82,83). 

Inflammatory cells, specifically the macrophages, are also the main source of tissue factor 
in the atherosclerotic plaque (84-86). Tissue factor, when exposed to circulating blood, interacts 
with activated factor VLI to generate activated factor X; activated factor X in turn cleaves throm- 
bin from prothrombin. Thrombin is involved in recruiting and activating platelets as well as the 
clotting cascade, thereby initiating thrombus formation. Tissue factor expression is increased in 
atherosclerotic plaques, particularly in unstable coronary syndromcs (85,86). The lipid core of the 
atheroinatous lesion is heavily impregnated with tissue factor derived from dead (possibly apop- 
totic) macrophages and foam cells, accounting for its high thrombogenicity (87). Macrophage tis- 
sue factor expression may be induced by a variety of signals in the atherosclerotic plaque, in- 
cluding various cytokines, infectious agents, and oxidiLed lipoproteins. Thrombosis rnay also 
occur on a proteoglycan-rich matrix without a large lipid core, and in such cases, evidence of su- 
perficial endothelial erosion is found (88). This plaque erosion may account for thrombosis in a 
relatively higher proportion of young victims of sudden death, particularly in women and smok- 
ers (88). The precise molecular basis for these plaque erosions is not clear although endothelial 
desquamation through activation of basement mcmbrane-degrading MMP may be involved (80). 

Plaques with a large lipid core, active inflammatory infiltration, and a thinned fibrous cap 
are therefore considered vulnerable or unstable plaques. Their identification may be particularly 
difficult because they may not produce symptoms because of lack of flow-limiting stenoses and 
may thus escape detection by stress testing and even angiography. Inflamniation in atherosclero- 
sis may be accompanied by elevation of circulating proinRammatory markers such as C-reactive 
protein (CRP), interleukin-6, serum amyloid A, and a variety of soluble leukocyte adhesion mol- 
ecules (89-93). Elevated CRP levels have been shown to predict an increased risk of adverse car- 
diac events in patients with symptomatic vascular disease as well as in asymptomatic subjects at 
risk for vascular disease (89). 

VII. CONCLUSIONS 

Atherosclerosis is a complex disease process that involves lipoprotein influx, lipoprotein modifi- 
cation, increased pro-oxidant stress, and inflammatory, angiogenic, and fibroproliferative re- 
sponses intermingled with extracellular matrix and lipid accumulation, resulting in the formation 
of an atherosclerotic plaque. Endothelial activatioddysfunction is common in atherosclerosis and 
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Figure 1 
with consequent thrombosis. 

Schcniatic describing the pathways and steps involved in disruption of atherosclerotic plaques 

often manifests as a reduced vasodilator or enhanced vasoconstrictor phenotype that contributes 
to luminal compromise. Thrombosis resulting from plaque rupture or superficial erosioii compli- 
catcs athcrosclerosis, often resulting in abrupt luininal occlusion with resultant acute ischemic 
syndromes. Infectious agents may contribute to the inflammatory response and thus to dcstabi- 
lization of lesions. An improved understanding of the pathophysiology of atherosclerosis is pm- 
viding novel directions for its prevention and treatment. In particular, the recognition of the iin- 
portant role of inflammation could lead to novel therapeutic interventions directed at selective 
inhibition of inflanmatory cascade in the vessel wall. Targeting inflammatory triggers such as 
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lipoproteins, angiotensin 11, possible infectious agents, and others is likely to lead to improved 
outcomes in patients with atherosclerosis. 
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I. I 

The possibility of an association between athcrosclerosis and infectious diseases was proposed as 
early as the beginning of this century (1,2). During the last two decades, there has been a renewed 
interest in this hypothesis, especially since 1978, when Fabricant ct al. found that chickens in- 
fected with a Iierpcs-type virus devclopcd vascular lesions resembling human atherosclerosis (3). 
Another burst of research interest followed after the study by Saikku et al. (4) associating Chla- 
mnydia pneumoniae with atherosclerosis. 

II. I ~ F ~ C T ~  RISK FACTOR FOR ATHEROSCLEROSIS 

The association between atherosclerosis and infections is based mainly 011 seroepidemiological 
data, which arc to some extent supported by animal studies. In addition, some studies havc 
demonstrated the presence of infectious agents in atherosclerotic lesions, and pathogens have oc- 
casionally been isolated from the diseased vessel wall. A number of infectious agents and condi- 
tions have been associated with atherosclerosis, and there are many potential mechanisms that 
could be initiated by infections and eventually lead to athcrothrombogenesis. However, prospec- 
tive studies and interventions have not been able to give final proof on this matter. On the con- 
trary, some recent studies tend to reject this hypothesis, 

In this chapter, wc review the current evidence for the role of infections in the development 
of atherosclerosis and its complications. The postulates originally set out by Robert Koch in 1890 
are used as a basis of approving or rejecting the hypothesis that proposes that infectious agents 
are a causative [actor in alherosclerotic diseases (Table 1). Morcover, it is reasonable to expect 
that eradication of the pathogen will reduce the probability of an individual acquiring the disease 
or its complications. 

141 



142 Savolainen et al. 

, ------- LDL particles 
monocytes 
endothelium 
C. pncumoniae 

------- LDL particles 

monocytes 

t 
endothelial lesion 

__c-Icc-c 
macrophages 
(turning to 
foam ccllr) 

LDL particle 
entering an athero- 
sclerotic plaque 

macrophages 
(foam cells) 
cholesterol 
crystals 

Hypothesis 1 Hypothesii 

Figure 1 
pothesis 2: Infection as an additional factor or as an innocent bystander. 
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Table 1 Infectious Agents Implicated in the Development of Atherosclerosis 

Viruses 
Herpes (HSV-I, HSV-2) 
Cytomegalovirus 

Chlumydiu plaeurnnniae 
Helirohacter pylori 

Other microbes 

Table 2 Koch’s Postulates in Relation to the Pathogenesis of Atherosclerosis 

Postulates applied to atherosclerosis as an infectious 
disease caused by C. pneumoniae 

1. Antigen or DNA found in atherosclerotic lesions 

2. Chlamydia grown from lesions (44-46) 

3. Experimental studies in rabbits have given posi- 

Original postulates 

1. The pathogen must be present in every case of 
the disease. (36-40) 

2. The pathogen must be isolated from the host and 
grown in vitro. 

3. The specific disease must be reproduced when a 
pure culture of the pathogen is inoculated into a 
healthy susceptible host. 

4. The same pathogen milst bc recovered again 
from the experimentally infected host. 

tive results (47-50) 

4. Notproven. 

A. Seroepidemiological Evidence (Cross-Sectional Studies) 

1. Herpes Viruses 
Results froin cxperiincntal studies (3) raised considerable interest in attempting to link viral in- 
fections to atherosclerosis. Out of the seven herpes viruses known to infect humans, herpes sim- 
plex virus type 1 (HSV-I) and type 2 (HSV-2), in addition to cytomegalovirus, have been inipli- 
cated in the genesis, progression, and complications of atherosclerosis. Serological evidence of 
HSV-1 and HSV-2 is so far lacking. By contrast, research has been focused on the human cy- 
tomegalovirus, a third member of the herpes virus family. 

2. Cytomegalovirus 
High antibody titers against cytomegalovirus (CMV) (one of the herpes viruses) are found more 
frequently in patients undergoing surgery for atherosclerosis than in matched controls (5) .  This 
finding has also been made in diabetics (6). A significant correlation between CMV antibodies 
and carotid-intimal-medial thickness has been found in a case-control study (7) and in a prospec- 
tive study (8). Seroepidemiological data also link CMV infection to atherosclerosis in trans- 
planted hearts (9). Recently, however, two studies failed to demonstrate any association between 
CMV serology and atherosclerosis (10,ll). 

3. C. pneumoniae 
Seroconversion against an epilope of chlamydia1 lipopolysaecharide (LPS) has been observed 
during acute myocardial inEarction (4). Further studies with microimmunofl uoresccnce demon- 
strated the presence of constantly elevated IgG and IgA titers against C. pneurnoniue in two-thirds 
of men with acute myocardial inlarction and in half of men with chronic coronary heart disease. 



144 Savolainen et al. 

By contrast, only one out of six was seropositive among the controls. In hindsight, it is interest- 
ing to note that a similar observation was already made in the 1940s but remained unrecognized 
for decades (12). 

The possibility that coronary heart disease makes a patient more vulnerable to C. pneumo- 
niae infection or that acute myocardial infection reactivates infection was excluded by the results 
of the Helsinki Heart Study, where elevated IgG or IgA antibody titers andor the presence of im- 
munocomplexes, 3 to 6 months earlier, were associated with acute myocardial in€ection or sud- 
den cardiac death ( 13). 

Elevated C. pneumoniae antibody titers were associated with angiographically demon- 
strated coronary heart disease, while in another study by the same group the association was lim- 
ited solely to smokers (14). A comparison between 67 healthy inen and 103 consecutive age- 
matched males with angiogrdphically verified coronary heart disease showed that 22% of the 
coronary heart disease cases but only 5% of the controls had high antibody titers against C. pneu- 
moniae. Other studies have also reported that high antibody titers are an independent risk factor 
for coronary heart disease (15,16). 

Patients with coronary heart disease have immune complexes containing chlamydia1 LPS 
or C. pneumoniae-specific proteins more often than control subjects ( I  7,lX). 

4. Other Infections 
The magnitude of coronary artery intimal thickening is associated with acute systemic infections 
in children (19). Helicobacterpylori antibodies have also been described as a risk factor for coro- 
nary heart disease and myocardial infarction (20). The more virulent (CagA-positive) of the two 
inflammatory H. pylori strains seems to correlate with an increased risk of coronary heart disease 
(2 I ) .  In a case-control study (22), dental infections have been associated with increased preva- 
lence of coronary heart disease and myocardial infarction. In a prospective study, dental infec- 
tions were associated with a higher incidence of recurrent coronary events (23). 

B. Seroepidemiological Evidence (Prospective Studies) 

1. Cytomegalovirus 
Major interest in restenosis (a major problem after coronary angioplasty) and CMV has emerged 
in recent years. Rcstcnosis occurred in 43% of CMV-antibody-positive but only in 8% of CMV- 
negaiive patients (24). More evidence for the possible role of CMV has been gathered by studies 
showing that the risk of restenosis correlates with high anti-CMV titers (25) and with IgC anti- 
bodies rather than IgM (24). Moreover, stable IgG levels during follow-up point to a prior infec- 
tion rather than an acute one as the risk factor for restenosis. 

In contrast to restenosis, no relationship between CMV seropositivity and development of 
myocardial infarction could be found in a 10-year follow-up of the Caerphilly prospective heart 
disease study (26,27). 

2. C. pneumoniae 
Although retrospective and cross-sectional studies in most cases have shown a positive associa- 
tion between C. pneumoniae and the presence ol’ coronary heart disease, prospective data are 
sparse. Recently, two large studies revealed no evidence of association between C. pneurnoniae 
IgG seropositivity and the risk or future myocardial infarction (28,29). By contrast, IgA antibod- 
ies, a marker for active or chronic infection with C. pneumoniae, were significantly associated 
with prevalent coronary disease, fatal myocardial infarction, and all-cause mortality (28). 
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3. Other Infections 
In a prospective study, dental infection increased the incidence of recurrent coroiiary events (23). 
In another prospective study, seropositivity for H.  pylori was not associated with increased mean 
intima-media thickness of the carotid artery, a measure of subclinical atherosclerosis (30). 

C. Demonstration of Pathogens in Atherosclerotic Lesions 

1. Viruses 
Cytomegalovirus or herpes viivs DNA or antigen has been demonstrated in atherosclerotic le- 
sions (3 1-33). Viral DNA or antigen has been found in atherosclerotic lesions in patients under- 
going cardiovascular surgery, in the coronary arteries of young trauma victims, in the carotid ar- 
teries of patients scheduled for vascular surgery and in transplant-associated atherosclerosis (3 1). 
However, a review of published studies revealed only a small difference in the proportion of 
atheromatous and nonatheromatous blood vessels positive for CMV (34). The presence of virus 
did not correlate with serum antibody titers (35). 

2. C. pneurnoniue 
The presence of C. pneumoniae in atherosclerotic lesions has been demonstrated with many dif- 
ferent techniques, including electron microscopy (EM), immunohistochemistry and DNA ampli- 
fication. Using EM of coronary atheromas, structures similar to pear-shaped electron-dense bod- 
ies (EBs) with the descriptive characteristics of C. pneurnoniue were found in the lipid-rich core 
material of tibrolipid plaques and intimal smooth muscle cells (36). Tissuc sections from 5 out of 
7 patients stained positively with chlamydia1 genus-specific and C. pneumoniue species-specific 
antibodies. 

in another study, including autopsy cases, C. pneurnoniae was detected by immunohislo- 
chemistry (IHC) or the polymerase chain reaction (PCR) in atherosclerotic lesions at different 
stages from 20 out of 36 cadavers studied, and EM revealed organisms resembling C. pneumo- 
niue EBs in 6 of the 21 plaques studied. C. pneurnoniae was found only in the diseased vessel wall 
(intimal smooth muscle cells, foam cells, and central necrotic area of the plaque) (37). The pres- 
ence of C. pneurnoniae was also shown by IHC and PCR in early atheromatous lesions (6 out of 
7 atheromas and 2 out of 1 I intimal thickenings) of young people (ages 15 to 34) who died of sud- 
den trauma, but not in histologically normal arterial tissues from the same cadavers (38). C. 
pneurnoniue has also been found by PCR and IHC in carotid arteries removed from patients suf- 
fering from advanced, symptomatic arteriosclerosis (39). Whether C. pneurnoniue can be de- 
tected in coronary atherectomy tissue is still not clear. An early study (40) showed a high preva- 
lence of chlamydia only in coronary arteries diseased by atherosclerosis whereas a recent study 
(41) demonstrated a low prevalence. Additional evidence against C. pneurnoniue as a causative 
factor in atherosclerosis has been reported in a recent study (42) showing no correlation between 
the distribution of C. pneurnoniae and the severity or extent of atherosclerosis. 

If chlamydia were only an “innocent bystander,” it should also be found in arleries diseased 
by processes other than atherosclerosis. With direct immunofluorescence, chlamydia1 antigen was 
present in 71 out of 90 coronary artery specimens from symptoniatic patients undergoing coro- 
nary alherectomy, but only in 1 out of 24 nonatherosclerotic coronary specimens (39). 

3. Helicobacter pylori 
In a recent report (43), H .  pylari was not detected by PCR in atherosclerotic plaques from carotid 
endartereetoiny samples. 
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D. isolation and Culture of Pathogens from Atherosclerotic Lesions 

1. Viruses 
Thus far, it has not been possible to culture viruses from human athcrosclerotic lesions. 

2. C. pneurnoniue 
C. pneumoniae has recently been isolated both from the coronary artery of a patient with ad- 
vanced arteriosclerosis and from cases of carotid atherosclerosis (44,45). Viable C. pneumoniae 
was found in 1 I (16%) out of 70 atherosclerotic specimens taken by endarterectomy from coro- 
nary arteries (46). 

E. inoculation of Pathogens into Experimental Animals 

1. Viruses 
In 1978, Fabricant et al. ( 3 )  established an animal model for atherosclerosis by infecting nonno- 
cholesterolemic pathogen-free chickens with a herpes virus that caused malignant lymphomas of 
T-cell origin in chickens (Marek's disease virus). Atherosclerotic lesions developcd in the aorta 
and its major branches as well as in the coronary arterics. Such lesions could be prevented by vac- 
cination. 

2. C. pneumoniae 
Both mouse and rabbit models have been used for studying C. pneumoniae infection and athero- 
sclerosis (47,48). After intranasal infection of mice with C. pneumoniae, the organism was much 
more frequently detected in the atheromdtous aorlas of atherosclerosis-suspectible apolipoprotein 
E-deficient mice than in the aortas of the wild-type strain (48). Intranasal infection of New 
Zealand White rabbits with C. pneumoniae maintained on normal diet and reinfected 3 weeks 
later produced aortic inflammatory changes, intimal thickening, or fibroid plaques resembling 
atherosclerosis in 6 of 9 animals. Three of the rabbits with atherosclerotic lesions were C. pneu- 
moniae-positive by immunohistochemistry. Atherosclerotic lesions were not detected in controls 
(49). Repeated intranasal inoculation of rabbits with C. pneumoniae, fed a modestly cholestcrol- 
enriched diet, significantly increased the maximal intimal thickness compared with uninfected 
controls and infected rabbits that received the antichlainydial agent azithromycin (50). 

111. POTENTIAL PATHOPHYSIOLOGICAL MECHANISMS 

Some of the most important pathological events in the development OC athcrosclcrotic plaque in- 
clude: endnthelial damage, inflammatory cell infiltration with accumulation of lipids and extra- 
cellular matrix, platelet aggregation, and smooth muscle cell proliferation. Infection may be 
linked to these events in several ways (1). We will consider mechanisms by which C. pneumoniae 
may influence atherosclerosis. 

A. Lipopolysaccharide 

Circulating or local deposition of bacterial LPS can damage the endothclium, possibly by stimu- 
lating the production of inflammatory cytokines and growth factors (51 ). The activation of 
macrophages by LPS or LPS-induced cytokines leads to increased formation of immunogenic 
and atherogenic oxidized low-density lipoproteins (LDL) (52). There are also remarkable 
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changes in the hemostatic system related to infections. Bacterial LPS may induce the release of 
tissue factor (the initiator of the extrinsic coagulation pathway) and activate Hagenran factor (a 
participant in the intrinsic pathway). It induces monocytes to aggregate platelets, to produce fac- 
tor VLI activity, and to generate plasminogen activator inhibitors. Infections are also known to in- 
crease blood viscosity by increasing thc conccntrations of plasma fibrinogen, factor VIII, p- 
thromboglobnlin, and thromboxane, whereas levels of antithrombin 111 are reduced ( I  ,5334). 
Recently it has been demonstrated that C. pneumoniae infection activates NF-KB and induces tis- 
sue factor and plasminogcn activator inhibitor-1 expression in vascular smooth muscle cells and 
endothelial cclls (55). 

Heat shock proteins (HSPs) are highly conserved proteins with notable homology among differ- 
ent species ranging from bacteria to humans. Autoantibodies to mycobacterial HSP65 have been 
demonstrated in atherosclerotic patients (56). Because atherosclerotic lesions show many fea- 
tures of autoimmune reactions and express human HSPs, it has been postulated that a cross-reac- 
tion between bacterial and host HSPs may contribute to immune activation. C. pneumoniae and 
periodontal pathogens have marked homology to human and mycobacterial HSPs. Immunologi - 
cal cross-reactions may hence occur (56-58). Chlamydia1 HSP60 frequently colocalizes with 
human HSPs in plaque macrophages of human atherosclerotic lesions. Both human and chlamy- 
dial HSPs induce tumor-necrosis factor-a (TNF-a) and matrix metalloproteinase production by 
macrophagcs (60). Anti-HSP65 titers correlate with both the severity and the extent of coronary 
atherosclerosis (60) and are associated with carotid atherosclerosis (61). Succc 
of H. pylori leads to a significant fall in the titers of anti-HSP65 (60). 

C. ~ersistent Infection 

Both C. pneumoniae and CMV can infect human macrophages, endothelial cells, and smooth 
muscle cells (62-64). Chlamydia can cause persistent infections, thereby providing an opportu- 
nity for a chronic low-grade inflammation. In the setting of pcrsistent chlamydial infections, the 
host response seems to be a major contributor to the development of the disease (58,65,66). Per- 
sistent infection and chronic stimulation of the host with chlamydial antigens is associated with 
poor clinical outcomes. Primary C. trachnnzcrtis ocular infection in humans and monkeys resolves 
with little or no residual tissue damage. However, recurrent infections produce an intense in- 
flammatory rcaction and cause scarring trachoma (67). On the other hand, trauma or changes in 
immunological circumstances may reactivate quiescent chlamydial infection (58,65,67). By anal- 
ogy with trachoma, it is tempting to speculate that in some immunologically vulnerable subjects 
C. pneurnoniae may persist in the arterial wall after the primary infection. The trauma activating 
the infection could be caused by mechanical stress. Multiple C. pneurnoniae reinfections during 
one’s lifctime might activate an immunological response to C. pneumoniae antigens in the arte- 
rial wall. The LPS of C. pneumoniae may cause endothelial damage in spite of the fact that its en- 
dotoxin activity is much lower than that of gram-negativc enterobacteria (68,69). The persistence 
of C. pneurnorziae or its antigens in the arterial wall may lead to release of inflammatory cytokines 
or adhesion molecules and ultimatcly to an inflammatory reaction (65). 

This hypothesis is supported by recent studies focusing on degenerative aortic valves (70). 
C. pneurnotziue species-specific antigen was present in 53% of the aortic valves in a cross-sec- 
tional autopsy study, Positive staining with the C. pneumoniae species-specific antibody was 
found in 44%) of normal valve specimens and in 83% of the valves with signs of “early lesions” 
of aortic valve stenosis. In younger subjects, 60% of the valves were positive for the species-spe- 
citic antibody, although their valves wcre macroscopically normal. Among subjects over age 60, 
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the prevalence of “early lesions” was significantly greater if the person was positive for C. pneu- 
moniae (87% vs. 14%). The finding that C. pneumoniae persists in aortic valves and i s  more com- 
mon after the macroscopically normal valve evolves to having an “early lesion” provides addi- 
tional evidence for the participation of C. pneumoiziae in the pathogenesis of vascular diseases. 

D. Conventional 

Infections may also modify conventional risk factors. The release of cytokines may induce the 
synthesis of acute phase proteins, such as fibrinogen or lipoprotein(a), in liver and influence lipid 
metabolism (15,65). In unstable angina, high fibrinogen levels seems to be associated with per- 
sistent C. pneumoniae infection (72). During infeclion, lipid metabolism and glucose tolerancc 
may become impaired. Subjects with chronic C. pneumoniae infection, defined by persistent IgG 
and IgA antibodies, have higher cholesterol and triglyceride and lower HDL cholesterol concen- 
trations than subjects without detectable antibodies (73). 

IV. PREVENTION OF ATHEROSCLEROSIS BY ANTIMICROBIAL TREATMENT 

If infection plays a role in the pathogenesis of atherosclerosis, vaccination or intervention with 
antibiotics should prevent vascular lesions. This issue has obvious clinical implications and is the 
focus of several recent studies. 

A. Vaccination Against Viruses 

In a prototype prevention study, Fabricant et al. ( 3 )  reported in 1983 that atherosclerotic lesions 
induced by herpes virus could be prevented by preimmunizing chickens with a iurkey herpes 
v i m  vaccine. 

. Intervention Studies Targeting C. pneumoniae 

In the first human intervention study of treatment for Chlamydia (74), 213 survivors of myocar- 
dial infarctions were followed up for 18 months. Significant cardiac ischemic events occurred 
among 7% of patients who had undetectable IgG against C. pneumoniae, 15% who had moder- 
ate IgG titers, and 28% who had high IgG (>64) titers. By contrast, primary cardiac end points 
only occurred in 8% of patients with high TgG titers who were treated with azithromycin (74). 

In another randomized study, doxycyclin or placebo was given for 4 months to 34 patients 
with chronic coronary artery disease and mild hypertension or moderate hypercholesterolemia 
and previous bypass operation. After a follow-up of 6 months, the treatment groups were similar 
with regard to C. pneurnoniae antibodies or coronary heart disease risk factors (75). 

A more recent addition to the list of intervention studies is the ACADEMIC study (76), 
which showed no benefit of azithromycin treatment in 150 coronary heart disease patients posi- 
tive for C. pneumoniae antibodies as compared with placebo with regard to clinical events or an- 
tibody titers. However, the global score of inflammation markers was improved by the antibiotic 
therapy. 

The authors of the ROXIS study first reported positive results based on preliminary analy- 
sis of 202 patients with unstable angina or non-Q wave infarction randomized to receive rox- 
ithromycin 150 mg orally twice a day or placebo for 30 days. After a follow-up of 6 months, the 
primary composite triple end point (cardiac ischemic death, acute myocardial infarction, severe 
recurrent ischemia) rate was significantly reduced in the roxithromycin group (77). In the final re- 
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port, however, no beneficial effect was observed (78). It is noteworthy that the preliminary posi- 
tive results were reported in one of the leading medical journals with a high impact factor, 
whereas the final report with negative resulks was published in a journal read by a much smaller 
group of specialists. The publication bias has recently been emphasized (79). 

V. HOW STRONG IS THE EVIDENCE SO FAR? 

There are limitations in the studies concerning the associations between atheroclerosis and in- 
fections. First, many seroepidemiological studies have had methodological limitations with the 
size of the study populations or with the influence of confounding factors. Second, the presence 
of an antigen, DNA, RNA, or even a viable pathogen does not prove a causal relationship since 
the pathogen can also be an innocent bystander harbored in damaged tissue. 

As pointed out recently (80) with regard to C. pneumoniae, if the pathogen plays a role in 
the etiology of atherosclerosis and its complications, the role could be related to the initiation of 
the diseasc, the progression of the disease, or the complicating events. The evidence gathered so 
far suggests that infectious agents, such as C. pneumoniae, may be involved in the genesis of ath- 
erosclerotic lesions at least in some patients. The results from prospective studies are still contra- 
dictory and large interventional studics are definitely needed in order to demonstrate the antiath- 
erosclerotic effect of rnacrolide antibiotics in subjects with C. pneumoniae infection. 

Table 3 Studies of Infectious Agents in the Development of Atherosclerosis 

Evidence (reference numbers) 

FOR 

Epidemiological association (cross-sectional studies) 
Herpes viruses (HSV-1, HSV-2) __ 
Cy tomegalovirus 
Chlamydiu pneumcmiae 
Helicobacter pylori 
Other infections (dental infections) 

5-9 
4,13-18 

20,21 
22 

Epidemiological association (prospective studies) 
Cytomegalovirus 24,25 
Chlamydia pneumoniae 28 
Helirohacter pylori - 

Other infections (dcntal infections) 23 
Evidence of antigen or DNA oP pathogen in lesions 

Herpeskytomegalovirus 31,32 
Chlamydia pneumoniae 
Helicobacter pylori 

3640 
- 

Growth of pathogen froin atherosclerotic lesions 

Inoculation of pathogens into experimental animals 
Chlamydiu pneumoniae 44-46 

Herpes 3 

AGAINST 

__ 

10-1 1 

26,27 
28,29 

30 
__ 

34,35 
41,42 

43 

Chlamydia pneumoniae 47-50 __ 
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Table 4 Randomized Prospective Prevention Trials 

Reference Drug ‘Treatment t;ollow-up Patients End points 

74 Azithromycin 3-6 days 18 months 213 reduced 
75 Doxycyclin 4 months 6 months 34 no effect 
76 Azithromycin 3 months 6 months 150 no effect 
78 Roxithromycin 30 days 6 months 202 no effect 

VI. FUTURE PERSPECTIVES 

Our understanding of the roles microorganisms may play in the development and progression of 
atherosclerotic diseases is rapidly changing. The implications of infection enhancing atherogen- 
esis are profound in regard to treatment wilh antimicrobials or vaccination. At present, the results 
or clinical trials with antibiotics are inconclusive (81). We feel such approaches deserve further 
exploration and should include larger numbers of patients and more clearly defined subsets. 

We must also be mindful of the possibility that eradication of microorganisms that are 
found in atherosclerotic lesions may have yet to be considered deletcrious effects. 
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Atherosclerosis is the leading cause of death in the Western world and one of the most rapidly in- 
creasing lethal diseases in the developing world (1). It is a slowly progressive disease character- 
ized by focal accumulations of cells, extracellular matrix, and lipids in the intima of large and 
middle-sized arteries (2,3). This results in narrowing of the lumen and causes hampered blood 
flow to the end organ with resultant ischemic symptoms such as angina pectoris and intermittent 
claudicatioti. Moreover, thrombi often develop on the surface of the lesion and may completely 
occlude the lumen, leading to infarction of the end organ. This is the most common cause o€myo- 
cardial infarction. Thrombotic material from such lesions may form arterial emboli that can oc- 
clude smaller arteries downstream from the “active plaque,” which results in sudden ischemic 
symptoms such as tr‘ansient ischemic attacks, stroke, and acute gangrene. 

Atherosclerosis is in itself a silent pathological process that precipitates clinical manifesta- 
tions only at a late stage oS disease. Clinical research on its pathogenesis has therefore been ham- 
pered by the lack of early indicators of the presence of disease and its rate of progression. Fur- 
thermore, the mere fact that atherosclerosis is one of the most corrinion diseases that affects 
mankind causes substantial problems for clinical scientists and epidemiologists attempting to 
identify markers of disease. Large epidemiological studies have, however, provided important in- 
formation on atherosclerosis and several risk factors have been identified that are statistically cor- 
related to clinical manifestations of disease. The most important among them are smolcing, hy- 
percholesterolemia, high blood pressure, and diabetes. However, it has been estimated that only 
approximately SO% of the incidence of ischemic heart disease can be explained by these major 
risk factors. Consequently, there i s  room for substantial, as yet unidentified, contributing factors. 

Experimental research into the molecular and cellular mechanisms of atherosclerosis has 
provided important information concerning the pathogenesis of the disease. In particular, the re- 
cently developed targeted gene deletion technology has provided munne models that have al- 
ready proven to be very useful in mechanistic research on the pathogenesis of atherosclerosis (4). 

While the etiology of the disease has been identified only in individuals who suffer from fa- 
milial hypercholcsterolemia, our current understanding of the disease process is that several dif- 
krent cliologic factors or combinations thereof may lead to a common sequence of events that 
lead from normal artery to atherosclerotic plaque (3). It involves the accumulation and oxidative 
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modificatioii of circulating low-density lipoproteins (LDLs), activation of cndothelial cells at 
sites of hemodynamic and metabolic strain, entry of mononuclear leukocytes into the intima, ac- 
tivation of macrophages and T lymphocytes, formation of lipid-laden foam cells, and induction 
of a fibroproliferative response of the smooth muscle cells of the artery ( 5 5 ) .  A common de- 
nominator for this process is vascular inflammation, which is discussed in detail in this chapter. 
Key steps are illustrated in Figure I .  

II. INITIATING EVENTS IN ATHEROGENESIS 

Although a large number of early phenorncna have been identified in experimental studies of ath- 
erosclerosis, the accumulation of lipoproteins in the arterial intima appears to be a sine qua lion 
for this disease. The small dense fraction of LDL is considered particularly atherogenic since i t  
readily penetrates the endothelium and has a tendency to associate with proteoglycans of the ex- 
tracellular matrix in the arterial wall (7). High circulating LDL levels favor this process by in- 
creasing the number of LDL particles that can penetrate the endothelium. Since LDL is the major 
cholesterol-transporting plasma lipoprotein, serum cholesterol is a risk factor for athcrosclerosis. 

I 1 

Figure 1 Initiation of atherosclerosis. LDL enters the artery wall in large amounts and is trapped in  the 
subendothelial intima. It undergoes oxidative modification (oxidized LDL, oxLDL), which releases proin- 
flamatory, oxidired lipids that activate endothelial cells to express the vascular cell adhesion molecule-1 
(VCAM-1). This serves as a receptor for monocytes and T cells. Oxidized lipids can also induce coinple- 
ment activation and stimulate cells to produce chemokines, both of which will stimulate mononuclear cells 
to enter the artery. Monocytes differentiate into macrophages, upregulatc scavcngcr receptors, internaliLe 
oxLDL, and transform into lipid-laden foam cells. T cells entering the intima may recognize fragments of 
oxLDL as foreign antigens when presented to them on MHC class 11 molecules after uptake through scav- 
enger receptorb. T cells may also recognize heat shock proteins generated during cell injury, and perhaps 
also microbial antigens present in the artery wall. T cell activation leads to release of a host of cytokines that 
in turn activate macrophages and endothelial and smooth muscle cells. Mast cells tnay also be activated in 
the intima; this may lead to LDL modification as well as protease secretion. 
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Once trapped in the arteiy, LDL may undergo modification by oxidative or proteolytic at- 
tack (8). This i s  accomplished by oxygen radicals and proleases that can be released from acti- 
vated vascular cells and occasional resident macrophages of the artery. The process is enhanced 
dramatically in inflammation, when activated macrophages, T cells. and mast cells producc largc 
amounts of radicals and enzymes. Low-density lipoprotein modification tends to increase parti- 
cle charge, which will force LDLs to detach from the proteoglycans. There is also a tendency to- 
ward aggregation of modified LDL particles, leading to large aggregates that can be phagocytized 
by macrophages. Finally, oxidized LDL is taken up by scavenger receptors on macrophages, lead- 
ing to intracellular cholesterol accumulation (see below). 

When LDL is attacked by oxygen radicals, lipid peroxidation leads to the release of alde- 
hydes that can form covalent bonds with amino groups of polypeptide chains (9). This generates 
the ligands for scavenger receptors and also serves as B and T cell epitopes (see below). Oxidized 
lipids, such as PAPC, lyso-PC, 9- and 13-HODE, are proinfiammatory and can activate both en- 
dothelial cells and macrophages ( 1  0,ll). Activation of endothelial cells by such lipid species 
causes expression of leukocyte adhesion molecules (12). Finally, oxysterols derived from cho- 
lesterol can activate inflcmrnatory cells (13) and also form aggregates that activate the comple- 
ment cascade (14). Together, these reactions initiate vascular inflammation, which is a key step 
in atherogenesis. 

111. INFLAMMATION IN ATHEROGENESIS 

Endothelial expression of  adhesion molecules is the earliest sign of atherosclerosis that can be de- 
tected in arterial cells. The vascular cell adhesion molecule- 1 (VCAM- 1 )  appears on the luminal 
endothelium within a few days after induction of hypercholesterolernia in rabbits (15). It is also 
expressed in early atherosclerosis in genetically hypercholesterolemic mice (16). However, 
VCAM-1 then disappears from the luminal endothelium after a few weeks and is later expressed 
by vascular smooth muscle cells in deeper parts of the lesions (17-19). 

The VCAM- 1 is a receptor for mononuclear leukocytes (monocytes and lymphocytes), 
which use their VLA-4 (a4pl) intcgrin to bind to the Ig-like VCAM-I on the endothelinin. Since 
endothelial VCAM-1 expression is followed by adhesion of mononuclear cells and the appear- 
ance of such cells in the intima, this is likely to be important for recruitment of such cclls to the 
forming lesions. In addition, i t  is possible that VLA-4 expressing leukocytes may bind to fi- 
bronectins exposed on the endothelial surface (20). The finding that fatty streak formation is re- 
duced by administering a peptide that blocks VLA-4 supports a role for this integrin in atheroge- 
nesis (21). 

Table 1 Immune Cells Present in Atherosclerotic Plaques 

Percent of all cells 
Cell type in lesion Important functions 

Maerophage 30-50 Lipid accumulation: secretion of cytokines, proteases; radical 

T cell 5-20 Antigen recognition; cytokine secretion; macrophage activa- 

Mast cell > I  LDL modification; proteasc production 

production (oxygen, NO) 

tion; cytotoxicity 
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Table 2 Properties of Some Cytokines Found in Atherosclerotic Lesions 

Cytokine Producing cell(s) Target cell(s) Effects 

IL- 1 M a ,  EC, SMC T cells, MG?, EC, 
SMC, mast cells 

TNF-a M a ,  T cells T cells, M a ,  EC, 
SMC, mast cells 

Interferon-y T cells (Thl) M a ,  EC, SMC, mast 
cells 

tL-2 T cells (Tho, Thl) T cells 
IL-4 (in severe T cells (Th2) T cells, others 

1 LA-6 M4,, EC, SMC Many 
hyperchol.) 

IL-10 T cells, Md, ‘I’ cells, others 
MCP- I EC, SMC MC, T cells 
M-CSF EC, SMC MC 

Adhesion; procoagulant activ- 
ity; NOS2, COX2 expres- 
sion, etc. 

Adhesion; procoag.; NOS2. 
COX2; LPL; proteases; nie- 
tabolism 

Macrophage activ., adhesion; 
procoag.; NOS2, COX2; 
proteases; contractile pro- 
teins; SR 

Activation, growth 
Th2 activation; anti-intiamm.; 

Intiamm., acute phase reaction; 

Promotes Th2, inhibits Thl 
Cheniotaxis 
M4, differentiation 

R cell activ. 

B ccll stim. 

For abbreviations, please refer to text. 

While VLA-4 is expressed constitutively, VCAM-1 is induced by inflanimatory stimuli that 
act through the transcription factor, NF-KB (22). Such stimuli include endotoxins and proinflam- 
matory cytokines. In addition, oxidized phospholipids such as lysophosphatidylcholine induce 
monocyte-endothelial adhesion through VCAM- l-dependent mechanisms (1 2,23). This provides 
a direct link between LDL oxidation and recruitment of inflammatory cells to the arterial intima. 

In addition to VCAM-1, intercellular adhesion molecule-1 (ICAM-1) is also expressed on 
the surface of atherosclerotic lesions and atherosclerosis-prone areas ( 16). This adhesion mole- 
cule is regulated by inflammatory stimuli acting on NF-KB but the promoter ofthe 1CAM-1 gene 
also contains a “shear stress-rcgulated element,” i.e., a nucleotide sequence that conveys tran- 
scriptional activation upon increases or changes in shear stress on  the endothelial surface (24). 
The ICAM-1 is largely expressed at sites of hemodynaink strain, supporting a role for shear 
stress-regulated expression of this adhesion molccule (1 6) .  

Recruitment of mononuclear cells is thought to require an initial rolling of the leukocyte on 
the endothelial surface before firm integrin-dependent adhesion can take place. Rolling is medi- 
ated by selectins, which are adhesion molecules that bind carbohydrate structures on the cellular 
counterpart (25). Both P- and E-selectins are inducible in the arterial endothelium; they appear to 
be important for atherogenesis since compound knockout mice that are hypercholesterolemic but 
lack both selectins exhibit reduced fatty streak formation (26). 

Adhesion is followed by migration of monocytes and T cells into the arterial intima. This 
process is governed by chemotactic factors. Complement activation may be an important source 
of such factors, including the C5a peptide. It is generated when the complement cascade is acti- 
vated, probably on oxysterol aggregates (i.e., aggregates of oxidized cholesterol derivatives) in 
the arterial intima and forming plaque (14,27). Complement depletion reduces atherosclerosis in 
experimental animals. 

Cheniokines are also strong stimuli for leukocyte migration. Particular interest has focused 
on the monocyte chemotactic protein-1 (MCP-1) and its receptor, CCR2. In spite of its name, 



Cellular Immune Responses in Atherosclerosis 159 

MCP-I i s  chernoiactic both for T cells and monocytes (28) and it is expressed in atherosclerotic 
plaques (29). When knockout mice that lack either MCP-1 or CCR2 are crosscd with atheroscle- 
rosis-prone mice, lesion formation is reduced by up to 80% (30,3 1). This strongly suggests that 
chemohne-dependent recruitmcnt is an important early factor in atherosclerosis. 

IV. NITY- PHAGES, SCAVENGER RECEPTORS, 
AND R S 

The first stage of the atherosclerotic process-at least in experimental models-is the fatty streak 
(32,33). This is a cholesterol-rich lesion of the arterial intima. It contains cholesterol both as ex- 
tracellular lipoprotcins and as intracellular droplets in lipid-laden foam cells. The lesion is not 
pcarticularly elevated from the arterial surface and does not cause any clinical symptoms. It is 
c o m o n  in young individuals, as has bccomc evident from autopsy studies of accident victims 
and war casualties. 

In experimental animal models, the subendothelial accumulation of cholesterol and en- 
dothelial expression of adhesion molecules is followed by the entry of monocytes and lympho- 
cytes into the subendothelial intima (34). This, in turn, is followed by the differentiation of mono- 
cytes into macrophages, upregulation of scavenger receptors, and internali~ation of modified 
lipoproteins (5) .  Macrophage differentiation is dependent on the cytokine, macrophage-colony 
stimulating factor (M-CSF) (35) but i s  also enhanced by oxidized lipoproteins (36). 

The occurrence of differentiated macrophages in the intima appears to be necessary for ath- 
erosclerosis since macrophage-deficient mice do not develop fatty streaks even when severely 
hypercholesteroleniic (37). Such op/op mice carry a mutation in thc gene for M-CSF and their 
blood monocytes do not differentiate into tissue macrophages. Among the cells that they lack 
within the macrophage lineage are osteoclasts. They develop an osteopetrosis-like disease and the 
defective gene was therefore called op before it was identified as the M-CSF gene. Even when 
op/op mice are crossed with the severely hypercholesterolemic apoE knockout mouse, hardly any 
fatty streaks develop. Therefore, the development of macrophages in the artery wall is necessary 
for atherosclerosis. 

The transformation of macrophages into lipid-laden foam cells depends on the activity of 
scavenger receptors. They are multifunctional receptors that bind ligands with clustered negative 
charges (38). Such ligands include oxidized lipoproteins but also bacterial endotoxins, several 
other types of macromolecules, and apoptotic cells and cell fragments. Although scavengcr re- 
ceptors were initially discovered as acetyl-LDL binding receptors (39, they are now considered 
to be major components in the defense against gram-negative bacteria (38,40). 

Scavenger receptors (SRs) constitute a family with several members that have been 
grouped into the subfamilies A, B, and C. Scavenger receptor-A was the first to be cloned; it is a 
transmeInbrane protein with an external C-terminal cysteine-rich domain (SRCR domain, scav- 
enger receptor cysteine-rich domain), which defines motifs c o m o n  for the entire SR family 

Table 3 Candidate Antigens in Atherosclerosis 

Antigen Type 

OxLDL Autoantigen 
HS1’60 Autoantigen 
Chlcimydin pneumoniae Microbial 
C ytornegalovirus Microbial 
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(38,41). Beneath the SRCR domain is a collagen-like coiled coil that appears 10 contain the lig- 
and-binding domain (41 -43). Scavenger receptor-A ligation results in degradation of the ligand 
in a lysosomal compartment. However, components of the ligand may associate with MHC class 
TI molecules, appear on the surface of the macrophage, and be recognized as foreign antigens by 
specific T cells (44,451. Scavenger receplor-A knockout mice succumb to gram-negative infec- 
tions, supporting a role for this receptor in host defense (46). They show reduced fatty streak for- 
mation aiid their macrophages are less prone to transform into foam cells. 

Scavenger receptor-A expression is linked to monocyte-macrophage differentiation but it is 
also regulated by cytokines. Interferon-y, tumor necrosis factor-a(TNF-a), and transforming 
growth factor-P(TGF-P) downregulate SR-A expression (47-49), while M-CSF upregulates it 
(SO). i t  therefore appears that SR-A activity is a feature of resident macrophages but may disap- 
pear during inflammation. 

Another scavenger receptor, CD36, exhibits similar structural features and ligand-binding 
activity as SR-A (4031). It also acts as a receptor for thrombospondin and individuals with mu- 
tations in the CD36 gene may therefore exhibit defective primary heniostasis and purpural bieed- 
ings. Hypercholesterolemic mice that lack CD36 show similar changes in macrophage uptake of 
oxidized LDL (oxLDL) as those deficient in SR-A, suggesting a role also for this scavenger re- 
ceptor in atherosclerosis (52). CD36 is regulated partly by the PPARy transcription factor: oxi- 
dized lipids of oxidized LDL ccm penetrate the cell and ligate PPARy, which leads to increased 
CD36 expression (53). This, in turn, enhances uptake of oxidized LDL, resulting in a positive 
feedback loop for foam cell formation. 

entirely different functional activity. It acts as 
a receptor for high-density lipoproteins (HDL), which mobilize cholesterol from cells (54). SR- 
BI is therefore part of a machinery that eliminates cholesterol from the artery wall, while SR-A 
and CD36 promote cholesterol deposition in the arterial intima. 

A new scavenger receptor, the lectin-like OXLDL receptor-1 (LOX-1) was recently discov- 
ered (55). It resembles lectin-like receptors in natural killer (NK) cells, is expressed by endothe- 
lial cells but may also appear onsmooth muscle and macrophages, is rcgulated by shear stress and 
cytokines, and is not related to the SRCR family (56,57). 

Macrophages are the main cholesterol-accumulating cells in the atherosclerotic plaque 
(3,39). in addition, they may promote the development of atherosclerosis in several other ways. 
They produce a host of cytokines. In particular, the proinflammatory cytokines TNF-a and inter- 
leukin-1 (IL-1) have been detected in plaques and appear to be important for disease progression 
(58,59). These cytokines activate endothelial cells to express lcukocyte adhesion molecules and 
procoagulant factors and initiate a cascade of cytokine secretion that leads to secretion of acute 
phase reactants such as C-rcactive protein (CRP) and IL-6. Furthermore, proinflammatory cy- 
tokines stimulate smooth muscle cells to express the cytokine-inducible nitric oxide synthase 
(iNOS, NOS2) (60) and reduce their content of contractile a-actin protein (61). This reduces vas- 
cular contractility; in addition, high levels of nitric oxide (NO) produced through the NOS2 path- 
way may also cause apoptosis. Similarly, proinflammatory cytokines inducc expression of cy- 
clooxygenase-2, which leads to production of a variety of eicosanoids during inflammation and 
atherogenesis (62). Many of the effects of proinflammatory cytokines are exerted through thc 
transcription factor, NF-KB, the activation of which is increased in the atherosclerotic plaque (63) 
and enhanced when smooth muscle cells differentiate into the intimal phenotype (64,657). 

Growth factors produced by macrophages include the platelet-derived growth factor 
(PDGF), fibroblast growth factor (FGF), and TGF-P (3), which act on smooth muscle cells to 
stimulate their cell cycle progression and cell division. After balloon catheter injury to the artery, 
FGF released from cellular and extracellular stores induce a first wave of smooth muscle cell pro- 

A third scavenger receptor, SR-BI, exerts 
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liferation (66). In the next phase, PDGF released from platelets on the injured arterial surface 
chemotactically stimulate smooth muscle cells to migrate from the media into the intima (67). Fi- 
nally, PDGF secretion by macrophages, smooth muscle cells, and endothelial cells in the intima 
induces continued smooth muscle proliferation in  this compartment (68-70). This mechanism 
probably drives the formation of the fibrous cap, a structure that encapsulates thc foam cell lesion 
with connective tissue during progression of the fatty streak into a “fibrofatty” atherosclerotic 
plaque (3,70). 

The TGF-P is a growth stimulator for mesenchymal cells, including smooth muscle cells 
(71). However, its fibrogenic activity is at least as important since TGF-P stimulates collagen for- 
mation and hence [ormation of the fibrous cap (72). Finally, TGF-P is strongly anti-inflammatoly 
(73-75). It is therefore likely that TGF-P counteracts the action of proinflammatory cytolunes and 
that the balance between these two types of signaling molecules may determine the extent of in- 
flammatory and fibrogenic activities in the plaque. 

When macrophages are activated by stimuli such as inferferon-y and endotoxins, they pro- 
duce factors that can modify lipoproteins (8). These factors include proteases and oxygen free 
radicals. The latter arc generated both through myeloperoxidase activity and nonenzymatic 
mechanisms (9). Proteolytic attack on LDL can be due to macrophage products but it can also be 
exerted by chymase, a mast cell enzyme (76). Mast cells have been detected in human and ex- 
perimental atherosclcrotic lesions and may be involved both in lipoprotein modification and in 
plaque ruplure. Their activation is obviously dependent on inflammatory stimuli in the plaque. 

V. ADAPTIV~ I ~ ~ U N I T Y  AND THE ROLE OF SPECIFIC T CELLS 

The T cell is an important component of the atherosclerotic lesion. It is present from its start as a 
fatty streak, i s  recruited through similar mechanisms as monocytes, and constitutes approxi- 
mately 10% of all cells in the advanced human plaque (77-81). Most T cells are of the CD4+ type 
(78) and produce Thl-type cytokines such as interferon-y (80,82,83). 

The concomitant expression of MHC class 11 molecules by macrophages, endothelial cells, 
and smooth muscle cells, and of activation markers by adjacent T cells (77) suggests that antigen 
presentation and immune specific T cell activation is taking place in the plaque. Occasional den- 
dritic cells are also found in plaques (84) and il is possible that they take up plaque antigens, mi- 
grate to regional lymph nodes and activate T cells at this location, These T cells may subsequently 
enter lesions, probably through VLA-4- and chemokine-dependent recruitment, and undergo sec- 
ondary activation after antigen presentation by mdCrOphageS. Antigens that may activate plaque 
T cells include both endogenous ones such as oxidized LDL and exogenous, microbial antigens. 
They are discussed below. 

T cells affect disease progression both by cell-cell contact mechanisms and by secretion of 
paracrine factors. The former include cytolytic factors such as granzyine and Fas ligand, which 
may cause apoptosis of surrounding cells. Among the latter, interferon-y and IL-2 are detected in 
almost all advanced human carotid plaques (82). They probably reflect a Thl effector function, 
which may be due to local secretion of IL-12 in the lesion (85). Since interferon-y is a major 
macrophage-activating cytokine, this is likely to be a major driving force for macrophage activa- 
tion and inflammation in the plaque. Interestingly, activated T cells are increased at sites of plaque 
rupture and it is possible that their activation induces acute coronary syndromes by causing 
macrophage activation, proteolysis, and thrombosis (6,86,87). 

T cell cytokines exert important regulatory effects on vascular cells. Interferon-y inhibits 
smooth muscle proliferation (61,88) and the expression of a-actin (61) and collagen (89). Such 
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effects are likely to reduce the fibrotic buildup of the plaque cap but also to weaken its tensile 
strength. It may therefore make the lesion more susceptible to rupture in a situation when 
macrophage activation leads to secretion of proteases and cytotoxic radicals. Tumor necrosis fac- 
tor-a, which can be produced by Thl cclls as well as by macrophages, can also inhibit a-actin ex- 
pression and thus reduce smooth muscle contractility. 

Together, interfcron-y and TNF can induce expression of cytokine-inducible NOS2 by 
macrophages, smooth muscle cells, and other cells. This may serve as a protective mechanism in 
situations when endothelial dysfunction leads to loss of NO production through the endothelial 
NO synthase pathway (90,91). However, NOS2 is a high-output enzyme that generates very large 
amounts of NO. This may induce apoptosis and NO could also react with oxygen radicals to form 
cytotoxic peroxynilrile (92). Such effects could cause severe damage to cells of the atherosclc- 
rotic plaque. 

While the proinflammatory Thl cytokines interferon-y and T” therefore may be pro- 
atherogenic molecules, Th2 cytokines may have different effects. Interleukin-4 inhibits NOS2 ex- 
pression (93) but can induce 15-lipoxygenase and therefore promote the formation of oxygen rad- 
icals in thc lesion (94). Another Th2 cytokine, IL-10, inhibits the Thl pathway and may therefore 
reduce plaque inflammation (85). A proatherogenic role for the Thllinterferon-y pathway is sup- 
ported by the finding that compound knockout mice that lack intcrferon-y receptors and apoE de- 
velop lcss atherosclerosis than interferon-y receptor-expressing apoE knockout mice (95). Such 
studies should also be performed to determine the role of the Th2 pathway. 

In view of the complexity of T cell subsets, their effector functions and cross-regulatory ac- 
tivities, it is not surprising that studies of compound mutant mice that are hypercholesterolemic 
and lack specific immunity have been difficult to interpret. RAG-I-/- x apoE-/- mice develop 
significantly less atherosclerosis than immunocompetent RAG- 1+/+ apoE-/- littermates (96). 
However, the effect is reduced in severe hypercholesterolemia. This may be due to the fact that 
cellular immune responses switch from a Thl to a Th2 predominance when the cholesterol load 
increases (97). One may conclude from studies of gene-modified, immunodeficient, and athero- 
sclerosis-prone mice that while innate immunity is necessary for atherosclerosis, adaptive irnmu- 
nity plays an important modulating role. This conclusion is supported by the recent findings that 
treatment with polyclonal immunoglobulins at doses that modulate cellular immunity reduces 
atherosclerosis in apoE knockout mice (98) and that injections of anti-CD40-ligand antibodies re- 
duce atherosclerosis in disease-prone LDL receptor knockout animals (99). Such observations 
encourage the attempts to use immunomoduiation to control progression of atherosclerosis. 

VI. CANDIDATE ANTIGENS AND SYSTEMIC IMMUNE RESPONSES 

Several antigens have been proposed to be involved in atherosclerosis. The most extensive data 
are available for oxidized LDL but there is also evidence that heat shock proteins may act as anti- 
gens. In addition, microbes may be pathogenic at least partly by inducing immune responses, 
some of which could involve molecular mimickry with endogenous molecular structures. 

A. Oxidized Low-Density Lipoprotein 

When LDL accumulates extravascularly, it is prone to undergo oxidative modification (8). This 
process starts when oxygen radicals attack unsaturated fatty acid residues of triglycerides and 
phospholipids of the lipoprotein particle. As mentioned above, such oxidized lipids are strongly 
proinflammatory. Lipid peroxidation leads to release of aldehyde fragments such as malondi- 
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aldehyde and 4-hydroxynonenal. These short aldehydes may react with the protein moiety of the 
lipoprotein, particularly by binding to &-amino groups of lysine. This process generates new epi- 
topes for which tolerance appears not to have developed; structure uch as malondialdehyde-ly- 
sine are strongly immunogenic and induce high titer antibody production (100). In addition, an- 
tibodies develop against oxidized phospholipids. In fact, many cardiolipin antibodies appear to 
be directed against oxidized structures of the cardiolipin molecule (101). 

Both the antigen, oxidized L,DL, and anti-oxLDL antibodies are present in the artery wall 
during atherosclerosis (102,103). i t  is likely that LDL-anti-oxLDL immune complexes are taken 
up by Fc receptors and thus contribute to foam cell formation (104). In addition, they may acti- 
vate the complement cascade and thereby enhance inflammation and the recruitment of mononu- 
clear cells. However, it is also possible that systemic anti-oxLDL antibodies help remove oxLDL 
from the circulation before it reaches the artery wall ( 1  05). The balance between oxidation and 
elimination of LDL may therefore at least in part depend on systemic elimination vis-A-vis local 
production in the artery wall. 

Both IgM and IgG antibodies to oxLDL are produced during atherosclerosis (97,106). The 
occurreiice of the latter suggests that T cells as well as B cells may recognize oxLDL. This has 
been verified in cellular immunological studies. T cell clones were obtained from atherosclerotic 
plaques; when challenged with oxLDL, many of the CD4+ clones recognized it as a classical, 
HLA-DR-dependent antigen (107). Similarly, apoE knockout nice develop oxLDL-reactive T 
cells and T cell-dependent B cell responses to oxLDL (97,108,109). Thc switch from Thl to Th2 
help for anti-oxLDL reactive B cells may be decisive both for the local ccliular immune response 
to oxLDL in the plaque and for the effector properlies of the systemic antibody response. 

Oxidized LDL antibodies are found in bypcrcholesterolernic, atherosclerotic experimental 
animals and they also appear in humans with atherosclerotic disease. Their titers have been found 
to correlate with the progression of carotid artery atherosclerosis (1 10) and peripheral athero- 
sclerosis ( 1 I I )  but not with coronary disease in hypercholesterolemic patients ( 1  12). The predic- 
tive value of such antibodies therefore remains controversial. 

If oxLDL is an important autoantigen, one would expect immuniLation with it to affect dis- 
ease development. This is actually the case: several experimental studies have shown substantial 
beneficial effects of oxLDL irnmuiiization 011 atherosclerosis in hypercholesferolemic rabbits and 
mice (I 13-1 15). Although both the antigen preparations and adjuvants administered need to be 
improved, these findings are encouraging for future research aimed at preventing clinical disease. 

B. Heat Shock Proteins 

Heat shock proteins are chaperonins that aid protein folding and intracellular transport. They are 
formed in increased amounts in “cell stress” such as inflammation (1 16). Therefore, antibodies to 
heat shock proteins frequently develop in inflammatory and autoimmune diseases (1 17). 

Heat shock protein 60 (HSP60) can be produced by endothelial cells during metabolic 
strain and vascular inflammation (1 18). Heat shock protein 60 can elicit antibody production and 
cellular immune responses, which have been linked to atherosclerosis in the same way as immune 
responses to oxLDL (1 19). In addition, human HSP60 exhibits significant structural similarities 
with microbial heat shock proteins (1 20). It is therefore possible that niicroorganisms can affect 
the atherosclerotic process by molecular mimicry with this protein. 

In contrast to the beneficial effects obtained by immunization with oxL,DL, immunization 
with HSP60 has been reported to aggavate atherosclerosis (1 21 ). The reason for this difference 
is unclear but may be due to tissue destruction caused by immune responses against HSP60-ex- 
pressing vascular cells. 
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Several microorganisms have been proposed to play a role in atherosclerosis. These suggestions 
are largely based on seroepidemiological studies; a meta-analysis of these data point to Chlamy- 
dia pneumoniae and cytoinegalovirus as the two most relevant microbes, which should be sub- 
jected to further mechanistic and epidemiological studies (122). 

Chlurnydiu pneuinoniae was first linked to atherosclerosis in seroepidemiological studies 
of patients with coronary heart disease and sudden death victims ( 1  23). Higher titers of anti- 
Chlurnydiu pneumoniae antibodies were found in patients than in healthy controls. It was subse- 
quently shown that Chlamydia pneumoniae can occur in some inacrophages of atherosclerotic le- 
sions (124). Recent animal experiments show that infection with Chlamydia pneumoniae may 
aggravate cholesterol-induced atherosclerosis (1 25-127) and it has therefore been proposed that 
this microorganism increases heart disease by acting as an accelerator of the atherosclerotic 
process. Such an effect could either be due to direct microbial attack of vascular tissue or to im- 
mune reactions mounted against the microbe. Support for the latter hypothesis was obtained by 
the observation that Chlamydia heat shock proteins exhibit significant sequence homology to 
their human counterparts (1 20). 

An entirely different hypothesis for the pathogenic role of Chlamydia pneutnoniae in heart 
disease was offered when it was observed that Chlamydia proteins show homologies to a-myosin 
heavy chain, a cytocontractile protein of the cardiomyocyte (128). According to this proposed 
scenario, the microbe would induce myocarditis and possibly cardiac arteritis by inducing au- 
toimmune reactions; such an inflammation could aggravate or mimic coronary heart disease and 
lead to ischemia and sudden death. While the role of Chlamydia species in niyocarditis is well es- 
tablished, this mechanism remains to be proven for atherosclerotic heart disease. 

The seroepidemiological and experimental data that support a role for Chlamydia pneumo- 
niae in coronary heart disease have been found sufficiently interesting to justify clinical trials 
using antibiotics to prevent coronary heart disease. One of these studies (129) found that rox- 
ithroinycin treatment reduced the incidence of secondary coronary events in patients who had un- 
dergone myocardial infarction. In another study, a similar antibiotic, azithromycin, did not pro- 
vide any clinical effect in patients with coronary artery disease (1 30). The clinical importance of 
Chlamydia pneuinoniae and the benefit of antibiotics in atherosclerotic disease therefore remain 
unclear and the issue merits further investigations. 

Virus species of the herpesvirus family have been linked to atherosclerosis in several stud- 
ies. A member of the herpes virus family, Marek‘s disease virus, aggravates cholesterol-induced 
atherosclerosis in chickens and it was suggested that other members of the family may exert sim- 
ilar effects in man (131). Herpes simplex type I DNA and protein has actually been found in 
human atherosclerotic plaques ( 1  32); however, this virus is Libiquitous and can be identified in 
many tissues o f  healthy individuals. In contrast, cytomegalovirus (CMV), which can also be 
found in human lesions (133), has a more restricted distribution among human individuals and in 
tissues of healthy individuals. Cytomegalovirus has been linked to transplant arleriosclerosis, i.e., 
the chronic vascular rejection process that occurs after allogeneic organ transplantation (1 34- 
136). However, its role in “garden variety” atherosclerosis remains to be determined. 

VII. ACTIVE PLA ES AND ACUTE ISCHEMIC SYNDROMES 

Most atherosclerotic plaques never give rise to clinical symptoms. However, certain plaques lo- 
cated at critical sites, particularly in the coronary and cerebral vasculature, can cause dramatic is- 
chemic syndromes including myocardial infarction and stroke. Autopsy studies in many labora- 
tories have shown that these culprit lesions are sites of mural thrombi (137). Therefore, it is not 
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simply the gradual narrowing of the lumen due to growth of the lesion that causes end-orgaii is- 
chemia. Instead, the plaque may undergo an “activation” that involves development of thrombo- 
genicity. 

Recent research has shown that such active plaques are sites of intense inflammation with 
abundant, activated T cells, macrophages, and mast cells (1 38-141 ). They show increased pro- 
duction of matrix metalloproteinases, which are collagenolytic and elastolytic enzymes, and of 
reactive radical species (87,142). Since proinflammatory cytokines released by activated T cells 
and macrophages can induce metalloproteinase expression and radical production in inacro- 
phages, mast cells, smooth muscle cells, and endothelial cells, it appears likely that an immune/ 
inflammatory activation in the plaque leads to t 

Such an activity would be expected to reduce the tensile strength of the tissue. Interestingly, 
plaque fissures and ruptures are found in the majority of culprit lesions in coronary arteries (143). 
Thus, immune/inflmatory activation results in protcolysis, which in turn causes plaque rup- 
ture. 

Plaque rupture does not usually lead to complete rupture of the artery. Instead, it exposes a 
small nidus of subendothelial tissue to the circulating blood. Since the extracellular matrix is 
highly thrombogenic, this will result in the formation of a thrombus. The process is enhanced if 
tissue factor, the initiator of the external pathway of coagulation, is expressed by cells in the vicin- 
ity. Interestingly, proinflammatory cytokines induce tissue Factor in both endothelial cells, smooth 
muscle cells, and macrophages (144-146). 

Similar to plaque fissures and ruptures, endothelial desquamation can cause thrombosis. 
This process could be elicited, e.g., by local proteolysis that dissociates endothelial cells from 
their substratum or by vasospastic events that mechanically damage the endothelium in such a 
way that the cells detach. Such endothelial desquamation is also observed in m‘my cases of coro- 
nary thrombosis (87). 

Plaque inflammation leads to release of proinflammatory cytokines into the circulation. 
This, in turn, induces acute phase reactants in a similar manner as for other types of infiamma- 
tion. Therefore, the acute coronary syndrome is characterized by high levels of acute phase reac- 
tants such as CRI? and fibrinogen, which are useful in the clinical diagnosis o f  unstable angina 
pectoris and developing myocardial infarction (147-1 49). Recent studies of patients with unsta- 
ble angina point to T-cell activation as an initiating or modulatory event in the inflammatory 
process (150,151). 

ue protcolysis and cytotoxicity (6). 

A large number of experimental and clinical studies have established that the immune system 
plays an important pathogenetic role in atherosclerosis. Current data imply innate immunity as 
necessary for lesion formation and this has led investigators to conclude that atherosclerosis is an 
inflammatory disease. The role of adaptive immunity is more complex-it is present throughout 
disease development and general immune defects reduce the extent of disease in experimental 
modcls. Howcver, specific defects may have entirely different effects and it is likely that certain 
effector mechanisms of adaptive immunity are proatherogenic while others may be athcroprotec- 
tive. 

Attempts to treat or prevent atherosclerosis by modulating immune activity have been suc- 
cessful in experimental models. Current interest focuses on specific antigens such as oxLDL, 
HSPGO, and macromolecular components of Chlumydiu pneumoniue and CMV. In addition, it is 
possible that modulation of immunologically nonspecific inflammatory reactions may be uscful 
for treating atherosclerosis. Finally, inflammatory markers have already proven to be useful for 
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the diagnosis of active plaques and acute coronary syndromes. All these data imply that the im- 
mune system plays an active role in atherosclerosis, which can therefore be viewed as an inflam- 
matory vascular response lo a metabolic disturbance. 
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The field of vascular biology has grown extensively over the past decade, due in part to the real- 
imion of the importance that neovascularization plays in both normal as well as pathological 
processes. Elegant studies in the ficld of vascular biology have revealed two general biological 
mechanisms by which new blood vessels form. The first is called vasculogenesis and is the 
process by which functional blood vessels develop from precursor cells called angioblasts (1,2). 
The second mechanism is called angiogenesis and is the process by which new blood vessels 
sprout from preexisting vessels (3,4). We will not discuss vasculogcnesis, but instead, focus on 
angiogenesis. In particular, we will discuss the expanding body of work that demonstrates unique 
molecular cooperation between distinct families of molecules that regulate neovascularization. 

The critical importance of blood vessel formation for normal physiological processes such 
as trophoblast iniplanlation, embryonic development, and wound healing has been appreciated 
for some time (3-5). However, it wasn’t until the early 1970s that pioneering work by Dr. Judah 
Folkman suggested that angiogenesis may also play an important role in  thc regulation of tumor 
growth (6,7). These early studies stimulated interest within the scientific community that aberrant 
neovascularization may contribute to a number of pathological processes such as diabetic 
retinopathy, rheumatoid arth 

To this end, erforts have becn focused on the identification of molecules that regulate an- 
giogenesis. Some of the more widely studied of these angiogenesis regulatory factors can be 
grouped into four distinct categories (Table 1 ), including growth factors and their receptors, ccll 
adhesion molecules, proteolytic enzymes, and extracellular matrix (ECM) components (8,9). 
While we are primarily focused on these particular groups, our discussion is not intended to sug- 
gest that these are the only ?actors involved in angiogenesis, nor that they are necessarily the most 
important, but rather we use these families as examples to illustrate the important concept of mo- 
lecular cooperation in the regulation of neovascularization. 

As mentioned above, angiogenesis is a complex series of interconnected molecular, cellu- 
lar, and biochemical events that ultimately result in the formation of new blood vessels. In gen- 
eral, angiogenesis can be organized into thrcc steps or stages (Fig. I) ,  including an initiation 
phase where angiogenic cytokines and growth factors are released from a variety of sources (3,5, 
7,IO). Growth factors are thought to initiate complex signal transduction pathways that ultimately 

, psoriasis, and tumor growth and metastasis (3-7). 
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Table 1 General Categories of Angiogenesis Regulatory Moleculesa 

I .  Growth Factors and Growth Factor Receptors 
2. Cell Adhesion Molecules 
3.  Protcolytic Enzymes, Protease Inhibitors and Protease Receptors 
4. Extracellular Matrix Proteins 

'Gciieral categories or fanitlies of molecules that have been shown to regulate the 
development of new blood vessels. 

activate endothelial cells ( 1 1,12). Vascular cell activation results in the acquisition of an invasive 
phenotype that promotes cell-cell disassociation, production of matrix remodeling proteases, and 
alterations in the expression of cell surface adhesion receptors (3-12). These activated vascular 
cells remodel ECM components, interact with altered matrix molecules and invade the local in- 
terstitium. Once in the interstitial compartment, the vascular cells again remodel their immediate 
microenvironment, and interact with these modified interstitial ECM components. Vascular cell 
interactions with thcse remodeled interstitial components likely lead to morphogenesis and cel- 
lular reorganization into tube-like structures. In the final maturation phase of angiogenesis, vas- 
cular cells express new matrix components, undergo cell-cell interactions with accessory cells 
such as pericytes, and differentiate into functional blood vessels (3-12). These newly formed ves- 
sels can then provide nutrients, exchange gases, and remove metabolic waste products for proper 
maintenance of tissues and organs. 

Angiogenesis is not a process in which individual molecules function in isolation, but is 
rather a complex series of molecular, biochemical, and cellular events that function cooperatively 
to form new vessels, In this regard, the primary focus of this chapter is to cxamine angiogcnesis 
in terms of molecular cooperation, and to discuss important new insights into the regulation of 
angiogenesis and neovascular diseases. 

II. RS AND THEIR RECEPTORS IN ~NGIOGEN 

Studies have implicated growth factor and cytokine stimulation as it critical initiating event in 
neovascularization (1 1,12). Some of the more widely studied of these include basic and acidic fi- 
broblast growth factor (FGF), vascular endothelial growth factor (VEGF), platelet-derived 
growth factor (PDGF), tumor necrosis factor-a (TNF-a), transforming growth factor$ (TGF-P), 
and insulin and iiisuliii-like growth factors (1 1,12). It is important to note that this i s  only a par- 
tial list 01 the large number of factors known to stimulate angiogenesis. Growth factors are ex- 
pressed by a number of cell types including vascular endothelial cells, smooth muscle cells, stro- 
mal cells, inflammatory cells, as well as tumor cells (11,12). The ability of these factors to 
contribute to angiogenesis depends in part on the concept of molecular cooperation. In its most 
basic form, these soluble factors bind to their cognate cell surface receptors thereby facilitating 
signal transduction. For example, VEGF can bind to at least two specific VEGF receptors termed 
VEGFR-1 (fltl) and VEGFR-2 (KDR/flk-l), while distinct forms of FGF have been shown to in- 
teract with at least 4 specific tyrosine kinase receptors (13-1 5). Direct interactions between thcse 
growth factors and their transmembranc tyrosine kinase receptors can regulate a number of 
processes including cell prolifcration, adhesion, migration, protease production, and secretion of 
ECM components (16-23). 

Under normal physiological conditions, angiogenesis is highly regulated. The expression, 
bioavalability, and activity of these factors must be tightly controlled to avoid aberrant neovascu- 
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I. Initiation 

Growth Factor Vascular Cell 
Adivation I Stimulation 

11. Proliferation and Invasion 

5' Protease Production 
\ & ECM Remodeling 

111. Maturation 

Vascular Cell I & Differentiation 
E M  components Morphogenesis 

Synthesis of 

Figure 1 General steps in angiogenesis. Angiogenesis is a multistcp process that involves a continuum of 
interconnected events. In general, the stages can be grouped into three categories including initiation, pro- 
liferationliiivasion, and maturation. These scquential steps may start by growth factor stirnulation of yuies- 
cent endothelial cells. Activated endothelial cells in turn remodel their immediate microenvironment, facil- 
itating cellular invasion and migration. In the linal sedge of maturation. endothelial cells participate in 
distinct cell-cell and cell-ECM interaction$, secrete new ECM molecules, arid differentiate into functional 
vessels. 

CTORS AND THEIR RECEPTORS: INTERACTIONS 
LATION BY CELL ADHESION MOLECULES 

It is well known that angiogenesis can be regulated by signal transduction inechanisms mediated 
by ligation of endothelial cell tyrasinc kinase receptors. As mentioned above, TGP-P has been 
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shown to regulate angiogenesis ( I  1,12,17,21,23). Interestingly TGF-P was shown to block an- 
giogcnesis in vitro by inhibiting endothciial cell proliferation (24). In contrast, TGF-P promoted 
angiogenesis in vivo (25-27). The effects of TGF-P on angiogenesis in vivo are likely due to in- 
direct mechanisms, such as rcgulating endothelial cell differentiation, as well as expression of 
ECM proteins and proteases. Recent studies by Munger et al. (28) have shown that integrins a v p l  
and avP6 can directly interact with latent TGF-P. This interaction was dependent on an RGD 
tripeptide motif known to be recognized by many integriii receptors (28). Interestingly, avP6-me- 
diated cellular inlcractions with TGF-P resulted in i ctivation (28). This novel mechanism by 
which TGF-P is activated could contribute to angiogenesis by facilitating TGF-Plreccptor-medi- 
ated signal transduction, since latent TCF-P fails to interact with its receptor, 

Platelet-derived growth factor has also been shown to contribute to angiogenesis (29,3O). 
In l’act, PDGF regulates both smooth muscle and endothelial cell migration, as well as cell pro- 
liferation (16,19,20,3 1). Another intriguing example of molecular cooperation is illustrated in re- 
cent studies by Woodard et al. (31). Tn these studies, the PDGF receptor was shown to bind to 
avP3 (3 I ) .  Importantly, this unique interaction between a growth factor receptor and an integrin 
was shown to promote cell migration (31). Moreover, both avP3 and PDGF receptors have been 
implicated in the regulation of ncovascularization (29,3 1). These studies suggest that molecular 
associations between membcrs of distinct families of molecules may work in cooperation to po- 
tentiate cellular processes that regulate neovascu1ariz;ation. An expanding body of evidence re- 
garding the cooperation between g-owth factors and integrin signaling is accumulating. There not 
only appears to exist a convergence of downstream signaling mechanisms, but examples of direct 
molecular interactions are also emerging (32,34). 

To this end, evidence suggests that avP3 directly interacts with the insulin receptor sub- 
strate-I, an intracellular protein thought to facilitate signal transduction (34,35). Since both in- 
sulin as well as insulin-like growth factor-1 have been shown to promote angiogenesis, it is pos- 
sible that the novel interaction may contribute to cellular proliferation, adhesion, and migration 
during iieovascularization. 

Inteegrins are not the only examples of cell adhesion molecules that regulate growth factor 
function. Studies have suggested that Ig adhesion molecules may directly interact with growth fac- 
tor receptors (36,37). In fact, LUNCAM interacts with FGFreceptors (PCFRs) (38). These unique 
growth factor receptorkell adhesion molecule interactions may act to regulate angiogenesis by 
modulating signal transduction pathways. To this end, ligation of FGFRs has been shown to acti- 
vate signaling molecules, including PLCy and MAP kinase (3 1,38,39). Interestingly, MAP kinase 
activity has recently been demolistrated to contribute to new blood vessel development (40). 

TWEEN A N G I O G ~ ~ I C  GROWTH FACTORS 
LAR MATRIX COMPONENTS 

Expression of angiogcnic growth factors occurs throughout normal tissues (I 1,12), Therefore, it 
is likely that mechanisms cxist to control the activity of these angiogenic stimulators. As we have 
discussed above, direct molecular interactions between tyrosine kinasc receptors as well as inter- 
actions with distinct cell adhesion molecules may function cooperatively to regulate growth fac- 
tor activity. A third mechanism that may contribute to the regulation of growth factor activity is 
direct protein interactions with specific ECM components. The ECM is a complex network of fi- 
brous proteins, proteoglycans, and glycoproteins that interconnect to provide structural as well as 
biochemical regulatory functions for cells and tissues (41). Recent evidence suggests that direct 
protein-protein interactions between growth factors and ECM coniponents may provide an im- 
portmt mechanism to regulate growth factor activity (43-SO). For example, studies have indi- 
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cated that TNFa can directly bind to fibronectin and to a lesser extent laminin (45). Furthermore, 
matrix localization could regulate the capacity of TNF- a to hind to its receptor. Alternatively, the 
ECM may provide a highly concentrated storage area for TNF-a. These mechanisms may result 
in regulating both the bioavailability and biological activity of TNF-a. 

In addition to 'I'NP-a, bFGF also interacts with the ECM (43,44,47,49). In fact, FGF was 
shown to bind to heparan sulfate proteoglycans (HSPG), which are known components of the 
ECM (44,47). Moreover, studies have also suggested that FGF binding to EISPGs may enhance 
the association of FGF with its receptor and thereby potentiate its mitogenic activity (4447). 
Thus, ECM localization of bFGF may act to sequester high levels of growth factors into defined 
tissw microenvironments. Interestingly, studies have shown that spccific proteases including he- 
paranase and plasniin may release ECM-bound FGF (49). Protease-released FGF can bind to its 
receptor and potentiate mitogenic activity (49). Thus, ECM localization and subsequent release 
may be essential in the regulation of growth factor bioavailability and activity. 

Vascular endolhelial growth factor is expressed in a number of forms resulting from alter- 
native splicing of RNA (46,48,50). Specific isofoms that have been described include VEGF,,,, 
VEGF,,,, VEGF,,,, VEGFIx5, and VEGF,. VEGF,,, exists predominantly in a soluble form 
whereas VEGF,,,, VEGF,,S, and VEGF,,, are either cell associated or matrix bound (46,48,50). 
Interestingly, VEGF,,s may be present in both soluble and bound forms (46,48,50). Activity of 
VEGF is thought to be liinited due in large part to the expression of its cell surface receptors being 
primarily confined to cndothelial cells (46,48,50). However, like TNF-a and bFGF, VEGF is also 
capable of binding to ECM components (46,48,50). Interactions of VEGF with the ECM may be 
mediated by its ability to bind heparan sulfate proteoglycans. However, recent studies by Poltorak 
et al, (48) have suggested that the VEGF,,S isoform may bind to the ECM by a mechanism inde- 
pendent from sulfated glycosminoglycans. In fact, VEGF,,, was shown to bind to endotheliuni- 
secreted ECM that was devoid of sulfated glycosaminoglycans (48). Thcse findings suggest that 
whilc HSPGs may facilitate the binding of a number of growth factors, alternative components 
present in the ECM may also coiitribute to growth factor-ECM localization. 

~ E S I O N  MOLECULES AND ANGIOGENESIS 

An important characteristic of activated endothelial cells is enhanced expression of cell adhesion 
molecules (5 1-55). Cell adhesion molecules can be grouped into at least four distinct families, 
including cadherins, selectins, immunoglobulin (Ig) super gene family members, and integrins 
(52,54). Cadherins, selectins, and Ig family members predominantly mediate cell-cell interac- 
tions, while members of the integrin family promote ccll-matrix interactions (52,54). Integrin re- 
ceptors, however, can also promote cell-cell interactions (5254). Traditionally, cell adhesion 
molecules werc thought to contribute to angiogenesis by facilitating cell-cell or cell-ECM inter- 
actions. However, exciting new studies have provided intriguing evidence that the view of cell ad- 
hesion molecules as molecular glue may be only a small part of their diverse functions. I' +or ex- 
ample, integrins not only facilitate physical associations betwecn other cells and the ECM, but 
also have the capacity to transnlit biochemical information froin outside the cell to thc intcrior 
and from the inside of the cell to the outside, thcreby mediating bidirectional signaling (56). Thus, 
integrins allow cells to sense their immediate extraccllular surroundings and, in turn, respond to 
changes in their dynamic microenvironment. These integrin-mediated signaling pathways have 
been shown to involve changes in intracellular pH, fluxes in calcium concentrations, and protein 
phosphorylation (57,58). These biochemical changes may activate signaling molecules including 
MAP kinascs, adapter proteins, and cytoskeletal dements, which in turn regulate processes such 
as cell adhesion, migration, invasion, gene expression, and differentiation (56-56). 
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Cadherins, selectins, and members of the Ig superfamily are also thought to contribute to 
signal transduction pathways (59,60). For example, cadherins intcract with intracellular acces- 
sory proteins called catenins that help potentiate signal transduction (59,60). Interestingly, stud- 
ies show that cell adhesion molecules such as integrins and cadherins may function cooperatively 
to regulate complex cellular behavior such as migration (59,60). 

The development of new blood vessels is thought to require adhesive cellular processes, 
such as endothelial cell adhesion, invasion, and migration. In fact, function-blocking antibodies 
directed to specific adhesion molecules block endothelial tube formation in vitro and angiogenc- 
sis in vivo (52,53,55). While the well-established function of cell adhesion molecules in promot- 
ing physical associations likely plays an active role in neovascularization, cooperative molecular 
interactions with other angiogenesis regulatory molecules may also contribute to the angiogenic 
cascade. 

Vi. INTEGRIN-PROTEASE INTERACTIONS IN 
REGULATION OF ANGIOGENESIS 

Recent studies suggest that integrins can interact with an array of molecules other than ECM pro- 
teins (Fig. 2). In fact, integrins have been shown to associate with growth factors and growth fac- 
tor receptors, other cell adhesion molecules, intracellular signaling molcculcs, cytoskeletal ele- 
ments, as well as a number of tetraspin transmembrane molecules (61). Interestingly, recent 
studies have now added a new lamily of molecules shown to associate with integrins, including 
proteolytic enzymes and their receptors (62-67). 

Two major categories of proteol ytic enzymes that contribute to new blood vessel develop- 
ment include serine proteases and members of the matrix metalloproteinase (MMP) family. Re- 
cent evidence suggests that serine proteases, such as thrombin, as well as protease receptors, in- 
cluding the urokinase plasrninogen activator receptor @PAR), can directly interact with members 
of the integrin family (65,67). Thrombin is a multifunctional serine protease which can cleave a 
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Figure 2 Integrin-mediated molecular interactions. Schematic representation of the diverse set of molec- 
ular interactions in which integrin receptors arc thought to participate. These molecular interactions may 
contribute to the mechanisms by which integrins regulate angiogenesib. 
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number of ECM proteins and convert fibrinogen to fibrin (68,69). Moreover. thrombin can stim- 
ulate cellular proliferation, migration, and activation of other proteases including MMPs and the 
transglutaminase factor XIIIa (70,7 I). Thus, thrombin may contribute to angiogenesis by regu- 
lating a number of mechanisms, including cell proliferation, migration, and ECM remodeling. In- 
terestingly, thrombin contains the integrin tripeptide recognition motif RGD (70). Studies have 
suggested that the integrin avp3 can specifically interact with thronibin (67,70). In fact, in recent 
studies by Byzova and Plow, it was shown that prothrombin can specifically bind to avp3 intc- 
grin when avp3 is activated (70). Moreover, the related vitronectin receptor aJIb p3 can also bind 
thrombin (70). 

In addition to thrombin, another example of a protease (transglutaminase) interaction with 
integrins is the association of Factor XIIIa with avpl ,  aIIb p3, and avp3 (62,73,74). Factor XJIIa 
contributes to the stabilimtion of blood clots by facilitating crosslinking of fibrin monomers (71, 
7574). Factor XIlla can also contribute to ECM alterations by interacting with fibronectin, col- 
lagen, and thrombospondin (7 1,73,74). Besides protein cross-linking, recent studies by Ueki el 
al. (62) suggest that Factor XIlIa may contribute to cell adhesion by promoting cellular interac- 
tions through integrin receptors such as avp3 and pl . Again, molecular cooperation between en- 
zymes and cell adhesion molecules may represent unique mechanisms to regulate neovascular- 
ization by regulating endothelial cell adhesion, migration, and proteolytic activity. 

The functional activity of proteases can be regulated by cell surface protease receptors (75). 
For example, the glycosylphosphatidyl inosi to1 (GP1)-linked cell surface receptor uPAR localizes 
proteolytic activity to close cell-ECM microdomains (75,76). In fact, antagonists of either uPA 
or uPAR have bcen shown to block endothelial tube formation in vitro and angiogcnesis in vivo 
(75-77). Interestingly, recent studies have shown that uPAR can associate with the avp3 and pl  
integrin receptors (65). These novel intcgrin-uPAR interactions have been suggested to regulate 
integrin functions such as cellular migration (75-78). Again, unique molecular cooperation be- 
tween distinct families of angiogenesis regulatory molecules may play important functions dur- 
ing the formation o f  new blood vessels by coordinating both proteolytic and adhesive cellular 
mechanisms. 

The MMPs are a group o f  metal dependent, matrix degrading cnLymes that collectively re- 
model most of the components of the ECM (79). Moreover, MMPs have been shown to play an 
important role in angiogenesis (80,s 1). In fact, antagonists of MMP activity block endothelial 
tube formation in vitro and angiogenesis in vivo (82,83). Similar to the serine proteases, MMP 
activily can he localized to the smface of invasive cells (63,64,79). While a number of serine pro- 
tease receptors have been identified, little is known concerning similar cell surface receptors for 
MMPs. Interestingly, recent studies have identified a subfamily of transmembrane MMPs (79). In 
addition, a novel family of membrane proteins has been identified called ADAMs (84). This fam- 
ily has the unique characteristic of having a disintegrinlinleb~n-like doniain as well as a metal- 
loproteinase domain (84). These membrane proteins combine both cell adhesive functions and 
proteolytic activity in one molecule. The existence of such a family of molecules suggests the 
functional importance oS molecular cooperation between integrins and MMPs. 

To this end, we as well as others have recently identified a unique example of molecular in- 
teractions between integrins and MMPs. Studies have indicated that the integrin avp3 can di- 
rectly bind to MMP-2 (63,64). This unique inleraction between MMP-2 and avg3 contributes to 
the localization of proteolytic activity to the surface of invasive cells (63,64). This protein-pro- 
tein interaction depends in part on the C-terminal hemopexin-like domain of MMP-2 (64). More- 
over, systcinic administration o f  soluble hemopexin domain was shown to disrupt MMP-2hvP3 
interactions, thereby inhibiting cell surface collagenolytic activity, angiogenesis, and tumor 
growth in vivo (64). Interestingly, recent studies by Partridge et al. (85)  have provided evidence 
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that MMP-9, a second member of the MMP family, is closely associated with PI integrins in focal 
contacts. While not demonstrating a direct protein-protein interaction, these studies suggest thal 
MllIP-9 may associate with PI intergrins (85). The possibility of a MMP-9@1 interaction is fur- 
ther supported by studies conducted by Pulli et al. (86) that suggest that a short peptide sequence 
present within the p I subunit can bind to MMP-9. 

In addition to integrins, other cell surface adhesion molecules may contribute to the regu- 
lation and localization of proteolytic enzymes. CD44 is a cell surface glycoprotein known to mc- 
diate both homophilic cell-cell interactions as well as cell-ECM interactions (87,89). CD44 has 
been suggested to cooperate with Pl  integrins in the regulation of cell adhesion and migration 
(89). Moreover, studies have also suggested that CD44 may contribute to angiogenesis by regu- 
lating endothelial cell adhesion, proliferation, and migration (87-89). Importantly, jn studies by 
Bourguignon and others, evidence was provided that CD44 may contribute to the localization of 
MMP-9 to the surface of invasive cells (85). Taken together, these findings suggest that unique 
molecular interactions between cell adhesion moleculcs and prolcolytic enzymes may function to 
coordinate adhesive and proteolytic activity on the cell surface, which may have a dircct impact 
on angiogenesis in vivo. 

ECULAR INTERACTIONS BETWEEN INTEGRINS 
TETRASPAN MOLECULES 

Tetraspan molecule (TM4) proteins are cell mcmbranc proteins that are thought to span the 
plasma membrane four times (90). Studies have shown that specific TM4 proteins, including 
CD9, CD63, CD81, and CD151, can interact with integrins. CD9, CD63, and CD81 have been 
suggested to regulate cell adhesion and migration (90). Interestingly, CD9, CD63, and CD8 1 have 
been shown to interact with integrin a3p1, as well as a6pl  (90). CD151 was also shown to in- 
teract with integrin a5Pl (91). In recent studies by Yanez-Mo et al. (92), it was shown that 
CD81RAPA-I and CD151E'ETA-3 were specifically associated with endothelial cell-ccll junc- 
tions (92). Moreover, function-blocking antibodies directed to these membrane proteins blocked 
endothelial cell migration and invasion into collagen gels (92). These findings suggest that 
CD15 1, and CD81-integrin complexes may regulate endothelial cell-cell associations as well as 
cellular motility, processes known to contribute to vessel formation. 

LAR INTERACTIONS BETWEEN INTEGRINS 
AND CYTOSKELETAL/CYTOPLASMIC PROTEINS 

Integrin ligation and subsequent receptor clustering have been suggested to promote integrin-de- 
pendent signal transduction (93,94). Numerous studies have provided evidence that the cytoplas- 
mic tails of integrins interact with cytoskeletal and cytoplasmic proteins (93,94). Some of these 
proteins include a-actinin, talin, and filamin (93,94). These proteins have been shown to interact 
predominantly with the cytoplasmic tails of the @ chains of integrins, thereby linking integrins to 
the actin cytoskeleton (93,94). In addition, integrins interact with cytoplasmic tyrosine kinases in- 
cluding ppl 2.SFAK, and pp591LK (93,94). Moreover, the cytoplasmic adapter proteins paxilin, shc, 
and cavcolin-1 also interact with integrins (93-96). Integrin interactions with these cytoplasmic 
adapter proteins may depend on integrin ligation of specific ECM components (95,96). This com- 
plex set of molecular interactions leads to the activation of MAP kinase and Ras signaling path- 
ways, which have been suggested to regulate cellular processes involved in angiogenesis (93-96). 
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Studies by Lindberg el al. (97) have identified a novel molecular interaction with p3 ink- 
grins. Integrin p3 and alIb p3 were shown to interact with a protein tenned integrin-associated 
protein (1AP). Integrin-associated protein was later determined to be similar to CD47, a putative 
5-pass membrane ion channel that facilitates integrin-dependent calcium entry into endothelial 
cells (98,99). Importantly, fluxes in intracellular calcium have been suggested to regulate angio- 
genesis (100). In fact, antagonists of calcium fluxes have been shown to inhibit neovasculariza- 
tion (100). While this is only a partial list of proteins that interact with inlegrins, it does demon- 
strate the diversity and complexity of molecular-integrin interactions that may contribute to 
angiogenesis. 

IX. MOLE~ULAR INTERACTIONS BETWEEN DISTINCT 
CELL ADHESION MOLECULES 

Homophilic and heterophilic molecular interactions between distinct cell adhesion molecules 
may contribute to vessel formation. During the initiation of angiogenesis, cell-cell interactions 
may be disrupted to allow endothelial cell invasion and migration from the preexisting vessels. In 
contrast, during the maturation phase of angiogenesis, the reestablishment of cell-cell interac- 
tions is likely necessary for the formation of a functional vessel (101). In this regard, cell adhe- 
sion molecules known to facilitate cell-cell interactions, such as cadherins, selectins, and Ig super 
gene family members, are likely critical players in the mgiogenic cascade. 

PECAM- 1/CD3 1 is a member of the lg super gene family of cell adhesion molecules. Stud- 
ies by Delisscr et al. ( 1  02) demonstrated that function-blocking antibodies directed to PECAM- 
1 block endothelial tube formation in vitro and bFGF-induced angiogenesis in vivo. Interestingly, 
PECAM-I/CD31 has been shown to directly interact with the vascular iutegrin avp3 (36). This 
unique interaction between PECAM-UCD31 and avp3 is thought to depend on a protein se- 
quence within domain 2 of PECAM-IKD3 1 (36). The unique interaction between PECAM- 
llCD31 and avP3 may contribute to angiogene by regulating endotheli a1 cell adhesion and 
migration, or perhaps by modulating signal transduction pathways. Other examples of hetero- 
typic interactions between Ig cell adhesion molecules and integrins include LI-CAM and avp3, 
and VCAM-1 and a4pl  (37,103). 

Interestingly, studies by Koch et al. (104) have implicated E-selectin as well as VCAM-1 in 
angiogenesis. In these studies, soluble E-selectin was shown to induce angiogenesis which was 
dependent on interactions with endothelial cell surface sialy Lewis X (104). In contrast, the abil- 
ity of soluble VCAM-1 to induce angiogenesis was dependent on interactions with integrin a4p1 
(104). Taken together, these findings provide further evidence that unique heterophilic and ho- 
mophilic molecular interactions between cell adhesion molecules may contribute to the regula- 
tion of neovascularization. 

CULAR INTERACTIONS BETWEEN CELL ADHESION 
CULES AND ECM PROTEINS 

The vast biocheniical information contained within the ECM is transmitted to the cells, in large 
part, by molecular interactions with integrin receptors. Integrin receptors show both highly se- 
lective as well as overlapping binding specificity for distinct ECM components (56). 

Direct molecular interactions between integrin receptors and specific BCM proteins have 
been shown to regulate angiogenesis by a number of biochemical mechanisms. For example, 
a5p1, which has been suggested to play a role in angiogenesis, binds to the 120-kD cell-binding 
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domain of fibroiiectin and upregulates the expression of a number of MMPs, including MMP- 1, 
MMP-9 and stromelysin (10s). In contrast, ligation of the CS-1 region of fibronectin by integrin 
a4pl suppressed MMP expression (105). In other studies, ligation of vitronectin by uvp3 inte- 
grin resulted in enhanced MMP-2 mRNA and protein levels (106). Importantly, all of these 
MMPs have been shown to contribute to angiogenesis (80-83). In addition to regulating protease 
production, studies indicate that integrin ligation of collagen, laminin, fibronectin, and vitronectin 
can regulale endothelid cell proliferation, adhesion, migration, differentiation, and cell survival 
(56). Taken together, these unique molecular interactions provide vascular cells with a complex 
set of mechanisms to tightly control neovasculariLation. 

1. NZYMES AND REGULATION OF ANGIOGE 

As mentioned above, two families of proteolytic enzymes that are thought to play critical roles in 
ECM remodeling include serine proteases and MMPs (80-83). An important example of this con- 
cept is the plasminogen activator (PA)-plasmin system (75-78). Critical components of this sys- 
tern include the serine proteases urokinasc plasminogen activator (UP/\) and tissue plasminogen 
activator (PA) (75-78). Both uPA and tPA can convert the zymogen plasminogen to the broad 
spectrum serine protease plasinin (75-78). In turn, plasmin can degrade a variety of EGM com- 
ponents, including fibronectin, lanlinin, proteoglycans, and gelatin (75-78). Interestingly, plas- 
min has been shown to activate zymogen forms of certain MMPs as well as latent elastase 
(79 -81). Thus, molecular cooperation between the PA-plasmin system and MMPs niay help reg- 
ulate proteolytic degradation of the ECM. 

Matrix metalloprotcinases are a large family of metal-dependent enzymes that, in general, 
share a common domain structure including a pro-domain, a metal-dependent catalytic domain 
and a C-terminal hcmopexin-like domain (79-83). Matrix rnetalloprotcinases can cleave a vari- 
ety of ECM components, including distinct forms of collagen, fibroiiectin, and latninin, as well 
as some proteoglycans (79-83). While the PA-plasmin system can cleave many of the same sub- 
strates as members of the MMP family, distinct differences are also evidenl. For example, base- 
nient membrane collagen type IV is highly resistant to serine proteolytic attack in its native triple 
helical form (79-83). Since a major component of the subendothelial bascment mcmbranc of 
blood vessels is collagen IV, and since angiogenesis likely involves vascular cells crossing this re- 
strictive barrier, proteolytic remodeling of collagen IV is likely a critical event in facilitating an- 
giogenesis. To this end, both MMP-2 and MMP-9 have the unique ability to spccifically cleave 
native ti-iplc helical collagen TV (79-83). 

II. TERACTIONS IN R ~ G U L A T I O ~  

Proteolytic enzymes play an important role in neovascularization, however, this proteolytic ac- 
tivity must bc regulated to prevent excessive proteolytic destruction. Excessive proteolytic degra- 
dation may lead to destruction of matrix components, which could in turn hinder cell adhesive 
processes, such as migration and invasion. Thus, it i s  likely that a critical balance exists between 
proteolytic activity and its inhibition to allow optimal ECM remodeling. To this end, at least four 
naturally occurring inhibitors of MMPs have been identified and are collectively called tissue in- 
hibitors of metalloprokinases (TIMPs) (107). A similar set of naturally occurring protease in- 
hibitors, PAIs (plasminogen activator inhibitors), have been identified for the PA-plasmin system 
(75,78). These naturally occurring protease inhibitors have been shown to regulate angiogenesis 
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in vivo (108,109). These protease inhibitors can bind specifically to the active sites of their rc- 
spective enzymes and thereby block catalytic activity (107,81). However, recent evidence sug- 
gests that this mode of action may not be the only way these inhibitors function. For example, 
TIMP-2 can bind to the noncatalytic C-terminal hemopexin-like domain of MMP-2 (107). It has 
been suggested that this unique molecular interaction stabilizes the proenzyme as well as helps to 
facilitate localization to the cell surface (107). In other studies, it has been suggested that specific 
TIMPs may directly regulate cellular growth; however, the mechanisms by which TIMPs facili- 
tate this function is not understood (1 10). These unique functions and molecular associations add 
to the potential mechanisms by which protcolytic activity may be controlled. 

As mentioned above. the PA-plasmin system also has its own set of protease inhibitors 
termed PAIs. As with the TlMPs, PAIs can bind to the active site of uPA and block its enzymatic 
activity (75,81). A number of studies have provided evidence that PA1 can bind to ECM proteins 
such as vitronectin (75,8 1 ) .  In fact, Staffanson et al. (1 11) demonstrated that PA1 can disrupt vas- 
cular cell migration by blocking avP3 intergrin access to vitronectin. In studies by Planus et al. 
( 1  12), it was shown that immobilized PAI- 1 can potentiate cell adhesion and migration as a result 
of interactions with uPA ( I  12). In further studies, it has been suggested that the GPI-linked uPA 
receptor uPhR can specifically interact with vitronectin ( I  13). Taken together, it is becoming in- 
crcasingly obvious that while protease-protease inhibitor interactions play an important role in 
regulating angiogenesis, a number of unique molecular interactions between proteases and cell 
adhesion molecules may also contribute to the regulation of neovascularization. 

XIII. ATRlX COMPONENTS AND 
GlOGENESlS 

The ECM is a complex mixture of fibrous and adhesive glycoprotein and proteoglycans that are 
interconnected to form a network-like structure. A partial list of the major components of the 
ECM includes collagen, laminin, enactin, fibronectin, thrombospondin, fibrinogen, and vitro- 
nectin (41,42). IIistorically, the ECM was thought to primarily function as an inert scaffold to pro- 
vide structural and mechanical support for cells and tissues. However, a number of biochemical 
and molecular studies have shown that the ECM can actively regulate a variety of cellular and bio- 
chemical processes. 

Cellular interactions with the ECM and subsequent activation of signal transduction path- 
ways play critical roles is angiogenesis. For example, disrupting the interactions of integrins 
1x433, avp5, a l P l ,  a2b1, a@l, and a6pl with ECM proteins has been shown to inhibit angio- 
genesis (1 14-1 17). While integrin-ECM interactions are clearly important in controlling angio- 
genesis, other molecular interactions with ECM proteins may be of equal importance. As dis- 
cussed above, ECM proteins bind to a variety of molecules known to regulate angiogenesis, 
including growth factors. Localization of these angiogenic growth factors to the ECM could mod- 
ulate their bioavailability, capacity to interact with their receptors, and thus their ability to facili- 
tate angiogenesis. 

In addition to localizing growth €actors, ECM components bind proteolytic enzymes as 
well as protease inhibitors. For example, the serine protease thrombin can be localized to the 
ECM through a short anchorage binding site (amino acids 367-380 of the b chain) ( 1  18). This in- 
teraction is thought lo depend on thrombin's ability to bind to derrriatin sulfate within the ECM 
(1 18). Importantly, this ECM-bound thrombin was not inhibited by antithrombin In, a physio- 
logical inhibitor of thrombin (I  18). These findiiigs suggest that the ECM-bound thrombin may be 
protected from interacting with specific inhibitors and thus may remain active and possibly retain 
its capacity to participate in cellular interactions. These unique interactions may facilitate local- 
ized ECM remodeling and/or potentiate cellular initogenicity mediated by thrombin. 
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Finally, the ECM may regulate protease activity by sequestering specific protease in- 
hibitors. For example, the serine protease inhibitor PAL 1 has been shown to be bound to the ECM 
by direct interactions with vitronectin (75,8 I ) .  Moreover, studies have indicated that TIMP-3, a 
MMP inhibitor was also associated with the ECM ( I  07). Thus, unique molecular interactions be- 
tween ECM proteins and integrins, proteases, protease inhibitors, and growth factors may all con- 
tribute to the complex mechanisms by which molecular cooperativity may regulate neovascular- 
ization. 

XIV. CONCLUSIONS 

An explosion of biochemical and molecular information over the past decade has clearly demon- 
strated that angiogenesis is an important and highly complex physiological process. In fact, an- 
giogenesis has been shown to regulate a variety of normal and pathological processes (3-5). Thus, 
understanding the complex control mechanisms that regulate new blood vessel growth could havc 
profound implications in the development of effective approaches for the treatment of a diverse 
set of human diseases. 

It is becoming increasingly clear that the wide array of molecules that arc known to regu- 
late angiogenesis do not necessarily function in isolation, but are rather interconnected in a con- 
tinuum of biochemical and cellular events (Fig. 3) .  Understanding these unique molecular inter- 
actions involved in angiogenesis may provide novel approaches for the design of effective new 
drugs to regulate neovascular diseases. For example, an alternative approach for directly target- 
ing proteolytic activity might be to prevent the localization of these enzymes to the cell surface 
by blocking unique protease-integrin interactions. 

In this regard, we have discussed the molecular cooperation among four major families of 
molecules that are known to regulate angiogenesis, including growth factors and their receptors, 
cell adhesion molecules, proteolytic enzymes, and extracellular matrix proteins (see Fig. 3). 
Moreover, instead of focusing on the individual functions of these molecules, we have provided 
examples of how these diverse scts of proteins may function in a cooperative manner to regulate 
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Figure 3 Molecular cooperation between angiogenesis regulatory molecules. Angiogenesis depends on 
the functions of a number of distinct families of molecules, including cell adhesion molccules, proteases, 
growth factors, and ECM proteins. Importantly, the functions of these molecules may be tightly regulated 
by a complex network of molecular interactions. Molecular interactions antong these families of molecules 
may play a critical role in regulating new blood vessel development. 
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angiogenesis and neovascula diseases. Thus, understanding the development of new blood ves- 
sels in terns of molecular cooperation may shed new light on this fascinating and complex pliys- 
iological process. 
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The etiology of the systemic vasculitides is largely unknown and their pathogenesis remains in- 
completely understood. Therefore, current classification schemcs for the vasculitides reflect din- 
ical phenomenology avid characteristic histopathologic features such as the size of affected ves- 
sels, presence of granulomas, or eosinophilic tissue infiltration (1-4). 

Animal models have been sought to study cellular and molecular pathomechanisms or vas- 
culitis in vivo and to explore novel mechanisms-based therapeutic modalities. While the validity 
of extrapolating animal data to human disease can always be challenged, it is obvious that valid 
animal models allow studies under tightly controlled conditions that can address specific ques- 
tions about pathogenic mechanisms or the effect of novel therapies that could not be performed 
in humans. Ideally, the phenotype of an animal model should resemble that o f  the human disease. 
In recent years, animal models have provided valuable information about the role of genetic sus- 
ceptibility, environmental cofactors, proinflammatory mediators, cellular mechanisms, and new 
mechanism-based treatment modalities for a wide variety of diseases, including auloimmunc dis- 
orders and vasculitis. Rodent models are particularly appealing because the genetic background 
of the animals is controlled and the period of gestation and the life span of the animals are rela- 
tively short, allowing investigators to assess the disease and effect of interventions readily. 

The choice of the species for animal experimentation is influenced by many-mostly prac- 
tical-considerations. Mice have the advantage that their immune system is very well character- 
ized, and an abundance of secondary reagents facilitating work in the murinc system is available. 
In addition, the techniques for genetic manipulations to generate transgenic or knockout animals 
to study the biological functions and pathogenic roles of particular molecules is most advanced. 
The relative disadvantage of mice is their small size, which renders surgical manipulations more 
difficult and limits the amount of biological material available from an individual animal for lab- 
oratory investigations. Tn this respect, larger animals such as rats, rabbits, or guinea pigs arc prcfer- 
able. 

There are essentially two categories of animal models: inbred strains of animals that de- 
velop vasculitis spontaneously, and animals in which vasculitis can be induced by certain cxper- 
imental manipulations. In addition, mice with specific immune defects, such as the severe com- 
bined immunodeficiency (SCJD) mouse, have been used for the in vivo study of pathogenic 
mechanisms of human vasculitis. This chapter focuses primarily on rodent disease phenotypes 
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that have been proposed as models for spccific types of human vasculitis. The models reviewed 
are listed in Table 1. 

I I .  

A. The M R L / ~ p - / ~ r / / ~ r  Mouse 

The MRL-Eprmouse has been proposed as model of systemic lupus erythematosus (SLE) because 
or its similarities with the human disease, including autoantibody development, imiune com- 
plex-mediated glomerulonephritis, and vasculitis. MRL-lpr mice are homozygous for the gene 
lpr; which is a defectivefus gene. The nornialfus-gene product, Fas, is a tumor necrosis factor 
(TIW)-type cytokinc receptor that transduces a signal causing apoptosis of the Fas-bearing cell 
when it interacts with its ligand. As Fas-induced apoptosis is involved in clonal deletion of au- 
toreactive lymphocytes, the MRL-Zpr mice are thought to develop their phenotype as a conse- 
quence of inappropriate persistence of autoreactive lymphocytes (5,6). The animals sponta- 
neously develop hypergammaglobulinemia and high levels of IgG autoaiitibodies, including 
anti-DNA antibodies, in association with immune-complex mediated glomerulonephritis, vas- 
culitis affecting small and medium-sized arteries and venules, and progressive lymph node and 
spleen enlargement. The disease has a very reproducible time course. Mild disease is detectable 
at about 8 weeks, and by about 24 weeks, 50% of the animals die of progressive glomeru- 
lonephritis or vasculitis-related hemorrhage. 

Even though the MRL-Zpr mouse represents a very appealing model for SLE and vasculi- 
tis, the data derived from this model need to be interpreted with the understanding that it does not 
exactly mirror the human disease. While increased levels of soluble F a  protein, which might in- 
terfere with Fas-induced apoptosis, have been found in some patients with SLE, neither the Fas 
antigen mutation nor the significant lymphoproliferation of the MRL-lpr nlice are part of the 
human disease (7,8). 

Nevertheless, the model represents a useful tool to study novel mechanism-based therapies. 
For instance, it has been used to evaluate gene therapy modalities. Since the mitogen responsive- 
ness of T cells of MRL-Epr mice is defective as a result of insufficient intcrieukin-2 (IL-2) pro- 
duction, Huggins et al. (9) treated MRL-lpr mice by oral application of attenuated SulmonelZu 0- 
phimuriurn carrying murine genes encoding IL-2. The slow synthesis and rclease 0fIL-2 by thcse 
bacteria restored the defective T-cell response to mitogen and suppressed production of anti- 
dsDNA as well as the development of glomerulonephritis and vasculitis coinpared with control 
animals (9). When trCmsforming growth factor-pl (TGF-Pl) was supplemented in the same fash- 
ion, the incidence of vasculitis was increascd but the autoantibody response and glorneru- 
lonephritis were not affected (9). This study demonstrates the feasibility of a novel convenient 
gcne therapy approach to modify autoimmune disease in vivo. At the same time, it underscores 
the critical importance of vector and route of administration for the oulcome of cytokinc gcne 
therapy, as the results are quite different from those reported by others who used intramuscular 
injection of naked DNA ( 1  0)  or Vuccinia virus as vector for the delivery of the cytokines ( I  1). 

Most recently Harper et al. ( 1  2) have proposed the MRL-Zpr mouse as a model to study the 
pathogenicity of autineutrophil cytoplasmic antibodies (ANCAs) directed against myeloperoxi- 
dase (MPO). They demonstrated that the development of vasculitis in MRL-Ipr mice was related 
to the presence of MPO-ANCAs. While all female MRL-Zpr mice studied developed anti- 
(ds)DNA antibodies by 12 weeks, only 22% developed IgG MPO-autoantibodies aftcr 20 weeks. 
The observed anti-MPO autoantibodies caused a typical pennuclear ANCA staining pattern on 
ethanol-fixed human neutrophils (P-ANCAs). Unfortunately, it was not shown whether these 

INBRED STRAINS OF ANIMALS THAT DEVELOP 
VASC~LITIS SPONTANEOUSLY 
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Table 1 

Model designation Proposed model for Major insights gained 

Rodent Models of Vasculitis 

MRIIMp-lpr/kpr mouse Systemic lupus erythe- 
matosus; MPO- 
ANCA-associatcd 
vascnlitis 

McH5-lpYZpr mouse 

SCG/Kj mouse 

HgC12-trcaled rodents 

MPO-immunized BN rats 

Autoantibody-imniunized 

Lactobacillus casei- 
Balbk mice 

injected C57BL/6 mice 

Herpesvirus infection of 

Granulomatous arteritis 

MPO-ANCA-associated 
glomeruloiiephritis 

Autoimmune systcmic 
necrotiLirig vasculitis 

MPO-ANCA-associated 
glomerulonephritis 
and vasculitis 

Variety of autoimmune 

Kawasaki disease 
disorders 

Large-vessel vasculitis 
A c e  (CMV and yHV68) 

Human arlery SCTD mouse Human giant cell arteritis 
chimera 

Defect in T-cell apoptosis leads to autoimmune 
disease. 

Different autoantibodies may be associated wilh 
differcnt disease phenotype. 

Infections modulate disease phenotype. 
Useful tool for therapeutic studies. 
Disease phenotype is restricted by combination 

of background genes. 
Disease phenotype is restricted by conibinatioii 

of background genes. 
Genetic defect causing autoimmunity is confined 

to hematopoietic stem cell compartment. 
Mast cells involved in early vasculitis phase. 
Th2 cells instrumental for late phase vasculitis, 

Infections modulate disease phenotype. 
Anti-MPO alone do not cause disease. 
Anti-MPO modulate disease severity. 
Interaction of anti-MPO with target antigen may 

be required for effect. 
Location of disease manifestation is determined 

by location of anti-MPO/MPO interaction. 
Modulation of idiotypic network may coiitribute 

to disease development. 
Macrophagcs and intact complement system are 

required for this discase. 
Endothelial cells may play an active role in 

pathogenesis. 
Useful tool for therapeutic studies. 
Infections can induce vasculitic lesions. 
Inflammatory rcaction is modulated by the pres- 

IF"-y appears to protect the hort from vasculitk. 
Suggests a link between infection, vascular in- 

Giant cell arteritis is an antigen-driven T celi-dc- 

Ideal tool to study mechanism-based therapeutic 

while Thl cell., are protectivc. 

ence of viral antigen. 

flammation and atherogenesis. 

pendent disease. 

strategic?. 

polyreactive autoantibodics also react with the murine homologue of MPO or murine neutrophils. 
Sixty percent of Lhe anti-MPO-positive mice developed vasculitis, compared with only 18% of 
the anti-MPO-negative mice. The late phase VdSCUlitiS observed in association with anti-MPO au- 
toantibodies was clearly distinct from thc early phase immune complex-mediated disease of anti- 
MPO-negative animals. Anti-MPO-positive mice had a clear survival advantage in comparison 
with anti-MPO-negative littermates, of which most succumbed to a clinical syndrome consisting 
of severe lupus nephritis, pulmonary edema, and thrombosis. 
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The fact that only 60% of anti-MPO-positive mice developed vasculitis suggests that other 
additional cofactors are required for the development of disease. Indeed, vasculitic lesions were 
less severe in animals treated with ivermectin and teramycin, implying a diseasemodifying role 
of infeclions. 

Seven hybridomas secreting anti-MPO-IgC were isolated from two ME-Zpr mice. For one 
of these, reactivity with inurine neutrophils and activated human neutrophils as well as confor- 
mational epitopes of human myeloperoxidase were demonstrated. The authors also refer to yet 
unpublished data indicating that vasculitis can be induced in cytokine-primed recipients of this 
inonoclonal anti-MPO antibody. Such a transfer experiment would directly support the patho- 
genicity of MPO-ANCAs in vivo. 

Nose et al. (13) have demonstrated that the vasculitis of MRL-lpr mice can be genetically segre- 
gated from glomerulonephritis, arthritis, and sialadenitis, as well as from autoantibody produc- 
tion. A vasculitis-prone strain, designated McHS-lpr/lpr was established by rearanging the ge- 
netic background of MKL-lpr mice through hybridization with an autoimmune resistant strain of 
mice, C3WHeJ-lprApr (C3H-lpr) (13). They found that 94.4% of McH5-lpr mice developed a 
granulomatous arteritis predominantly involving the kidneys, but only 8.3% of these animals de- 
veloped glomerulonephritis. This is in contrast to 86 and 98.2% of MRL-lpr mice developing vas- 
culitis and glomerulonephritis, respectively. Lymphadenopathy and splenomegaly were equally 
severe in McHS-lpr mice as in MRIApr mice. Necrotizing small-vessel vasculitis with fibroid de- 
generation of vessel wall frequently seen in the salivary glands of MRL-Zpr mice was not detected 
in McH5-lpr mice. Serum levels of anti-DNA and anti-MPO, but not of  IgG rheumatoid factors, 
werc significantly lower in McH5-Zpr mice than in MRL-Zpr mice. Therefore, autoantibodies, 
even though associated with the development of glomerulonephritis, may not be required for the 
development of the granulomatous vasculitis in this particular model (1 3). Furthermore, the ap- 
pearance of systemic vasculitis in autoimmune disease as well as the predilection for specific or- 
gans appears restricted to a particular combination of background gencs (1 3). Others have cor- 
roborated this interpretation using quantitative trait locus mapping studies. Using diflerent strains 
of backcrwss mice with distinct clinical phenotypes, various Lpr modifier genes responsible for 
preferential development of vasculitis, autoantibody production, glomerulonephriti s, and lym- 
phoproliferation have been identified (14-17). 

Another derivative of the MRL-Zpr mouse is the recombinant inbred SCWKj strain. It was estab- 
lished by Kinjoh and colleagues et al. ( 1  8) by sclectively mating siblings of (BXSB x MRL/Mp 
lpr/Zpr) F1 mice that had developed crescentic glomerulonephritis, and subsequent inbreeding of 
the progeny for 40 gencrations. These mice spontaneously develop crescentic glomerulonephri- 
tis, nccrotizing vasculi tis afkcting predominantly small arteries and arterioles of spleen, stomach, 
heart, uterus and ovaries, as well as massive lymphoproliferation at age 4 to 6 weeks. This au- 
toimmune disease leads to premature death in 50% of the mice by the median age of 16 weeks. 
The renal lesions include scant immune deposits, hypertrophy of the glomerular epithelium, fb- 
rin depositions, and extragloinerular hemorrhage and cellular proliferation within the Bowman’s 
space forming characteri slic crescents. Hypergammaglobuliiiemia and autoantibodies including 
anti-MPO are also a prominent feature of the autoimmune response. The severity of the glomeru- 
lar lcsions and of the systemic vasculitis is associated with the titers of circulating anti-MPO 
(18). Because of this association and because the severity of lhe inflammatory renal lesion is 
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thought to be out of proportion to the observed immune deposits, thc SCG/Kj mice have been pro- 
posed as a model lor MPO-ANCA-associated glomerulonephritis and vasculitis. However, it re- 
inains difficult lo attribute the lesions solely to anti-MPO as the lesions could not be induced in 
nude mice by transfer of monoclonal anti-MPO producing hybridomas developed from SCG/Kj 
mice (19). 

When SCG/Kj mice were engrafted with T-cell deplcted bone marrow from allogencic, 
MHC-compatible, autoimmune-resistent C3H/He donors, the median survival of the recipients 
was extended by 89% compared with controls and the development of renal lesions was prevented 
in 50% of the recipients (20). The authors concluded that the molecular genetic lesions responsi- 
ble for the autoimmune pathology of SCG/Kj mice are confined to thc hcmatopoietic stern cell 
compartment (20). The authors also documented that the development of the renal lesions could 
be delayed in SCG/KJ mice subjected to dietary calorie restriction (21). 

111. 

A. Mercuric Chloride-Treated Rodents 

Agents such as mercuric cbloridc (HgCI,), D-penicibmine, or the gold salts can cause an au- 
toimmune disease in certain strains of rats and inice by inducing T cell-dependent polyclonal B- 
cell activation. In Brown Norway rats, the syndrome resulting from HgCl, treatment is charac- 
terized by lymphoproliferation and hypergamaglobulinemia, with particularly elevated IgE 
levels, which is taken as an indirect measure of Th2-like cell activity. This autoimmune pheno- 
type is associated with the presence o f  a variety o f  IgG autoantibodies, including antibodies 
against thyroid antigens, single- and double-stranded DNA, glomeiular basement membrane 
(GBM) (78), myeioperoxidase (MPO) (22), and phospholipids (23). Mathieson et al. (24) de- 
scribed a characteristic and reproducible disease phenotype consisting of inflammation and ul- 
ceration of the skin at the mucocutaneous junctions, periportal inflammation of the liver, necro- 
tizing leukocytoclastic vasculitis of the gut, and loci of alveolar hemorrhage in the lung, possibly 
caused by capillaritis. 

A genetic predisposition of Brown Norway rats for this autoimmune response to HgCl, is 
supported by the observation that Lewis rats failed to develop a similar autoimmune response or 
comparable tissue lesions in parallel control experiments (24). A siinilar genetic predisposition 
for the development of a specific autoiininune responsc to polyclonal R-cell stimulation by HgCI, 
has also been documented in mice (25). B10.S mice are susceptible to develop a systemic au- 
toimmune disorder, and preferentially activate their Th2 cells in response to HgCI, treatment, 
whereas B 10.D2 mice are resistant to HgC12-induced systemic autoimmunity and react by pref- 
erentially activating their Thl cells. 

Tn analogy to Harper's observations in MRL-lpr mice, modulation of the disease phenotype 
by infection could be observed in HgC1,-treated Brown Norway rats ( 1  2.24). The development of 
the tissue lesions, but not the autoantibody response, was ameliorated by pretreatment of the ex- 
perimental animals with antimicrobial agents. This observation clearly indicates that environ- 
mental factors, such as infections, may represent essential cofactors for the development of vas- 
culitic lesions in the presence of autoantibodies, which is consistent with clinical observations 
that link infections to the onset or reactivation of systemic vasculitis. Furthermore, it may explajn 
why differenl laboratories find variations in disease phenotype as the spectrum of microbial in- 
festation may vary from animal facility to animal facility. 

This model has been used extensively to study celiular mechanisms involved in the devel- 
opment of vasculitic tissue lesions. CD8+ T cells are required for the resistance of experimental 

INDUCTION OF VASCULITIS IN RODENTS BY 
~XPERIMENTAL MANIPULATION 
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animals to rechallenge with HgCI, but not for the initial induction or subsequent spontaneous res- 
olution of the immune response (26). Subsets of CD4+ T cells preferentially expressing the Thl- 
type cytokines IL-2 and interferon-y (IFN-y) (CD4+ CD45RChgh) have a protective effect on the 
development of the tissue lesions that is not associated with a reduction in autoantibody response 
(27). A dissociation of autoantibody response and tissue lesions was also seen in response to 
treatment with cyclosporin A (28). While early treatment with cyclosporin A ameliorated the tis- 
sue lesions dnd reduced the autoantibody response, the reduction in autoantibodies seen during 
late treatment with this drug was associated with an aggravation of tissue lesions. This suggests 
that anti-GBM and anti-MPO are not required for the development of the tissue lesions in this 
model. Whereas the late phase of the vasculitis appears Th2 cell-mediated, the speed of onset of 
tissue injury suggests that cells other than T cells may be involved in the primary induction of vas- 
culitis (29). Indeed, mast cells appear to play a crucial role in the early phase of vasculitis, which 
is T-cell independent (30). Mast cells are a source for IL-4, which appears to be required for the 
differentiation of Th2 cells. Interleukin-4 gene expression was detected during the early phase of 
the disease in the tissue lesion (3 l), and HgC1, and other agents were found to directly induce 
IL-4 expression in mast cells from Brown Norway rats, but not from autoimmune resistant Lewis 
rats (32). Decomplementation studies using cobra vcnom factor have indicated that the comple- 
ment system does not contribute significantly to the induction of autoantibodies or the effector 

This model has also been used to asscss the pathogenic role of MPO-ANCAs. Esnault et al. 
(22) documented that HgC1,-treated Brown Norway rats develop anti-MPO antibodies synchro- 
nously with anti-GBM antibodies. The autoantibody response is detectable after about 10 days of 
treatment, peaks at 12-1 5 days, and then resolves spontaneously. The anti-MPO autoimmune re- 
sponse appears independent of the anti-GBM autoimmune response. The rat anti-MPO antibod- 
ies recognized human MPO and apparently bind to similar determinants on the MPO heavy chain 
as human MPO-ANCAs but their cross-reactivity with rat MPO was not reported. No clear rela- 
tion of the presence of anti-MPO antibodies to the disease phenotype was described even though 
the authors claim a higher mortality in animals with high titers of anti-MPO. A direct pathogenic 
role for MPO-ANCAs has not been demonstrated in this model as the disease could not be in- 
duced by transfer of serum from experimental animals with circulating antibodies to untreated an- 
imals (34). However, the authors were unable to detect anti-MPO antibodies in the recipient rats, 
rendering it uncertain whether the actual antibody uransfer was successful. 

The model of HgC1,-induced vasculitis has several fcatures resembling human systenlic 
vasculitis, and it has provided important insights into the cellular mechanisms involved in the de- 
velopment of the tissue lesions. Nevertheless, the role of autoantibodies, particularly of anti- 
MPO, for the development of vasculitis in this model remains unclear, The polyclonal nature of 
the antibody response and the coexistence of many different types of antibodies make it difficult 
to establish any causality between specific antibodies and tissue lesions. 

B. Immunization of Brown Noway Rats with Human MPO 

Significant clarification of the pathogenic role OF MPO-ANCAs has been obtained from a series 
of elegant studies performed in Brown Norway rats immunized with human MPO (35-41 j. 

The model was originally developed by Brouwer et a]. (3.5) to study pathomechanisms of 
ANCA-associated necrotizing crescentic glomerulonephritis. It is based on the immunization of 
Brown Norway rats with 10 pg of human MPO in complete Freund's ad-juvant supplemented with 
5 mg/ml H37Ra. Two weeks after immunization, the rats developed antibodies that reacted with 
human MPO and cross-reacted with rat MPO. The rats subsequcntly underwent unilateral perfu- 
sion of the left kidney with lysosomal extract containing MPO, but also PR3 and elastase, and 
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with the substrate for MPO, hydrogen peroxide (H202). In contrast to control animals, which had 
been sham-im~unized with adjuvant without MPO, the immunized animals developed a prolif- 
erative necrotizing crescentic glomerulonephritis closely resembling human disease in the per- 
fused kidney, but not in the contralateral nonperfused kidney (35). Transient immune deposits 
containing IgG, complement, and MPO detectable 24 hours after perfusion were no longer de- 
tectable 4 - 3  0 days after perfusion. 

This model for the first time provided evidence supporting a pathogenic role of MPO- 
ANCAs. Lesions did not develop in the absence of MPO-ANCAs. At the same time, these stud- 
ies indicate that the presence of MPO-ANCAs alone is not sufficient to cause disease, as perfu- 
sion with neutrophil lysosomal extract solution and MPO substrate, H202, was required to 
develop the lesion. Whether the presence of lysosornal enzymes other than MPO in the perfusate 
is responsible for the degradation of the immune complexes observed after 24 hours and possibly 
also for the phenotype of the lesion, remains unclear. 

In an attempt to reproduce Brouwer’s experiments, Yang et al. (37) immunized Brown Nor- 
way rats and spontaneously hypertensive rats with 25 pg of MPO emulsified with TiterMax. They 
detected similar lesions in perfused kidneys and the lesions were more severe in the hypertensive 
rats suggesting that hypertension aggravates the lesion (37). However, immune complexes were 
detected in both strains of rats throughout day 10 after perfusion of the kidneys with MPO and 
H,O, in the presence or absence of neutral proteases including proteinase 3 (PR3), elastase, and 
cathepsin G (37). The severity of the observed lesions was proportional to the degree of immune 
complex deposition, and the authors concluded that this model represents a model of immune 
complex-mediated rather than ANCA-associated pauci-immune glomerulonephritis (37). These 
conflicting findings may be the result of differences in immunization protocol or differences in 
lysosomal extract composition. 

When neutrophil lysosomal enzyme extract was infused systemically into Brown Norway 
rats 2 weeks following i ~ u n i z a t i o n  with human MPO, all rats developed perivascular mononu- 
clear cell infiltrates, granulomatous inflammation with giant cells, and fibrous tissue deposits in 
the lungs, as well as a segmental small-vessel vasculitis of the gut (39). Interestingly, other or- 
gans, including the kidneys, were not affected by this approach. When single lungs were perfused 
selectively, the described lesions were limited to the perfused lung (41). These findings suggest 
that the site of the lesion is determined by the localization of the interaction of MPO-ANCA with 
its target antigen and possibly the effect of other neutrophil lysosomal enzymes. 

The pathogenic role of MPO-ANCAs is further supported by their ability to aggravate sub- 
clinical antiglomerular basement membrane (anti-GBM) disease (38) and nephrotoxic serum 
nephritis in rats (42). These observations are of particular interest because about 30% of patients 
with anti-GBM autoantibodies also have detectable ANCAs (43). At least those patients with 
PR3-ANCAs and those with high titers of MPO-ANCAs have all had clinical features of systemic 
vasculitis in addition to anti-GBM-mediated glome~lonephritis (44-46). 

When Brown Norway rats immunized with human MPO were given subnephritogenic 
doses of rabbit anti-rat GBM, the animals developed severe glomerulonep~tis characterized by 
early onset of severe hematuria, marked proteinuria, and massive glomerular fibrin deposition. 
Crescent formation and fibrinoid necrosis of capillary loops, significant interstitial mononuclear 
cell infiltration, tubular necrosis, and atrophy were also detected on day 10 after application (38). 
In contrast, control-immunized rats given the same dose of anti-rat GBM developed only slight 
proteinuria and moderate intraglornerular accumulation of macrophages. While these experi- 
ments clearly indicate that MPO-ANCAs enhance renal injury, the mechanisms underlying this 
effect remain speculative. It is possible that anti-GBWGBM immune complexes as well as MPO- 
ANCAs may cause neutrophil degranulation with MPO release and binding to negatively charged 
structures, such as GBM and endothelial cells. Released neutrophil enzymes and reactive oxygen 
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metabolites resulting from the rcaction of active MPO with H,O, and halides could cause acute 
glomerular injury. The focal deposition of MPO/anti-MPO immune complexes is also thought to 
enhance the recruitment of inflammatory cells with subsequent further production of oxygen rad- 
icals and release of proteases. Finally, as suggested by in vitro experiments (4749), it is possi- 
ble that circulating anti-MPO increase cytokine synthesis by rnonocytes and neutrophils, and, 
thereby, contribute to further recruitment of inflammatory cells to the site of injury. 

Using a different system, Kobayashi et al. (42) made observations that seem to corroborate 
Heeringa’s findings. Wistar rats were given rabbit anti-rat MPO or normal rabbit serum in addi- 
tion to doses of rabbit anti-rat GRM that only induce mild glomerulonephritis by themselves. Rats 
given rabbit anti-rat MPO and rabbit anti-rat GBM developed a significantly more pronounced 
glornerular neutrophil influx, fibrin deposition, and proteinuria. Rat MPO could be detected in the 
glomeruli and anti-rat NIP0 was eluted from the kidneys, suggesting that the localized interac- 
tion of MPO and anti-MPO in the glomeruli may play a significant pathogenic role for the ob- 
served enhancement or the glomerular lesion. While these findings seem to support a pathogenic 
role for anti-MPO and appear to corroborate the notion that local MPO/anti-MPO interactions arc 
instrumental for the observed effects, the significance of the latter model for human ANCA-as- 
sociated vasculitis remains questionable because of the use of heterologous antisera. 

IIeeringa et al. (40) have subsequently applied their model to evaluate the role of nitric 
oxide (NO) radicals as potential mediators of anti-MPO-associated glomerulonephritis. Elevated 
nitrite and nitrate levcls were detected in the urine of experimental animals, indicating enhanced 
generation of NO. As early as 24 hours after kidney perfusion with neutrophil lysosomal extract 
and H,O,, endothelial NO synthase (eNOS) was markedly reduced as a result of endothelial cell 
necrosis. Prominent platelet aggregation was also apparent, which is consistent with the benefi- 
cial effects eNOS is thought to exert during inflammation by inhibiting platelet aggregation and 
neutrophil adhesion to the endotheliuin. Infiltrating neutrophils and monocytes in the glomeruli 
of perfused kidneys displayed strong expression of inducible NO synthase (iNOS) transiently 
with a pcak at 4 days after kidney perfusion. These findings suggest that during anti-MPO-asso- 
ciated glomerulonephritis, loss of protective NO production by eNOS and increased NO radical 
production by iNOS contribute to tissue injury. Exccssive NO production has also been impli- 
cated in the effector phase of tissue injury in the HgC1,-treated Brown Norway rats (SO). Specific 
inhibition of NO synthesis reduced the severity of tissue lesions substantially, but it did not affect 
the observed neutrophil infiltration or the original autoimmune response (SO). 

ice with Human Autoantibodies 

Shoenfeld and coworkers have proposed murine models to investigate the role of autoantibodies 
in the pathogenesis of vasculitis that are based on idiotypic manipulation of naive animals. Ths  
concept has been applied to the study or antiphospholipid antibodies (5  1), anti-DNA antibodies 
(52), ANCAs (S3,54), and antiendothelial cell antibodies (AECAs) (55). Mice are immunized 
with affinity-purified human IgG autoantibody (Abl, idiotype (Id)). These animals develop an 
anti-Id (Ab2), and after 2-6 months a proportion of animals develops an anti-anti-Id (Ab3) with 
identical binding characteristics to that of Ah 1. Animals with these antibodies develop histopatho- 
logical abnormalities that resemble autoimmune disease in humans. 

The idiotypic manipulation of mice with human PR3-ANCAs and AECAs are of particular 
interest with respect to the pathogenesis of small-vessel vasculitis (53-55). Mice immunized with 
an ANCA-enriched affinity-purified IgG fraction of sera from patients with active Wegener’s 
granulomatosis containing PR3-specific antibodies developed mouse anti-human ANCAs (Ab2) 
with peak titers occurring about 1 month after booster injection. Murine antibodies displaying re- 
activity with human PR3 (Ab 3) reached peak levels at 4 months. The reported histopathological 
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changes observed in mice immunized with c-ANCA IgC is quite intriguing. In a first experiment, 
all mice died between 8-1 5 months from sterile pulmonary abscesses. However, in the second ex- 
periment wilh c-ANCAs from a different patient, mice became ill at 8 months and displayed 
dense perivascular lymphocytic infiltrates suggestive of vasculitis. The mice also developed pro- 
teinuria and diffuse granular immune deposils in the glomeruli in the absence of light microscopic 
evidence of histopathological changes in the kidneys (53 j, 

While thc mice immunized with c-ANCA did not develop antibodies to dsDNA, cardio- 
lipin, histones, or pyruvate dehydrogenase, they did develop antibodies reacting with human 
MPO (54), as well as high titers of AECAs (53). The contributory role of these antibodies for the 
development of the described t 

Thc authors proposed this niodel of idiotypic manipulation with PR3-ANCAs as a model 
for Wegener’s granulomatosis (53) and concluded that it indicates a likely pathogenic role of 
ANCAs in vasculitis (54). However, these conclusions are rather controversial. The reproduci- 
bility of the tissue lesions remains unclear (5356).  The lack of granuloma formation and giant 
cells (54) as well as the presence of significant immune deposits in the kidneys of mice immu- 
nized with PR3-ANCAs (53) are not in line with the characteristic Wegener’s granulomatosis le- 
sions (57). Furthermore, a possible human PR3 contamination of the human c-ANCA prepara- 
tion used as the original immunogen cannot be excluded with certainty (56). Finally, the most 
significant question about the validity of the model is raised by the fact that human PR3-ANCAs 
do not cross-react with the murine PR3 homologue (58), which may explain why murine PR3 has 
eluded detection for a long time (56,59,60). 

A subsequent study from the same investigators demonstrated that AECAs may be the prin- 
cipal antibody species responsible for the histopathological changes observed in response to im- 
munization of naive mice with IgG fractions of sera from patients with active Wegener’s granu- 
lomatosis (55). AECA-enriched IgG fractions were prepared from anti-PR3-positive total plasma 
IgG of patients with active Wegener’s granulomatosis by depletion of anti-PR3 reactivity by ab- 
sorption using purified human PR3. The resulting preparation was PR3-ANCA- and MPO- 
ANCA-negative. Four months after immunization of BALB/c mice with this preparation, 3 of 10 
animals developed significant titers of murine AECAs (Ab 3) .  Sera of these mice lacked reactiv- 
ity with human cardiolipin, DNA, PR3, and MPO. Only the animals with a murine AECA re- 
sponse developed perivascular lyinphocytic infiltration in lungs and kidneys, similar to the 
perivascular infiltrate observed in the lungs of mice immunized with human c-ANCAs (53,55). 
Furthermore, IgG deposits in the vascular walls of the kidneys were detected. The authors con- 
cludc that these dala provide thc first direct evidence for the pathogenicity or AECAs (55). The 
factors rendering the majority of the animals resistant to antibody production and tissue injury re- 
main unexplained. 

These reports indicate that activation of the idiotypic network may induce pathogenic au- 
toantibodies that may influence the phenotype of histopathological lesions. However, to what de- 
gree these pathways contribute to the onset or phenotypic modulation of disease remains un- 
known until the putativc primary target antigens for specific autoantibodies (pathogenic idiotypes 
expressed on environmental antigens, i.e., infectious agents) are identified. 

ue lesions remains unclear. 

D. Lacto~acilius casei Injection into C57BL/6 Mice 

A murine model of Kawasaki disease has been described resulting from a single intraperitoneal 
injection of an aqueous suspension of Lactobacillus casei cell wall fragments into C57BW6 mice 
(61). The animals display a coronary vasculitis with prominent endothelial cell proliferation, 
stenosis/thromnbosis, and aneurysm formation bearing striking similarity with the human disease. 
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It was shown that macrophage function and an intact complement system are required for the de- 
velopment of the lesions, whereas the role of T cells remains unclear. The prominent endothelial 
and mural proliferation encountered in both the animal model and the human disease suggests 
that endothelial cells may play an active role in the pathogenesis. With this rationale, the model 
was used most recently to assess the efficacy of a novel angiogenesis inhibitor, AGM-1470 (62). 
The incidence of coronaritis was reduced from 100% of untreated control animals to 30% of an- 
imals treated with AGM-1470. Histological severity scores were also much higher in control an- 
imals than in the 30% of treated animals that developed vasculitis. These findings provide further 
support for a significant pathogenic role of vascular cells in Kawasaki disease. This study is ex- 
emplary for the use of animal models to study novel agents, both to assess their therapeutic po- 
tential and to gain additional insights into cellular mechanisms contributing to the dcvelopment 
of end-organ damage. 

E. Infection of Mice with Herpesviruses 

Several of the animal models described above indirectly imply a disease-modil'ying role oS in- 
fections. More direct evidence for the ability of infectious agents to induce vasculitic lesions 
comes from murine models of herpesvirus infection-mediated vasculitis. 

In an effort to further evaluate the pathogenesis of atherosclerotic lesions, Dangler et al. 
(63) infected BALB/c and C57BW6 mice with murine cytomegalovirus (CMV). When suckling 
mice were inoculated at 9 days of age, almost all animals of both strains developed inflammatory 
lesions of the ascending aorta and pulmonary artery at 8 weeks postinoculation (63). Inflamma- 
tory infiltrates of the adventitia and tunica media contained predominantly CD3+, CD4+, and 
CDX+ lymphocytes. InGl trates of the intima contained more macrophages (63). The development 
of inflammatory lesions was independent of an atherogenic diet, but the diet-related arterial lipid 
accumulation was clearly more severe in infected animals compared with noninfected controls 
(63). 

Berencsi el al. (64) infected irradiated adult BALB/c mice with murine CMV, and were able 
to induce similar vascular lesions. In contrast, RAG-1-/-mice lacking all Functional T <and B lym- 
phocytes did not develop any vascular lesions in response to murine CMV infection, indicating 
that the inflammatory vascular lesions are T and B cell-dependent (64). Presti et al. (65) demon- 
strated that IFN-y regulates chronic infection with murinc CMV. Within 28-56 days after infec- 
tion, aortic lesions affecting all layers developed in S of 6 interferon-y receptor-deficient (IFN- 
yR-/-) mice and in 4 o f  10 congenic wild-type control mice. However, within 84 days after 
inoculation, the aortic lesions had cleared in the wild-type mice, whereas they persisted as long 
as 154 days in IFN-yR-I- mice. Cytomegalic inclusion bodies and murine CMV antigens were 
detected in the media of the affected aortas. These data indicate that the lack of IFN-y respon- 
siveness results in chronic inflammatory lesions of the large elastic arteries, possibly by permit- 
ting viral reactivation from latency (65). Arteritic lesions were not detected in TFN-fl-l- mice in- 
fected with herpes simplex virus or reovirus serotype 3 8B, suggesting a host response specific to 
murine CMV infection (65). 

Murine models of CMV infection allowing the detailed study of immune mechanisms are 
of particular relevance because CMV has been implicated in a variety of vascular lesions, in- 
cluding atherosclerosis, abdominal aortic aneurysms, rapidly progressive coronary artery disease, 
endothelialitis in cardiac transplant patients, and restcnosis after coronary angioplasty, and be- 
cause reactivation of human CMV causes significant morbidity and mortality in immunocom- 
promised hosts. 

Mice infected with y-herpesvirus 68 (yHV68) also develop inflammatory lesions in large 
vessels (66). Normal 129 or CS7RL/6 mice only developed arteritis lesions with detectable 
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yHV6X antigen if infected as weanlings, but not if infected as adults (66). B cell-deficient mice 
and MHC class II-deficient mice infected as adults developed a mild, predominantly adventitial 
inflammatory response (66). The most prominent large-vessel vasculitis was induced in IFN- 
yR-l- and in IFN-y-/- (66). Mice dying within 1.5-14 weeks after infection displayed severe 
large-vessel arteritis with narrowing of the aortic lumen by inflamination and thrombus. Surviv- 
ing infected IFN-y nonresponsive mice lacked arteritic lesions. Lesions were restricted to the 
large elastic arteries. All layers of the vessel wall were involved. Inflammatory infiltrates of the 
adventitia and intima were predominantly mononuclear, whereas neutrophils were present in 
the media. Viral antigen was detectable in arteritic lesions and correlated well with regions of in- 
flammation within observed skip lesions. Viral antigen was largely restncted to the media and 
colocalized with smooth muscle cells, suggesting specific tissue tropism. Interestingly, lipid ac- 
cumulation was detected within arteritic lesions, particularly in the region surrounding the dam- 
aged media, irrespective of dietary fat content (66). 

Both the murine CMV and yHV68 infection models indicate that IFN-y has a substantial 
protective effect against virus-induced chronic vascular damage. Both models are also of interest 
because they establish and allow further studies of the link between inffammatory lesions of ves- 
sels (i.e., vasculitis) and atherogenesis. A link between infections, inflammatory vascular lesions, 
and atherogenesis has also been suggested by observations derived from rabbit models of 
Chlumyclia pneurnonine infection (67,68), from pigs infected with the porcine reproductive and 
respiratory syndrome virus, a porcine RNA virus (69-71), and from chicken with Marek’s dis- 
ease, an a-herpesvirus-associated vasculitic process with features of atherosclerosis (72). 

IV. T BINED IMMUNODEFICIENCY MOUSE AS TO 
F Y OF ~ U M A N  GIANT CELL ARTERlTlS 

Severe combined immunodeficiency (SCID) mice have defects in humoral and cell-mediated im- 
munity that allow for xenogcneic transplantation without risk of rejection by the recipient animal 
(73,74). This property was used by Brack et al. (75-77) to develop a very elegant model system 
for the in vivo study of pathomechanisms and thcrapeutic strategies in human giant cell arteritis 
(GCA). Diseased human artery segments obtained from patients with active GCA are implanted 
subcutaneously into SCTD inice (75). The inflammation persists in these xenotransplants for at 
least 6 week?, indicating that the implants represent independent functional units, which do not 
require the influx of cells, mediators, or antigens from the circulation of the host. This model pro- 
vided convincing evidence that GCA is an antigen-driven T cell-dependent disease in which the 
activation of tissue-infiltrating T cells and macrophages depends on an infrequent subpopulation 
of lesional T cells recognizing a locally expressed antigen (75). Interleukin-2 and IFN-y produc- 
ing T cells were enriched in the implants, and a narrowing of the T cell receptor repertoire was 
noted 4 weeks after implantation. Identical T cell receptors were identified in different animals 
engrafted with artery segments from the same patients. Taken together, these findings suggest that 
the lesional T cells recognize an antigen that resides within the tissue lesion. When T cell-de- 
pleting antiserum was applied to the animals, a reduction of IFN-’y mRNA expression followed 
by a reduction of TI,-I p niRNA expression was observed in the lesions. Adoptive transfer of au- 
tologous tissue-derived, but not of peripheral blood T cells amplified IL-2 and IF”-y mRNA ex- 
pression in the engrafted temporal artery tissue. These findings underscore the disease relevance 
o f  the tissue infiltrating T cells. 

This model was subsequently used to study the mechanisms of action of glucocorticoids in 
vivo (76). One week after administration of dexamethasoiie to GCA-SCID chimeras a reduction 
of inRNA exprcssion of IL-2, IL- 1 p, and IL-6, as well as of inducible NO synthase expression in 
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the tissue lesions was detected. Interferon-y mFWA expression was only slightly decreased and 
TGF-Pl mRNA expression was not affected by glucocorticoid trcatment. The pattern of “steroid 
responsive” and “steroid resistant” cytokines suggested an involvement of the NFKB pathway. 
Subsequent experiments showed that corticosteroid injection caused an induction of the IKBCX 
gene and blocked the nuclear translocation of NFKB in the arterial lesions. When glucocorticoids 
were applied chronically for 4 weeks, T-cell function was paralyzed as indicated by abolishment 
of IFN-y mRNA expression. However, TGF-PI mRNA expression by tissue macrophages re- 
mained unaffected. The latter may provide an explanation for the chronicity ofthe human disease. 
This series of experiments would also suggest that in the early phase of the disease patients might 
benefit from higher doses of glucocorticoids than those currently used (76). Most recently, Ritt- 
ner et al. (77) have used the model to study free oxygen radical release by macrophages and re- 
sulting lipid peroxidation as an important component of tissue damage in GCA. The described 
experinients clearly identify aldose reductase as an oxidative defense system protecting the tissue 
from cytopathic effects of lipid peroxidation and, thereby, as a potential novel target for thera- 
peutic intervention (77). 

The spontaneous models of vasculitis have clarified that genetic determinants predispose to au- 
toimmunity and vasculitis, and that the development of a specilic phenotype with characteristic 
organ involvement or histopathological features is restricted to a particular combination of back- 
ground genes. It has also become apparent that cofactors, such as infections, play a significant dis- 
ease-modifying role. Spontaneous as well as induced vasculitis models have provided evidence for 
a pathogenic role of MPO-ANCAs. Particularly those models in which anti-MPO are the only im- 
portant variable have clarified that anti-MPO may directly contribute to the development of vas- 
culitis and glomerulonephritis, that the interaction of anti-MPO with neutrophil lysosomal en- 
zymes including MPO, and possibly its substrate, H202, is required for the development of lesions, 
and, finally, that the localization of the lesion is determined by the site of this interaction. Models 
of infection-mediated vasculitis combined with specific gene “knockout” tnice appear to be re- 
producible tools for the study of pathogenic interactions of infectious organisms with selected 
components of the host immune system causing inflammatory lesions of vessels. In addition, the 
SCID mouse represents a very useful tool for the in vivo study of pathogenic mechanisms opera- 
tive in human vasculitic lesions. Several of these proposed models of vasculitis appear very prom- 
ising for the evaluation of novel therapeutic modalities, including mechanism-based immune mod- 
ulation, the use of angiostatins, or gene therapy. 

REFERENCES 

1. Hmder GG, Arcnd WP, Bloch DA, cl al. The American College of Rheurnatology 1990 criteria for the 
classification of vasculitis: Introduction. Arthritis Rheum 1990; 33:1101-1107. 

2. Leavilt RY, h u c i  AS, Blvch DA, et al. The American College of Rheutnatology 1990 criteria for the 
classification of Wegener’s granulomatosis. Arthritis Rheum 1990; 33: 1101-1 107. 

3. Masi AT, Hunder GG, Lie JT, et al. The American College of Rheumatology 1990 criteria for the clas- 
sification of Churg-Strauss syndrome (allergic gritnulomatosis and angiitis). Arthritis Rheum 1990; 
33: 10961 100. 

4. Jennette JC, Falk RJ, Andrassy K, et al. Nomenclature of systemic vasculitides: The proposal of an in- 
ternational consensus conference. Arthritis Rheum 1994; 37: 187-192. 

5. Watanabe-Fukunaga R, Rrannann CI, Copeland NG, Jenkins NA, Nagata S. Lymphoproliferation dis- 
order in mice explained by defects in Fas antigen that mediates apoptosis. Naturc 1992; 356:314-317. 



Animal Models of Vasculitis 205 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23, 

24. 

25. 

26. 

27. 

Mount7 JD, Zhou T, Buethmann H, Wu J, Edwards CK, 111. Apoptosis dcfecls analy7ed in TcR traiis- 
genic and fay transgenic lpr mice. Intern Rev Immunol 1994; 11 321-342. 
Rose LM, Latchman DS, Jsenberg DA. Elevated soluble Tas production in  SLE. correlates with HLA 
status not with disease activity. Latipus 1997; 6:717-722. 
Mysler E, Bini P, Drappa J, et al. The apoptosis- I/Fas protein in human systemic lupus erythematosus. 
J Clin Invest 1994; 93: 1029-1034. 
Huggins ML, Hiiang F-P, Xu D, Lindop G, Stott D1. Modulation of autoimmrme disease in the MRL- 
lprflpr mouse by 11,-2 andTGti-bl gene therapy using attenuated Salmonella typhimurium as gene car- 
ricr. Lupus 1999; 8:29-38. 
Raz E, Diidler J, Lotz M, et al, Modulation of disease activity in murinc systemic erytheniatosus by 
cytolcine gene delivery. Lupus 1995; 4286-292. 
GulierreL-Rmos JC, Andreu JL, Revilla Y, Vinuela E, MartineL C. Recovery from autoimmunity of 
MRL/lpr mice after infection with an interleukin-2/vaccinia recombinant virus. Nature 1990; 346: 

Harper JM, Thiru S, Lockwood CM, Cooke A. Myeloperoxidase autoantibodies distinguish vasculitis 
mediated by anti-neutrophil cytoplasm antibodies from immune complex direase in MRIIMp-lprllpr 
micc: a spontaneous model for human microscopic angiitis. Eur J lmmunol 1998; 28:2217-2226. 
Nose M, Nishimura M, Ito MR, Itoh J, Shibata T, Sugisaki T. Arteritis in a novel congenic strain of 
mice derived from MRlllpr lupus mice. Am J Path 1996; 149:1763-1769. 
Watson ML, Rao JK, Gilkeson GS, et al. Genetic analysis of MRL-lpr mice: Relationship of the Fas 
apoptosis gene to disease manicestations and renal disease-modifying loci. J Exp Med 1992; 176: 

Wang Y, Nose M, Kamoto 'r, Nishimura M, Hiai H. Host modifier genes affect mouw autoimmunity 
induced by the lpr gene. Am J Pathol 1997; 151:1791-1798. 
Vidal S, Kono DH, Theofilopoulos AN. Loci predisposing to autoimmunity in MRL-Pas Ipr mice. J 
Clin Invest 1998; 101:696-702. 
Gu L, Weinreb A, Wang XP, et al. Genetic determinants of autoimmune discase and coronary vasculi- 
tis in the MRL-lpr/lpr mouse rnodel of systemic lupus erythematosus. J linmunol 1998; 161 :6999- 
7006. 
Kinjoh K, Kyogoku M, Good RA. Genetic selection for crescent formation yields mousc strain with 
rapidly progressive glomerulonephritis and small vesel vasculitis. Proc Natl Acad Sci USA 1993; 90: 
3413-3417. 
Kiiijoh K ,  Good RA, Taylor J,  Nachman P, Falk RJ, Jcnncttc JC. Hybridomas froin SCGKj mice pro- 
duce P-ANCA with specificity for myeloperoxidase (MPO) and induce proteintiria in nudc mice (ab- 
stract). Clin Exp Immunol 1995; IOl(suppl 1):37. 
Cherry NN, Engelman RW, Wang BY, Kinjoh K ,  El-Badri NS, Good RA. Prevention of crescentic 
glomerulonephritis in SCG/Kj micc by bone marrow transplantation. Proc Soc Exp Biol Med 1998; 
21 8:223-228. 
Cherry NN, Engelman RW, Wang BY, Kinjoh K, El-Badri NS, Good RA. Calorie rcstriction delays the 
crcsccntic glomerulonephritis of SCGlKj mice. Proc Soc Exp Biol Med 1998; 21 8:218-222. 
Esnault VLM, Mathieson PW. Thiru S, Oliveira DBG, Martin-Lockwood C. Autoantibodies to myelo- 
peroxidase in brown Norway rdts treated with mercuric chloride. Lab Invest 1992; 67: t 14-120. 
Marriott JB, Qasiin I? Oliveira DBG. Anti-phospholipid antibodies in the mcrcuric chloride treated 
Brown Norway rat. J Autoimmun 1994; 7:457467. 
Mathieson PW. Thiiv S, G. ODB. Mercuric chloride-treated brown Norway rats develop widespread 
tissue injury including necrotizing vasculitis. Lab Invest 1992; 67: 121-129. 
Doth M, Fricke M, Nicoletti I?, Garotta G, Van Velthuysen M-L, Bruijn JA. Genetic differences in im- 
mune reaclivity to mercuric chloride (HgCl,): Immunosuppression of t%2d inice is mediated by inter- 
feron-gamma (IF%-.(). 1997. 
Mathieson PW, Stapleton KJ, Oliveira DBG, Lockwood CM. Immunoregulation of mercunc chloride- 
induced autoimmunity in Brown Norway rats: A role for CD8' 'I' cells revealed by in vivo depletion 
studies. Bur J Imrnunol 1991 ; 21 :2 I t)5-2109. 
Mathieson PW, Thirti S, Olivena DBG. Regulatory role of 0X2Zh'gh T cells in mercury-induced au- 
toimmunity in the Brown Norway rat. J Exp Med 1993; 177: 1309-1316. 

27 1-274. 

1645-1656. 



206 Specks 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

Qasim FJ, Mathieson PW, Thirii S, Oliveira DB. Cyclosporin A exacerbates mercuric chloride-induced 
vasculitis in the Brown Norway rat. Lab Invest 1995; 72:183-190. 
Qaslm FJ, Thim S, Mathieson PW, Oliveira DBG. The time course and characterization of mercuric 
chloride-induced iiiiinunopathology in the Brown Norway rat. J Autoimmnun 1995; 8: 193-208. 
Kiely PDW, Pecht 1. Oliveira DBG. Mercuric chloride-induced vasculitis in the Brown Norway rat: ap 
T cell-dependent and -independent phases. J Immuaol 1997; 159:5100-5106. 
Gillespie KM, Qasim FJ, Tibbatts LM, T h h  S, Oliveira DBC. lnterleukin-4 gene expression in mer- 
cury-induced autoimmunity. Scand J lmmunol 1995; 41:268-272. 
Olivcira DBC, Gillespie K, Wolfreys K, Mathieson PW, Qasim F, Coleman JW. Compounds that in- 
duct autoimmunity in the Brown Norway rat scnsitize mat cells for mediator release and interleukin- 
4 expression. Eur J Iminunol 1995; 25:2259-2264. 
Mathieson PW, Qasim FJ, Thin1 S, Oldroyd RG, Oliveira DBG. Effects of decomplementation with 
cobra venom factor on experirnental vascu 
Qasini FJ, Mathieson PW, Thiru S, Oliveira DB, Lockwood CM. Further characteri~ation of an animal 
model of systemic vasculitis. Adv Exp Med Biol 1993; 336: 133-1 37. 
Brouwer E, Hmtcina MG, Klok PA, et id. Anti-myeloperoxidase associated proliferative gloincru- 
loiiephritis: An animal model. J Exp Med 1993; 177:905-914. 
Brouwer E, Klok PA, Huitema MG, Weening JJ, Kallenberg CGM. Renal kchemidreperfusion injury 
contributes tu renal damagc in expcrimental anti-inyeloperoxiclase-associated proliferative glomer- 
lonephritis. Kidney Int 1995; 47:1121-1129. 
Yang JJ, Jennette JC, Falk IU. Immune complex glonierulonephritis is induced in rats immuniLed with 
hetei-ologous myeloperoxidase. Clin Exp ImniunoI 1994; 97:466-473. 
Heeringa P, Brouwer E, Klok PA, el al. Autoantibodies to myeloperoxidase aggravate mild anti- 
glomerular-basement-mcinbrane mediated glomemlar injury. Am J Pathol 1996; 149: 1 695-1 706. 
Heeringa P, Foucher P, Klok PA, et al. Systemic mjection of products of activated rreutrophrls and H,O, 
in myeloperoxidase-immuni~ed rats leads to necrotizing vasculitis in the lungs and gut. Am J Pathol 

Heeringa P, van Goor H, Moshagc H, et al. Expression of iNOS, eNos, and peroxynitrite-modified pro- 
teins in experimental anti-meyloperoxidase associated crescentic glomenilonephritib. Kidney Int 
1998; 53. 
Fouchcr P, Hecringa P. Petersen AH, et al. Antimyeloperoxidase-associated lung disease. An cxperi- 
mental model. Am J liespir Crit Caxe Med 1999; 160:987-994. 
Kobayashi I<, Shibata T, Sugisaki S. Aggravation of rat nephrotoxic serum nephritis by anti-myeloper- 
oxidase antibodies. Kidney Int 1995; 47:454-463. 
Short AK, Esnault VLM, Lockwood CM. Anti-neutrophil cytoplasm antibodies and anti-glomerular 
basement membrane antibodies: Two coexisting distinct autoreactivities detectable in patlents with 
rapidly progressive glomcrulonephritis. Am J Kidney Dis 1995; 2k439-445. 
Jaync DRW, Marshall PD, Jones SJ, Lockwood CM. Autoantibodies to GBM and ncutrophil cyto- 
plasm in rapidly progressive glomemlonephritis. Kindey Intern 1990; 37:956-970. 
Bosch X, Mirapeix E, Font J, et al. Prognostic iniplication of anti-neutrophil cytoplasmic autoanti- 
bodies with myeloperoxidase specificity in anti-glomerular basement membrane disease. Clin Neph 

Bygreii P, Rasmussen N, Isaksson B, Wieslander J. Anti-neutrophil cytoplasm antibodies, anti-GBM 
antibodies and anti-dsDNA antibodies in gloinerulonephritis. Eur J Clin Invest 1992; 22:783-792. 
Brooks CJ, King WJ, Raclrord DJ, Adu D, McGrath M, Savage COS. IL-lb production by human poly- 
moyhonuclear leucocytes stimulated by anti-ncutrophil cytoplasmic autoantibodies: relevance to sys- 
temic vasculitis. Clin Exp Immunol 1996; 106:273-279. 
Chseliiran BL, Kilgorc KS, Miller BF, Warren JS. Antibodies to neutrophil cytoplasmic antigens in- 
duce monocyte chemoattractant protein- 1 secrction from human monocytes. J Lab Clin Med 1995; 

Ralston DW, Marsh CB, Lowe MP, Wewers MD. Anlineutrophil cytoplasmic antibodies iiiducc inono- 
cyte IL-8 release. Role of surface proteinase-3, ctl-antitrypsin, and Fcy receptors. J Clin Invest 1997; 
10 :  1416-1424. 

. Clin Exp Immunol 1994; 97:474-477. 

1997: 151:131-139. 

1991; 36:107-I 13. 

126:495-502. 



Animal ~odels of Vasculitis 207 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

64. 

70. 

WooLCson RG, Qasim Ell, Thiru S ,  Olivcira DBG, Neild GH, Mathieson PW. Nitric oxide contributes 
to tissue injury in mercuric chloride-induced autoimmunity. Biochem Biophys Res C o r n  1995; 

Bakirner R,  Fishinan P, Blank M, Sredni B, Djaldetti M, Shoeiifeld Y. Induction of primary antiphos- 
pholipid syndrome in mice by immunization with human monoclonal anti-cardiolipin antibody (H-3). 
.I Clin Invest 1992; 89:1558-1563. 
Mendlovic S ,  Brocke S ,  Ben-Basat M, ct A. Induction of an SIZE-like disease in inice by a common 
anti-DNA idiotype. Roc Natl Acad Sci USA 1988; 85:2260-2264. 
Blank M, Tomcr Y, Stein M, el al. Immunization with anti-neutrophil cytoplasmic antibody (ANCA) 
iiiduces the production of mouse ANCA and perivascular lymphocyte infiltration. Clin Exp Immunol 

Tomer Y, Gilburd B, Blank M, et al. Characterization of biologically active antineutrophil cytoplasmic 
antibodies induced in mice. Pathogenetic role in experimental vasculitis. Arthritis Rheum 1995; 38: 

Damianovich M, Gilburd B, George 1, et al. Pathogenic role of anti-endothclial cell antibodies in vas- 
culitis. J Iinmunol 1996; 156:4946-495 1. 
HCliveau A, Dagenais P, MCnard HA. Finding a valid model for antineutrophil cytoplasmic antibody- 
related vasculitis Cornment on the article by Tomer et al. and the lettcr by Langford and Snellcr. 

Langford CA, Sneller MC. Finding a valid model for human Wcgener’s granulomatosis: Comment on 
the article by Tomer et al. Arthritis Rheum 1996; 39:1262-1266. 
Jeruic DE, Frijhlich I,, Huinmd AM, Specks TI. Cloning and functional expression of the muriiic ho- 
mologue of proteinase 3: Implications for the design of murine models of vasculitis. FEBS Lett 1997; 

Goldschineding K, Cohen-Tervaert JW, Gans ROB, et al. Different inirnunological specificities and 
disease associations of c-ANCA and p-ANCA. Neth J Med 1990; 36:114-116. 
Lucena-Fernande7 F, DalpC G, Dagenais P, et al. Detection of anti-neutrophil cytoplasmic antibodies 
by imrriunoprecipilation. Clin Invest Med 1995; 18: 153-162. 
Lchman TJA, Walkcr SM, Mahnovski V, McCurdy D. Coronary arteritis in mice following the sys- 
temic injection of group B Lactobacillus casei cell walls in aqueous suspension. Arthritis Rheum 1985; 

Rrahn E, Lehniari TJA, Peacock DJ, Tang C, Banquerigo ML. Suppression of coronary vasculitis in a 
murine model of Kawasaki disease using an angiogenesis inhibitor. J Appl Bioinater 1999; 90:147- 
151. 
Dangler CA, Baker SE, Kariuki Njenga M, Chia StI. Murine cytoniegiilovirus-associated artcritis. Vet 
Pathol 1995; 32: 127-33. 
Berencsi K, Endresz V. Klurleld D, Eari i ,  Kritchevsky D, Gonczol E. Early atherosclerotic plaques 
in the aorta following cytoinegalovirus infection of mice. Cell Adhes Coinmun 1998; 5:39-47. 
Presti RM, Pollock JL, Dal Canto AJ, O’Guin AK, Virgin HW. lnterferon gamma regulates acute and 
latent inurine cytomegalovirus infection and chronic disease of‘ the great vessels. J Exp Med 1998; 
188:577-88. 
Weck KE, Dal Canto AJ, Gould JD, el al. Murinc gamma-herpesvirus 68 causes severe large-vessel ar- 
terilis in mice lacking inlerferon-gatma responsiveness: a new model for virus-induced vascular dis- 
ease [see commcnts]. Nat Mcd 1997; 3:1346-53. 
Fong lW, Chiu 13, Viira E, Fong MW, Jang D, Mahony J. Rabbit model for Chlamydia pneumoniac in- 
fection. J CiJn Microbiol 1997; 35:48-52. 
Laitinen K, Laurila A, Pyhala L, Leinonen M, Saikku P. Chlamydia pneumoniae infection induces in- 
flammatory changes in the aortas of rabbits. Infect lmmun 1997; 65:4832-5. 
‘Thihault S ,  Drolet R, Germain MC, D’AIlaire S ,  Larochelk R,  Magar R. Cutaneous and systemic 
necrotising vasculitis in swine. Vet Pathol 1998; 35:108-16. 
Rossow KD, Collins JE, Goyal SM, Nelson EA, Christopher-Hennings J, Henfield DA. Pathogenesis 

21 7:s 15-521. 

1995; 102:120-130. 

1375-1381. 

Rheum 1997; 40:986-990. 

40811 87-190. 

28:h52-659. 

of pcircine reproductive and respiratoiy syndrome virus infection in gnotobiofic pigs. Vet Pathol 1995; 
32~361-73. 



208 Specks 

71. Cooper VL, Hesse RA, Doster AR. Renal lesions associatcd with experimental porcine reproductive 
and respiratory syndrome virus (PRRSV) infection. J Vet Diagn Invest 1997; 9:198 201. 

72. Fabricant CG. Atherosclerosis: The consequence of infection with a herpesvirus. Adv Vet Sci Comp 
Med 1985; 30:3946.  

73. McCune JM, Namikawa R, Kaneshima H, Shultz LD, Licbcrman M, Weissman IL. The SCID-hu 
mouse: Murinc model for the analysis of human hematolymphoid differentiation and function. Science 
1988; 241 : 1632-9. 

74. Reddy S, Piccionc D, Takita H, Bankcrt RB. Human lung tumor growth established in the lung and 
subcutaneous tissue of mice with severe combined immunodeficiency. Cancer Res 1987; 47:245660. 

75. Brack A, Geisler A, Martinez-Taboada VM, Younge BR, Goronzy JJ, Weyand CM. Giant cell vasculi- 
tis is a T cell-dependent disease. Mol Med 1997; 3:530-43. 

76. Brack A, Rittner HL, Younge RR, Kaltschmidi C ,  Weyand CM, Goron~y JJ. Glucocorticoid-mediated 
repression of cytokine gene transcription in humin artcritis-SCID chimeras. J Clin Invest 1997; 99: 
2842-50. 

77. Rittner HL, Hafner V, Klimiuk PA, SLweda LT, Goronzy JJ, Weyand CM. Aldose reductase functions 
as a detoxification system for lipid peroxidation products in  vasculitis. J Clin Invest 1999; 103: 

78. Pusey CD, Bowman C ,  Morgan A, Wectman AP, Hartlcy B, Lockwood CM. Kinetics and patliogenic- 
ity of autoantibodies induced by mercuric chloride in the brown Norway rat. Clin Exp Immunol 1990; 
81 :76-82. 

1007-1 3. 



b ives 

Mayo Clinic Lind Mayo Foundation, I<ochcster, Minnesota 

1. I UCTl 

Vasculitis was recognized as a distinct clinical entity about 150 years ago. While the causes of the 
vasculitides were unknown to the early describers and, indeed, the causes of many remain uncer- 
tain, the pathogenesis of several types has become more clearly elucidated. 

Many of the forms of idiopathic vasculitis are associated with the authors who wrote an 
early or classic account of the nanied disease. Often, descriptions of these diseases can be found 
that antedate the contributions of these authors, and frequently the author(s) did not realize the 
uniqueness of the case or appreciate the singular pathophysiology of the disease process they de- 
scribed. Still, it is the contribution of the nained authors, e.g., Kussmaul and Maier in polyartei-i- 
tis nodosa, Takayasu, Horton in giant cell arteritis, Schijnlein and Henoch, Wegener, Behqet, 
Churg and Strauss, and Kawasaki, that stimulated the clear delineation of the disease features and 
improved understanding of the disease processes with which these authors are associated. 

Polyarteritis nodosa was the first noninfectious vasculitis to be described and studicd in de- 
tail, and has served as the cornerstone for understanding the pathophysiology of other forms of id- 
iopathic vasculitis. In large measure, most forms of vasculitis described subsequently have been 
characterized and classified on the basis of features either similar to or distinct from polyarteritis. 

Diseases of the blood vessels have been recognized since antiquity (Table 1 ). 1 fphysicians of 
that time observed cases ol‘vasculitis, it appears that they did not recognize their inflammatory na- 
ture. The Greco-Roman scholar and physician Claudius Galenus (1 29-199 AD) described periph- 
eral aneurysms, recognizing especially those occurring as a complication of blood-letting when an 
artery was accidentally punctured instead of a vein (1). In 1554, the Montpellier professor Antoine 
Saporta described syphilitic aneurysms (2). Joseph Hodgson more clearly related syphilis to aorti- 
tis in his Treatise on Diseases ofArterie5 atid Veins published in London in 1815 (3). This report 
likely represents the first clearly defined example of arteritis. In the saine treatise, Hodgson dis- 
cusses nonsyphilitic inflammation of the “internal coat” of the arteries arising from many causes, 
including excessive intravascular pressure, puncture, ligature, and systemic inflammation. Hodg- 
soil also differentiated the lesions of syphilitic aortitis from those of atherosclerosis (3). Jean- 
Frkddric (Johann Friedrich) Lobstein in Strassburg named the condition arteriosclerosis (4). 

At the end of the 18th century, John Hunter recognized inflammation of the veins (phlebitis) 
and was also the first to demonstrate the muscularity of arteries (5). He postulated that arterial 
aneurysms were due not simply to weakness of the arterial wall, but to actual discase of the ar- 
tery (6). 
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Table 1 
Artcrial Pathology 

Year Aulhor Condition 

Chronology of Historical Accounts of Primary Vasculitic Diseases and Related 

ca. 170 
1554 
1761 
1794 
1801 
1815 
1833 
1839 
1852 
1856 
1866 
1890 
1 908 
1923 
1923 
1931 
1932 

1936 
1937 
1949 
1961 

Claudius Galenus 
Antoine Saporta 
Giovanni B. Morgagni 
John Hunter 
William Hcberden 
Joseph Hodgson 
Jean-Frkdkric Lobskin 
James Davy 
Karl von Rokitansky 
William S .  Savoy 
A. Kussmaul and R. Maier 
Jonathan Hutchinson 
Makito Takayasii 
Friedrich Wohlwill 
William Ophiils 
Heinz Klinger 
B. T. Horton, T. B. Magath, and 

G. E. Brown 
Friedrich Wegener 
Nulusi Beh@ 
J. Churg and L. Straws 
Tomisaku Kawasaki 

Peripheral (posttraumatic) aneurysms 
Syphilitic aortitis and aortic aneurysm 
Pulseless disease (Takayaw?) 
Demonstration oP tnuscularity of arteries; phlebitis 
Henoch-Schonlein purpura 
Clear description of arterial inffanimation 
Arteriosclerosis 
Pulseless disease (Takayasu) 
Polyarteritis nodosa 
Pulseless disease (Takayasuj 
Polyarteritis nodosa 
Temporal arteritis 
Takayasu arleritin 
Microscopic polyangiilis 
Granulomatosis, eosinophilia, vasculitis (Churg-Strauss) 
Nccrotizing granuiomatous vasculitis ( Wegener) 
Giant cell (temporal) arteritis 

Wcgcner’s granulomatosis 
Behpt  syndrome 
Churg-Strauss disease 
Kawasaki disease 

Following Hunter’s work, others began to attribute certain examples of persistcnt fevers to 
inflammation of the arteries. Johann Peter Frank working in Pavia and Vienna recognized macro- 
scopically red and inflamed inner walls of the large arteries, heart, and veins in patients with un- 
remitting fevers (7). In France, Franqois Broussais and Jean-Baptiste Brouillaud came to the con- 
clusion that “angiocarditis” was the correlate of all fevers (8,s). Indeed, the term “rheumatic 
ai-teritis” was coined by Bouillaud in 1840 (9), although there is little histological evidence pro- 
vided in this or subsequent reports to support the conclusion that rheumatic disease was the cause 
of these lesions. 

Into the 20th century, the nature of the inflammatory processes affecting blood vessels re- 
mained poorly understood. Much of the debate centered on the question of the anatomical origin 
of arterial inflammation, i.e., in which layers of the artery inflammation begins. It is difficult to fol- 
low this debate without some understanding of the histological notions of the early and mid-19th 
century. Karl von Rokitansky was of the opinion that meritis was a process of the adventitia or 
“outer coat” (or as he terms it, the “Ringfaserschicht,” [he adventitia with media) (lo). RudolfVir- 
chow, on the other hand, thought that inflammation could begin in the media and intima. In his re- 
view of arterial inflammation, Virchow was to lament, “There are few points in clinical pathology, 
which have gradually become so confused, as the diseases of the vascular system.” ( I  1). 

OLYARTERITIS NODOSA 

Kussmaul and Maier gave the first complete description of this forin of systemic necrotizing vas- 
culilis in 1866 and assigned the name periarteritis nodosa to it (12). Several earlier authors have 
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been credited with describing aneurysmal lcsions of the arteries that may have been inflammatory 
in nature, but in most cases the clinical and pathological-anatomical picture is not sufficient to 
conclude that the condition represents polyarteritis nodosa (13-15). 

Karl (later Freiheir von) Rokitansky, the great Viennese pathologist, is credited with the ini- 
tial case report of polyarteritis nodosa in 1852. He described the presence of aneurysmal lesions 
with nodes in multiple arteries observed at autopsy in a 23-year-old shoemaker’s journeyman, 
Wenzel Plohner (16). Plohner was admitted November 6, 1848 with a 5-day history of bloody di- 
arrhea and fever with abdominal pain, and died January 12, 1849. Rokitansky provides a com- 
pelling gross pathological description of thc aneurysms seen in specimens obtained at autopsy, 
which, however, he did not histologically examine (Fig. 1): 

With exception ofthe aorta and most of its more prominent root branches, further with excep- 
tion of the brain arteries, all arteries werc anetuysmic, that i s  they were either covered with 

Figure 1 (A) Mesentery from Rokitansky’s first case report of polyarteritis nodosa, demonstrating mul- 
tiple niacroscopically apparent arterial nodules. (B) Artery specimen showing larger aneurysms at the 
branching point of smaller arteries. Rokitansky viewed the aneurysms as located excentfically on the sides 
of thc involved artery, and connected lo the lumen of the artery by a small opening, or ostiuin. In describing 
the aneurysms, he states, “Larger or smaller, oftcn barely perceptible, needle point sizcd openings in the ves- 
sel lumen led into thesc, which had the appearance of a delicate vessel o s t i u ~  (B.a.).” (From Ref. 16.) 



21 2 Matteson 

more or leas numerous oval, round, laterally attached aneurysms the size of millet seeds, hemp 
aeeds, peas or even huelnuts, which were filled with fibrin thromhi with an appearance from 
fresh dark red coaguluni to rusty brown fibrous tissue. In particular, the aneurysms next to the 
branching points of the arteries were generally larger (16). 

Rokitansky viewed this case as a type of dissecting aneurysm caused by spontaneous tears 
in the intima and media of smaller arteries. In discussing this case, he recalls two similar cases 
“from long ago,” one with involvement of the hepatic, splenic, and superior mesenteric arteries, 
and the other with involvement of the gastroepiploica (16). 

In 1887, Hans Eppinger, professor of pathological anatomy in Graz, Austria, macroscopi- 
cally and microscopically analyzcd the anatomical specimen of the small bowel and mesentery 
and coronary arteries described by Rokitansky (1 7). He found marked thickening of the intima 
with “cellular deposits” and disruption of all wall layers including the media, elastica, and ad- 
ventitia, with multiple foci of “disordered cells and twisted fibers” at the sites of the aneurysms 
(Fig. 2) (17). The appear‘mce of the vessel wall between the aneurysms was described as unin- 
volved. The description offered by Eppiiiger is consistent with a necrotizing lesion, although 
there is no description of inflammatory cells in the specimeiis nor discussion of inflammation as 
the primary cause of the affliction. Eppinger viewed the ancurysms as caused by a “congenital de- 
bility” of the elastica. 

The classic description of polyarteritis nodosa by the internist Adolf Kussmaul and pathol- 
ogist Rudolf Maier in Freiburg is based on their report of‘ a 27-year-old journeyman tailor (12). 
The patient, Carl Seufarth, developed acute symptoms of fever, global myalgias, mononeuritis 
multiplex, abdominal pain and proleinuria. Seufarth succumbed to the illness after a hospitaliza- 
tion of approximately I month. About 3 days prior to death, pea-sized nodules were discovered 
in the subcutaneous skin of the abdomen and chest. 

At autopsy, nodules visible to the naked eye along medium-sized arteries were present. The 
autopsy report introduces the unique nature of the findings: 

Peciiliur mostly norlulur thickening (periarteritis nodosa) of countless arteries of and below 
the caliber of the liver artery and the m@r branches of the coronary arterie.5 oJ the hearf, 
principally in the bou*el, stomuch, kidneys, spleen, heart und voluntary muscles, und to a levser 
pxtent also in the liveu; subcuturieouo5 cell tissue and in the bronchial and phrenic arteries (ital- 
ics original; translation in Ref. 18). 

Microscopic excamination demonstrated the intima of the nodulturly thickened vessels to be com- 
pletely intact, while dramatic inflammatory changes were noted in the media and adventitja. The 
kidneys revealed changes of “acute Bright’s disease.” “The change af€ects the interlobular arter- 
ies, which have glomeruli at their bifurcations, and it extends into these branches and even into 
the glomeruli” (1 8 j. The drawing of Seufarth’s heart demonstrating the macroscopically evident 
nodular changes in the coronary arteries is reproduced in Fig. 3. Kussrnaul and Maier attributed 
the changes noted in the arteries to “the inflammation of  the arteries affecting principally the 
perivascular sheaths, in which the media also had a part at least in its outer layers,” and hypothe- 
simd that these inflammatory changes extended to tissues directly surrounding the affected arter- 
ics: “and which often attacked neighboring tissues in the opposite direction, for example renal 
parenchyma, connective and muscle tissue” ( I  8). 

Kussmaul aid Maier were uncertain o€ the cause of  these changes. Initially, they had spec- 
ulated that the “countles~ small nodules” were due to a human form of nematode infestation sim- 
ilar to strongylus, and indeed the first report of their famous case was published under the title 
“Aneurysma verminosum hoininis” (19). They recanted this explanation of the case in the now 
famous classic report (12). 
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Figure 2 Low-power iinage of an aneurysmically dilated artery from Rokitansky’s case. Eppinger dc- 
scribes rnarlted thickening of the intima and disruption of all wall layers, with multiple foci of “disordered 
cells and twisted fibers.” (From Ref. 17.) 

ln this same report, Kussmaul and Maier also describe a second patient, Landolin Faist, a 
28-year-old day laborer, who spent 13 months in the hospital under the care of Dr. Kussmaul, and 
even shared a room with the unfortunate Seu€arth (12). The exact nature of Faist’s illness remains 
unclear; it is possible that he had polymyositis. 

icroscopic Polyarteriti§ 

Despite inention in revicws of early literature of a few cases in which the diagnosis was not made 
on the basis of macroscopic findings (20,21), there are perhaps 1 or 2 of these cases which could 
be considered microscopic polyangiitis (22,23). 
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Figure 3 
Maier. (From Ref. 12.) 

Heart of Carl Seufarth, the first paticnt with polyarteritis nodosa reported by Kussmaul and 

Friedrich Wohlwill in Hamburg may be credited with introduction of the term “microscopic 
polyarteritis nodosa” in his description of two patients with transmural periaiteritis and glomeru- 
lonephritis in his report from 1923 (24). Both patients succumbed to an illness characterized by 
myalgias, paresis, and glomerulonephritis. In neither case were macroscopic vascular changes ev- 
ident, nor were the aneurysms and nodules of classic polyarteritis nodosa present. Still, Wohlwill 
was convinced that the disease he described was a form of polyarteritis nodosa, and concluded 
that “the overall picture is one of a well-churucterized and uniform disease, which practically de- 
mands the assumption of an uniJied etiology” (original italics; translation in Ref. 18). Wohlwill 
also found evidence of venulitis in his specimens, but thought that the venous involvement was 
“at least in part---distinctly independent of the arteritis, hut on the other hand, was a completely 
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uncharacteristic infiltration of the wall with single iiuclear elements that bore no similarities to 
the arterial disease” (1 8). 

olyarteritis Nodosa 

The term polyarteritis acuta nodosa was introduced by Enrico Ferrari in Trieste in 1903 who ob- 
served that the disease had an acute course, and emphasized that the vascular lesions were trans- 
mural rather than affecting only the adventitia and media, as thought by Kussmaul and Maier (12, 
25). W. E. Carnegie Dickson in Edinburgh introduced the term polyarlcritis nodosa to the English 
language literature in 1908 (26). 

The overlap between microscopic polyangiitis and cutaneous polyarteritis nodosa is ccr- 
taiiily well recognixed (27). Zeek distinguished hypersensitivity vasculitis from classic poly- 
arteritis nodosa. Godman and Churg have stated that “periarteritis nodosa . . . should probably 
be reserved for the disease picture . . . in which medium-sized arteries are involved with 
macroscopic nodules” (28). Davson postulated that the presence or absence of glomeruloncphi-i- 
tis could distinguish distinctive groups of patients with necrotizing arleritis (29). This view was 
formalized in the Chapel Hill nomenclature system (30). 

olyarteritis Nodosa 

In the early history of polyarteritis, five principal theories were advanced as to its causation. The 
most widely debated in the first SO years was that of syphilis. Although already rejected by Kuss- 
maul and Maier, some other authors suspected syphilis (31,32), but none were able to demon- 
strate the organism in any of the cases. A second theory was that mechanical factors including hy- 
pertension (33-35) or congenital weakness of the internal elastica (1 7) were causal or of major 
intportancc. Ferr<a.ri was a proponent of a third theory, that toxic substances, such as alcohol, 
caused weakness of the arterial walls and so led to the diseases (25). 

Most early authors, beginning perhaps with Kussmaul and Maier, favored a fourth theory 
that some acute infection, likely a bacterium such as Streptococcus or Staphylococcus aureus, but 
perhaps also a virus, caused the arterial disease, either by direct effect or by the release of toxins 
(12,20,24,36-42 and many others). Oskar Klotz in Pittsburgh viewed periarteritis nodosa as a 
histopathological manifestation common to many infections, stating that it is not a “disease en- 
tity, but is only a complication of lesions present in an infection which has many other manifes- 
tations” (20). In 1926, William VonGlahn and Alwin Pappenheinier in New York described the 
differences in the vascular pathology of periarteri ti s nodosa and the inllammatory blood vessel 
changes noted in rheumatic fever (43). 

Since the turn of the 20th century, authors have speculated about a fifth theory, that periar- 
terkis nodosa may be an allergic reaction to several toxins or infectious agents (40). 

Rich called the vasculitic lesions of serum sickness and sulfonamide hypersensitivity peri- 
arteritis nodosa (44). The vascular lesions of sulfonamide allergy were reported in 1946 by Lich- 
tenstein and Fox (45) and French (46). To some observers, these allergic reactions to sulfon- 
amides appeared to be similar to periarteritis nodosa (47). However, in 1948, Zeek could provide 
convincing evidence that primary hypersensitivity vasculitis was a distinct entity from poly- 
arterilis nodosa (48,49). Lam, hypersensitivity was viewed as of particular pathoetiological sig- 
nificance in some forms of vasculitis initially viewed as variants ofpolyarteritis nodosa but which 
have since been given separate identity. Churg and Strauss are deserv given recognilion for 
their coherent understanding and description of asthma and allergic s with granuloma for- 
mation (SO) which bears their names. 
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111. SCHONLEIN-HENOCH PURPURA 

William Heberdcn of London first described what became known as Schonlein-Henoch purpura 
in his “Commentdi de Marlbaun” of 1801 (51). In Chapter 78 of his Commentaries on the His- 
tory and Cure QfDiseases from 1802, entitled “Purpurcae Maculae,” two cases are presented (52). 
The first is a 4-year-old boy with red-purple and then yellow swellings on the lower extremities, 
buttock, and scrotum For about 10 days. The patient was otherwise well. The second was a S-year- 
old boy with similar swelling and discoloration especially of the leg, who 

was seized with pains and swellings in various parts, and thc penis in particular was so dis- 
tended, though not discoloured, that he could hardly make water. He had soinctimes pains in 
his belly with vomiting, and at the same time some streaks of blood were perceived in his 
stools, and the urine was tinged with blood. When the pain attacked his leg, he was unable to 
walk and presently the s h n  of his leg was all over full of bloody points (52). 

In both cases the disease was self-limited, although of longer duration in the second child (52). 
Although also reported later by others (53,54), the condition does not appear to have been 

recognized as a distinct entity until Johann Lukas Schonlein in Wurzburg called the combination 
of arthralgias and arthritis associated with a macular rash “peliosis rheumatic” (pelios = livid) in 
1837 (55). He distinguished this from purpura hernorrhagica based on the absence of ecchyrno- 
sis and oral bleeding, and recognized that the exanthem could affect internal organs and could be- 
come chronic. In 1874, Eduard Heinrich Henoch in Berlin reported four children with bloody di- 
arrhea, abdominal pain, and rash with painful joints (56). Schonlein and Henoch described the 
rash as macular but not always purpuric. Henoch also realized that the disease was not always 
self-limited and could be associated with renal disease and death (57). 

The cause of the affliction was uncertain, although already Schonlein had reported on the 
onset of the purpuric lesions after a preceding cold. William Osler remarked on the similarity be- 
tween it and serum sickness (58). In 1915, E. Frank in Breslau called the syndrome anaphylac- 
toid purpura (59). Glanzmann (1920) further developed the idea that both infection and sensiti- 
zation were causal in this and other forms of “post-infective anaphylactoid purpura following 
otitis and scarlet fever” (60). 

IV. W EG EN ER’S G RAN U LOM ATOSlS 

Heinz, Klinger in Berlin, a college roommate of Friedrich Wegener, reported the first two cases of 
the disease Wegener’s granulomatosis in 193 1 (61). Klinger regarded the illncsscs he describes as 
a form of periarteritis nodosa, and not as a distinct clinical entity. The first case was a 70-year-old 
physician who presented with nephritis, arthritis, and a history of chronic sinusitis with nasal dis- 
charge. At autopsy, invasion of a necrotizing lesion into the base of the skull about the eyes was 
evident, as was tracheal ulceration. Histological examination revealed vasculitis and granuloma 
forination, including destruction of the nasal septum. The second ca5e was a 5 1-year-old carpen- 
ter who also presented with bloody sputum, polyarthralgias, and glonierulonephri tis (61). 

In interpreting his cases, Klinger left no doubt that the oldest vessel or the most advanced 
vascular changes were also the site at which the disease had its beginnings. These are “sites which 
are directly exposed to exogenous effects of a noxious agent” (namely, the sites of thc respiratory 
tract) (61). 

Two years later, Robert Rossle, then director of the Institute for Pathology at the Univcrsily 
of Berlin, where Klinger also made his observations, published two furlher cases of a form of vas- 
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culitis with necrosis of the mucosa of the nose and upper airway occurring among five cases with 
vasculitic changes that he attributed to rheumatic disease processes (62). 

It was Friedrich Wegener in Breslau who, in two publications from 1936 and 1939, estab- 
lished the disease now nanied for him as a distinct clinical pathological entity (63,64). In the ini- 
tial, preliminary paper entitled “On generalized, septic vascular diseases,” Wegener described 
three patients (a man, age 38, and two women, ages 33 and 36) who presented with 4-7 month 
history of fevers, high sedimentation rate, anemia, and rhinitis at the outset, followed by stomati- 
tis, laryngitis, pharyngitis, and trachitis (63). The nasal lesions stood out in the clinical prcsenta- 
tion, and granulomatous changes with vssculitis of multiple vessels and organs, as well as 
glomenilonephritis with periglomerular granuloma in two of the cases dominated the histologi- 
cal findings (63,64). 

Wegener interpreted the vascular changes as a form of pcriarteritis nodosa as described by 
Kussniaul and Maier (64). Although accompanied by a generalized arteritis like that seen in pe- 
riarteritis nodosa, both in the preliminary paper of 1936 and the comprehensivc treatment of his 
cases in his paper of 1939, Wegener clearly viewed his cases as unique on the basis of the clini- 
cal course and the distinct anatomical changes. He was familiar with the recently reported cases 
of periartcritis nodosa of Klinger and Rossle, who had interpreted them as rheumatic changes and 
attributed the disease to an allergic-hypersensitivity process. Wegener was of the opinion that his 
cases could not be explained on this basis but rather were due to an in€ectious agent (61,62,64). 
Wegener understood the granulomatous vasculitis he described as a form of “rheumatoid or rheu- 
matic diseases, respectively” (64). This granulomatous disease typically had a course of 4-7 
months, which began with cold symptoms and progressed to necrotic nasal and pharyngeal dis- 
ease with septic features and progressive renal insufficiency ending in death (63). 

V. CHURG~TRAUSS DISEASE 

Jacob Churg and Lotte Strauss in New York reported on “allergic granuloniatosis, allergic angi- 
itis, and periarteritis nodosa” in 1949 (63, and in more complete form in 195 1 (SO). A similar 
constellation of clinical and histopathological findings had been previously reported by numer- 
ous authors. In 1923, William Ophiils in San Francisco described the case of a 38-year-old Per- 
sian janitor who died after a 6-month history of abdominal pains and night sweats (39). At au- 
topsy, there were multiple granulomatous nodules, especially of the pericardium and peritoneum, 
eosinophilic infiltration of the bronchi and pulmonary tissue, arteritis and venulitis, and nephri- 
tis. Others reported on periarteritis nodosa associated with asthma, a condition that was perceived 
by these authors as a form of hypersensitivity reaction (66-68). 

‘The credit for defining the clinical syndrome that carries their names goes to Chucg and 
Strauss, who carefully described a series of 13 patients with an illness they identified as a granu- 
lomatous vasculitis associatcd with asthma, fever, and hypereosinophilia, and which is distinct 
from classic polyarteritis nodosa (50). All patients had asthma beginning between 7-58 years of 
age that preceded the often fatal illness by an average of 3 years. One patient had rheumatoid 
arthritis. Recurrent pneumonia was present in virtually every case. Most patients had some type 
of cutaneous manifestation, generally an erythematous macular papular pustular rash. Cutaneous 
or subcutaneous nodules were seen in seven cases, and on biopsy in five of these, “allergic gran- 
uloma” were found (50). In 9 of 10 autopsied cases there were changes of inflammation like those 
of periarteritis nodosa, with nodular swellings and associated occlusion of the small arteries of 
many organs with occasional thrombi. The epicardium of the heart was the site of the rnosi gran- 
ulotnatous lesions. The connective tissues had prominent infiltration with eosinophils and fibri- 
noid changes with granulomatous (epithelioid and giant cell) reaction in the connective tissue and 
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the blood vessel walls in seven of nine cases with active or healing lesions (50). At the time of 
publication, Cliurg and Strauss saw angiitis as the “most malignant expression” of allergic gran- 
ulomatosis, while other allergic conditions such as Loeffler’s syndrome were more benign forms 
of allergic granulomatosis (50). 

VI. T C  TERlTlS 

The giant cell arteritides consist of two principal clinical syndromes, temporal arteritis and 
Takayasu’s arteritis. These syndromes are usually, but not always, clinically distinct, and both arc 
Characterized by a granulomatous vasculitis ol‘ medium- and large-sized arteries. 

Jonathan Hutchinson in London reported the first clinical description of temporal arteritis 
in 1890, a case of a “peculiar form of Thrombotic Arteritis of the aged which is sometimes pro- 
ductive of Gangrene” (69). Hutchinson distinguished the disease from atherosclerosis and indeed 
writes, “I do not . . . feel in the least sure that the advanced calcareous degeneration of old age 
is a frequent predisponent.” The case was of an “old man named Rumhold . . . a tall, fine-look- 
ing man rather thin and quite bald. He had been a gentleman servant, having lived in the family 
of the Earl of Dundonald, and he had, I believe, suffered from gout. . . . He was upwards of 
eighty and almost in his dotage. 1 was asked to see him because, as I was told, he had ‘red streaks 
on his head’ which were painful and prevented him wearing his hat.” Hutchinson identified the 
red streaks as the temporal arteries. The patient did not develop scalp necrosis and lived for se17- 
era1 years “aftcr this without any other manifestation of arterial disease” (69). 

In 1932 Horton, Magath, and Brown at Mayo Clinic in Rochester, Minnesota, recognized 
the presence of a granulomatous iu-teritis in this disease and subsequently further defined the clin- 
ical syndrome (70,71). Already with the publication of the initial two cases, a 55-year-old woman 
from a southern Minnesota farm, and a 68-year-old man from a farm in Nebraska, these authors 
were convinced of their uniqueness. They do not cite Hutchinson’s account and appear not to have 
known or it (70). Both patients presented in 1931 with fever, weakness, anorexia, anemia, mild 
leukocytosis, <‘and painful areas over the scalp and along the temporal vessels” for about 4-6 
weeks. The hsease course was characterized by exacerbations and remission. Although Horton 
ct al. did not describe the first case of giant cell arteritis, they may be credited with obtaining the 
first biopsies of the affected temporal arteries in living patients, and with the histopathological de- 
scription of the lesions, They found evidence of chronic periarteritis and arteritis with “peculiar 
circumscribed areas of what appeared to be granulation tissue . . . in the adventitia of the blood 
vessels which suggested granulomas, and this represented the most characteristic lesion present” 
(70). In their subsequent report of seven cases, disease features included headache, weakness, 
fever, night sweats, prominent and nodular temporal arteries, and, in one case, diplopia. “Diffi- 
culty in chewing food was invariably present” (7 1). Horton et al. felt the disease was benign, as 
“complete recovery occurred in each case,” but they go on to note that two of the patients died 
within 2 years of “unrelated conditions” (71). 

Giant cell arteritis was definitively linked to polyniyalgia rheuinatica by J. Paulley and J. 
Hughes of Ipswich in 1960, who suggested that the syndrome of “ ‘anarthritic rheumatism’ . . . 
is nothing more than arteritis, in which the classic stigmata of the disease have yet to develop, or 
have already occurred” (72). 

VII. 

Forms of pulseless disease have been described since antiquity. Few of these accounts are com- 
plete, but some accounts from the past 200 ycars or so may support the notion that some acquired 
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diseases leading to arterial occlusion may have a basis in disease processes other than arte- 
riosclerosis or trauma. 

In 1761, Giovanni Battista Morgagni, professor of anatomy at the University of Padua, de- 
scribed the case of a woman of about 40 years of age who had no radial pulses for at least 6 years 
prior to death (73). At autopsy, the radial arteries appeared normal. The proximal aorta was 
ectatic, while the lower aorta was stenotic. The internal layers of the aorta were yellow and re- 
vealed evidence of calcifications (73). 

James Davy, a British Army physician and assistant inspector of Army hospitals, is some- 
times given credit for the first convincing account of Takayasu’s arteritis in 1839 (74). He de- 
scribed two patients with what cCm be regarded as pulseless disease. The first was an approxi- 
mately 55-year-old officer who developed pain in the left shoulder at about age 49, and presented 
about 4 years later to Dr. Davy with faint arm pulses and emaciation. Within 6 months he had de- 
veloped occasional vertigo, and presumed obstruction of the aortic arch, for 

No pulse could be felt any where in the course of these vessels, neither in the neck, temples, 
axilla or wrists, and there was a throbbing pulse at the upper part of the sternum, and a slight 
prominence of the bone there to some little extent (74). 

An ancurysm of thc aortic arch was diagnosed. The patient did well for 1 112 years, and then ex- 
pired suddenly. At autopsy, a rupture was found in a large aneurysm of the aortic arch, and “all 
the great vessels rising from the arch were completely closed up at their origin” (74). 

In the same account, Davy reports on a second patient, a 36-year-old drummer with the 42d 
regiment who, “notwithstanding intemperate habits,” had enjoyed good health until developing 
shortness of breath, At liospitalization, no pulses could be detected in the wrists or brachial ar- 
teries, while femoral pulses were strong. At autopsy, findings included enlargement of the aortic 
arch, with irregular thickening and opaqueness of the “inner coat,” and thinning of the “middle 
coat.” The left carotid and subclavian arteries were occluded, “firmly plugged up with dense white 
matter, which it may be inferred was lymph” (74). 

An histological examination was not performed in either case. It i s  unclear whether either 
of‘ these cases represented Takayasu’s disease, as the first may have been degenerativc in nature, 
while the second could have been due to a congenital anomaly. 

A convincing account of a disease resembling Takayasu’s arteritis is provided by William 
S. Savory, who reported on a 22-year-old woman admitted to St. Bartholomew’s Hospital Lon- 
don in 1854 (75). The patient had been ill for about 5 years with vague symptoms, then developed 
seizures and was found to be pulseless in all vessels of the head, neck, and upper extremities. Dur- 
ing the 13-month hospitalization, she developed blindness of the left eye and a large ulcer ap- 
peared on the scalp. The postmortem examination revealed the aorta and vessels of the aortic arch 
to be thickened and narrowed, “reduced to solid cords.” The disease was obviously advanced; 
aneuiysms were not reported. The condition was attributed by Savory to mural inflammation (78). 

Makito Takayasu of Kanazawa presented the case of a youiig woman with retinal arterial 
changcs at the 12th Annual Meeting o€ the Japanese Society of Ophthalmology in 1908 (76). 
Judge et al. have published a complete translation of the short paper and subsequent audience dis- 
cussion, from which it is apparent that Takayasu did not report pulselessness of thc peripheral ar- 
teries (77). There is an extensive description of the retinal blood vessels: 

there was a wrirath-like anastomosis surrounding the optic disc at a distancc of 2 or 3 mm and 
surrounding this was another circular anastomosis. These were anastomotic shunts of arteri- 
oles and venules. It was noted that the blood vessels surrounding the optic discs were slightly 
elevated. Both the surrounding vessels and their branches had ‘lumps’ here and there which 
were seen to move froin day to day. They were more in the arterioles. There were some slight 
hemorrhages in areas. Howcver, there was no inflammation (76,77). 



220 Matteson 

It was first Onishi and then Kagoshima who, in the discussion that ensued after Dr. 
Takayasu’s presentation, associated the retinal vascular changes with absent radial pulses in their 
own patients (77). The first comprehensive description of the histopathological changes of 
Takayasu’s arteritis was by Rudolf Beneke in Hallc an der Saale in 1925 (78). 

By 1941, the syndrome of pulseless disease occurring especially in young adults was being 
given a wide varicty of names, resulting in considerable confusion. To bring order into the nosol- 
ogy of the disease, and for convenience, Yasuzo Niimi of Nagoya suggested Takayasu be honored 
by naming the diseasc for him (79). Shimizu and Sano more completely described the full clini- 
cal syndrome and called it “pulseless disease” (80). Caccamise and Okuda introduced the term 
Takayasu’s disease to the English language literature in 1954 (81). 

VIII. BEHGET’S SYNDROME 

BehFet’s syndrome is likely a disease of antiquity, described by many authors. but awaiting more 
recent recognition as a distinct pathophysiological entity. Hippocrates described patients with 
oral and genital mucosal ulcers and eye disease with photophobia and loss of vision (perhaps iri- 
tis) (82,83). However, the accounts refer to “fungus excrescences” of the eyelids, a disease lea- 
ture not consistent with Behget’s syndrome (82,84). Other reports predating BehGet’s paper of 
1937 may be consistent with cases of Behget’s (85-87). 

Hulusi Behqet, professor of dermatology at the University of Istanbul, described two pa- 
tients with recurrent oral and genital aphthae-like ulcerations and uveitis with hypopyon in 1937 
(88). One was a 40-year-old man, the other a 34-year-old woman. Behget followed the patients 
for 20 years. One of the patients went to Vienna for a second opinion, where the disease was 
thought to be due to either tuberculosis or an unidentified parasite. Treatment there with gold and 
trivalent arsenic was unsucces‘sful. The patient also underwent ii-idectomies in Vienna without 
success (88). Biopsies of ulcers revealed many leukocytes and epithelial cells with saphrophytic 
rods and cocci, as well as intraccllular and extracellular particles that were “suspicious for a 
virus” on Giemsa and Herzberg staining. The attempt to transmit the organism from this patient 
to a scarified rabbit cornea caused neither local nor generalized infection. Behget speculated that 
the syndrome was caused by an as yet unidentified virus (8X), and did not discuss the possibility 
that the illness was vasculitic in nature. 

IX. KAWASAKI DISEASE 

In January, 1961, Tomisaku Kawasaki in Tokyo saw the first case of the disease that carries his 
name. During the following 6 years, he carefully collected clinical and epidemiological infornia- 
tion on a total of 50 cases occurring principally in the region around Tokyo Bay, reporting his find- 
ings as an acute, febrile mucocutaneous lymph node syndrome of children in 1967 (89). 

The main features of the acute syndrome as described by Kawasaki included fever, lym- 
phadenopathy, and mucocutaneous involvement. Detailed case histories are provided for seven 
patients. The disease course was about 3 wecks, and the disease resolved without complications 
or recurrence in all the initial patients. Kawasaki could not identify the cause, but suspected that 
it was either allergic, autoimmune, or infectious. A viral droplet infection seemed likely, but a 
bacterium was also strongly considered based on the clinical presentation and the frequently pres- 
ent leukocytosis with left shift. Extensive cultures, including cultures of involved excised lymph 
glands, were not diagnostic, but most (47 of 50) patients were treated with antibiotics. Cortico- 
steroids were given to 22 patients (89). 
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X. 

Early attempts to classify vasculitides further at that time were greatly hampered by lack of un- 
derstanding of the pathoetiology of these illnesses. Authors, including Kussmaul and Maier, We- 
gencr, Churg and Strauss, and Horton, described vasculitis on the basis of the gross anatomical 
and histological appearance of the affected blood vessels and the involvement of specific organs. 
At the same time it must be recognized that even early authors attempted to order the arterial dis- 
eases based on pathoetiology ( 1  0,11,17). 

In 1952, the pathologist Pearl Zeek in Cincinnati defined three periods of evolution in the 
description and understanding of necrotizing vasculitis (21). The first period from 1866 to 1900 
was characterized by numerous publications of case reports, which detailed gross and micro- 
scopic pathology and provided speculation about the pathoetiology of the disease. In the second 
period, from 1900 to 1925, investigators attempted to identify the specilic cause of periarteritis, 
whether infcctious in nature or due to an as yet unidentified toxin (21). 

The third period defined by Zeelc was from 1925 until 1952 (21). By then, the term “pcri- 
arteritis” was being applied more widely and included the microscopic forms of necrotizing vas- 
culitis, placing them in the same diagnostic category of those of classic periarteritis nodosa. Zeek 
recognized that considerable confusion had arisen since the time of Kussinaul and Maier regard- 
ing the term periarteritis nodosa. In her opinion, this confusion occurred chiefly because the vas- 
cular manifestations of allergy were becoming increasingly recognized, and the leukocytoclastic 
vasculitic changes seen in allergies resembled those described in classic polyxteritis nodosa (21). 

In 1953, Zeek presented a classification of necrotizing angiitis based on her own clinical 
and pathological observations as well as a review of the literature (21). She expanded her earlier 
observations, incorporating the caliber of blood vessel involved, in her article of 1953 and com- 
mented on the similarity between the microscopic form of polyarteritis and hypersensitivity (49). 
Not all accounts or major forms of  vasculitis were considered in this article. For example, We- 
gener’s granulomatosis and Takayasu’s arteritis were not even discussed. Zeek classified necro- 
ti7ing angiitis as (1) hypersensitivity angiitis, (2) allergic granulomatous angiitis, (3) rheumatic 
arteritis, (4) periarteritis nodosa, and ( 5 )  temporal arteritis (21,49). 

Later attenipts to classify these diseases have built on this historical framework. These clas- 
sifications systems have been refined by subsequent discoveries and insights about the histopatho- 
logical features and etiologies of these conditions. A number of schemes have been put forward 
based on these principles, including those of Lie (90), Churg (91), the Chapel Hill nomenclature 
(30), and the classification system of  the American College of Rheumatology (92). 

The observations of early clinicians and investigators are the basis for our current under- 
standing of the pathoetiology and nosology of vasculitis. The challenge they faced as they saw 
their concepts of vasculitis altered by new information is the challenge we yet face today. 
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Elucidating the epidemiology of the vasculitides is a challenge made complicated by the relative 
rarity of the respective conditions, difficulty in disease classification, variable time lag between 
onset of symptoms and diagnosis, and unknown etiologies. Recent progress has been made, how- 
ever, in describing clinical characteristics, improving treatment options, and estimating incidence 
and prevalence rates for these syndromes. In this chapter, we describe the key features central to 
all epidemiological research, present a summary of different types of epidemiological investiga- 
tions, and provide an overview of the epidemiology of specific vasculitic conditions by citing re- 
cently published papers. 

SC~LITIS AND THE EXTENT OF DISEASE 

An accurate diagnosis is important to patients, clinicians, and researchers alike. Unfortunately, 
the diagnosis, reporting, and treatment of vasculitis is hampered by the lack of universal gold 
standards for these conditions (1,2). To make matters worse, any given type of vasculitis might 
present atypically or with features of another type. Furthermore, it may be difficult to obtain tis- 
sue confirmation because of problems biopsying often-focal vasculitic lesions. Thus, the diagno- 
sis of vasculitis is usually made on the basis of compatible clinical features along with consistent, 
but not necessarily pathognomic, biopsy or angiography results in patients for whom other diag- 
noses are excluded (i.e., infections, malignancies). Although several classification schemes based 
on pathological and/or serological criteria have been proposed (3), universally accepted criteria 
useful for diagnostic as well as research purposes have yet to be developed for the vasculitides 
(2,451. 

Several general principles apply when evaluating investigations of new diagnostic algo- 
rithms or tests (6).  One looks for an independent and unbiased comparison between findings as 

* This chapter is the result of independent research and does not represent the views of NIH, DHHS, or the 
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determined by the diagnostic algorithm (or test) under consideration and those obtained using the 
commonly accepted gold standard. Both should be applied to the same study population, namely 
one that includes individuals with a broad clinical spectrum of the disease of interest (i.e., treated, 
untreated, active, mild, severe, etc.) as well as persons presenting with other commonly confused 
syndromes that have similar symptoms or clinical features. The process for selecting the patient 
population and a description of the clinical environment in which the research was performed are 
critical factors in interpreting the reported sensitivity, specificity, and predictive value of a diag- 
nostic algorithm or tests. For diagnostic tests, in particular, knowledge about the test itself, such 
as the definition of a normal result, techniques for performing the test, and measurements of test 
precision, are also important. 

111. C ~ A R A C T E R I ~ I N ~  DISEASE POPULATIONS BY PERSON, 
PLACE, AND TIME 

Epidemiology provides the “who, what, when, and where” associated with a given disease. In ad- 
dition to estimating incidence and prevalence rates, epidemiologists examine characteristics 
shared by diseased persons (such as demographic, environmental, or genetic factors) to describe 
patterns of disease. From this knowledge base, associations between a given factor and the dis- 
ease as well as interrelationships among multiple factors can be investigated to identify persons 
at increased risk and generate hypotheses for future study. In this way, epidemiological investi- 
gations may complement insights gained from clinical medicine and basic science in directing ef- 
forts to improve our understanding about pathogenesis. Different study designs are employed to 
address specific research questions in the epidemiological study of vasculitis. 

IV. CASE R~PORTS AND CASE SERIES 

Because the vasculitides are relatively rare conditions and their etiologies are unknown, it is often 
difficult to conduct analytically meaningful population-based studies. Case reports and case se- 
ries can be quite useful for describing interesting or unusual disease manifestations in a given pa- 
tient or group of patients, for reporting alleged disease clusters in the context of routine clinical 
practice, aid, if documenting a longitudinal experience, for characterizing the natural history of 
disease. 

Although numerous examples abound in the medical literature, the following two reports 
may serve as illustrative examples of a case report and ease series, respectively. Finkel el al. (7) 
describe the clinical course of three pediatric patients with systemic vasculitis and evidence of 
parvovirus B 19 infection; all three had resolution of their infection and vasculitis after receiving 
intravenous immunoglobulin. Jundt et al. (8) describe a series of 46 patients with biopsy-proven 
temporal arteritis who were seen at a single clinic. Eight patients had occipital neuralgia as an ini- 
tial presenting feature, and 6 of these 8 patients had normal erythrocyte sedimentation rates. The 
authors encourage the consideration of giant cell arteri tis in the differential diagnosis of elderly 
persons presenting with occipital pain. 

Taken together, a number of case reports may be extremely informative, particularly when 
the condition is rare, For example, Ramscy-Goldman (9) surveyed the literature and amassed in- 
formation on the natural history of disease and pregnancy experience in 20 women with We- 
gener’s granuloniatosis, 13 women with polyarteritis nodosa and 4 women with Churg-Strauss 
syndrome. Overall, wcll-controlled disease resulted in a favorable outcome for both mother and 
child. 
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Information from individual reports or a compilation of reports may also stimulate hy- 
potheses for subsequent testing in future analytical epideiniological research. Terai et d. (10) 
measured the vascular endothelid growth factor (VEGF) in a series of 30 patients with acute 
Kawasaki disease and found production of VEGF to be increased, therefore suggesting a poten- 
tial role for VEGF in the pathophysiology of the disease. 

V. CASE-CONTROL STUDIES 

Case-control designs, particularly useful when studying rare conditions such as vasculitis, are 
used to investigate the association between disease and a risk factor (or exposure) in a cross-sec- 
tional or retrospective manner. Cases are identified because they have disease; controls are cho- 
sen to be disease-fiee and comparable to the cases in every way except for the risk factor of in- 
terest. The sample of cases needs to be sufficiently large to rule out the possibility that chance 
would influence the results (11). The selection of an appropriate control group is critical in min- 
imizing the potential for selection bias. Strategies exist for minimizing this and other biases (1 l), 
including the option of selecting all cases and randomly sampling controls from the same Q O ~ U -  

lation. Another technique is to select retrospectively ail unbiased sample of cases and controls 
from a preestablished cohort (i.e., a nested case-control study). Other strategies to ensure com- 
parability of the control population include matching each case with multiple controls. 

Russo et al. (12) used a matched case-control design to examine retrospectively a possible 
association between infection and the onset of giant cell artcri tis. Biopsy-proven cases of giant 
cell arteritis were sex-matched with a control group of patients who were admitted to the hospi- 
tal for corrective surgery for hip fracture. The same criteria were used to classify the presence of 
infection among the cases and the controls. Giant cell arteritis patients were 3.5 times more likely 
to have evidence of infection compared with sex-matched non-giant cell arteritis controls (OR, 

Maeno et al. (13) evaluated the role of VEGF in Kawasaki disease by cross-sectionally and 
longitudinally measuring serum levels of VEGF in 22 patients with Kawasaki disease, 22 febrile 
children with infection, and 19 hcalthy children. Although serum VEGF levels were not Found to 
correlate with clinical symptoms or inflammatory markers, children with coronary artery lesions 
had elevated VEGF levels in the subacute stage of their Kawasaki discasc, while children without 
coronary artery lesions experienced elevated VEGF levels in the acute stage of Kawasaki disease 
( 1  3) .  

3.5; 95% CI, 1.8-7.0) (12). 

VI. COHORT STUDIES 

In a cohort study, a group of individuals is selected because of their exposure status and resultant 
increased likclihood of developing disease. The cohort is then followed to determine the actual 
incidence of a given outcome (14). In prospective cohort studies, exposure data are accrued lon- 
gitudinally and outcomes are assessed at a future date. In retrospective cohort studies, informa- 
tion on risk factors or othcr predictor variables is collected after the outcomes have occurred. In 
other words, the investigator assembles the cohort, assesses outcome (disease) in all members, 
and, thereafter, documcnts past exposures. 

In a study of 45 patients with systemic necrotizing vasculitis, retrospective data were sup- 
plemented by personal interviews to assess the patients’ current status. Study investigators per- 
formed survival analysis to identify factors that were predictive of the 24 deaths that occurred 
over the 5-year follow-up period (IS). In multivariate analyses, cardiac or renal involvement was 



228 Rao and Cotch 

associated with an increased risk of dying (RR, 2.9; 95% CI, 1.3-6.8); comorbid conditions and 
disease severity were not found to be predictive of prognosis (15). 

VII. FAMILY STUDIES 

Family studies are often undertaken to determine whether there is an increased risk of disease 
within a family. However, if familial clustering is found, this does not, by itself, implicate an in- 
herited predisposition to disease since family members often share the same environment. Twin 
studies comparing the concordance of disease in monozygotic and dizygotic twins are useful to 
evaluate estimates of heritability (16). Ultimately, molecular genetic studies with use of elaborate 
statistical models are required to evaluate the independent effects of genes, environmental factors, 
and possible gene-environment interactions influencing the expression of a disease. 

Cuadrado et al. (17) studied a consecutive series of 60 systemic vasculitis patients and their 
families in London to discover if systemic vasculitis had an allergic component. Compared with 
a control group of 60 randomly selected patients with other rheumatic disorders and 60 healthy 
individuals, the prevalence of allergies was significantly higher in the patients with systemic vas- 
culitis and their families. Whether this association between allergy and vasculitis among family 
members of a vasculitis case is due to a common predisposing genetic factor, a shared environ- 
mental factor triggering allergies (which may or may not be related to vasculitis), or a combina- 
tion of the two is unclear. 

Multiple cases of Kawasaki disease have been noted to occur in a family (1 8-20). Matsu- 
bara et al. (20) describe five episodes of Kawasaki disease occurring over a 6-year period in three 
siblings. Disease in two of the siblings recurred and resulted in coronary artery lesions. In a sur- 
vey of households having a child with Kawasaki disease, Fujita et al. (19) reported a second-case 
rate of 2.1% occurring within 1 year after the initial onset of the first case compared with a rate 
of 0.2% in the general population of children ages 4 and under. Fifty-four percent of these sec- 
ond cases occurred within 10 days of the index case. Sasazuki et al. (18) noted the occurrence of 
coincident disease to be more likely among twin pairs compared with nontwin siblings, although 
significant differences between monozygotic twins (14.1%) and dizygotic twins (13.3%) were 
not observed. These studies suggest that having a genetic predisposition is not sufficient to cause 
expression of Kawasaki disease. 

VIII. POPULATION-BASED STUDIES 

Because case series or case-control studies may suffer from referral or selection biases, popula- 
tion-based studies are preferable to estimate the incidence and prevalence rates of disease based 
on typical (or “generalizable”) patients representative of persons in the community. However, 
even population-based studies may contain biases if, for example, accurate denominator data are 
not used in estimating the rates or if disease severity is not considered. Estimates of incidence and 
prevalence are also influenced by the ability of clinicians to accurately and reliably diagnose dis- 
ease. With the advent of biological markers and recommended diagnostic criteria, increased clin- 
ical awareness of vasculitis may result in improvements in diagnosis and a subsequent increase 
in rates (21). 

Pettersson et al. (22) assembled retrospectively a cohort of 719 adults who had diagnostic 
renal biopsies between 1986 and 1992 in Sweden. From an estimated population of 1.2 million 
adults, the annual incidence of pauci-immune necrotizing and crescentic glomerulonephritis was 
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estimated at 0.8 per 100,000 persons (71 cases), doubling from 0.6 per 100,OOO in 1986 to 1.2 per 
100,000 in 1992 (22). 

The Norwich Health Authority in the United Kingdom includes a centralized referral hos- 
pital, regional hospitals, and 77 general practices covering the entire surrounding population of 
414,500 individuals (23). A prospective registry of vasculitis patients has been maintained since 
1988. Using this database, Carruthers et al. (24) estimate the annual incidence of Wegener’s gran- 
ulomatosis to be 8.5 per million (95% CI, 5.2-12.9), while the annual incidence of cutaneous vas- 
culitis is estimated to be 38.6 per million (95% CI, 30.6-48.1) (23). 

In the United States, Olmstead County, Minnesota, contains one of the best sources of pop- 
ulation-baed data, largely due to an elaborate and long-standing record-linkage system at the 
Mayo Clinic and its clinical affiliates. Based on these data, Salvarani et al. (25) reported 245 in- 
cident cases of polymyalgia rheumatica in Olmstead County between 1970 and 1991. The aver- 
age annual age- and sex-adjusted incidence rate of polymyalgia rheumatica was estimated to be 
52.5 per 100,000 persons ages 50 and older (95% CI, 45.9-59.2) (25). 

IX. H E A L T ~ S ~  VICES RESEARCH 

Health services research is a diverse and growing field of investigation broadly based on the mea- 
surement of disease outcomes. Parameters of interest could include functional status, quality of 
life, costs of  care, delivery of care, and patient satisfaction. Although various methodological 
approaches are employed depending on the research question, it is often difficult or expensive 
to collect the primary data upon which to base these types of analyses. Instead, secondary data 
sources, such as hospital databases, pathology records, autopsy results, billing records, and death 
certificates are used. Because thcse data are collected routinely for nonresearch purposes, they are 
often subject to methodological concerns regarding their validity and reliability. Cases may be 
identified on the basis of assigned diagnostic codes in clinical, administrative, and billing data- 
bases, and when possible, should be validated by reviewing a random sample of patient records 
or physician notes. 

Cotch et al. (26) used the National Hospital Discharge Survey, United States Vital Statistics 
data on deaths, and hospitalizations in the State of New York to estimate the prevalence, annual 
mortality, and geographical distribution of Wegener’s granulomatosis. The prevalence of We- 
gener’s granulomatosis was estimated to be approximately 3.0 per 100,000 persons in the United 
States (26). Between 1979 and 1988,1784 death certificates listed Wegener’s granulomatosis as a 
cause of death, resulting in a national average mortality rate of 0.8 death per million persons (26). 

The extent to which the disease affects an individual is particularly important when com- 
paring baseline patient characteristics or disease outcomes either cross-sectionally or longitudi- 
nally within a given patient and across different study populations. For the vasculitides, as for 
other chronic systemic diseases requiring toxic therapy, it is often difficult to capture this infor- 
mation (27). A weighted clinical activity index, the Birmingham Vasculitis Activity Score 
(BVAS), was developed and applied to 213 individuals with systemic vasculitis in the United 
Kingdom to monitor disease activity and progression over time (28). The same researchers also 
developed the Vasculitis Damage Index (VDT), applied the VDI to 100 patients with systemic vas- 
culitis, and found it to be a valid and sensitive tool for quantifying disease-related damage 
(29,30). In a subsequent study, the investigators documented the utility of the VDI in quantifying 
the severity of systemic vasculitis as measured by damage ( 3  1). Although the authors caution 
against using these scores to compare severity across the different vasculitides, serial use of these 
indices for a given patient is encouraged. Validation of the BVAS and the VDI in other vasculitis 
populations is warranted. 
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X. INT€RVENTION STUDIES 

Jn their ideal form, randomized, controlled trials are carefully designed double-blind studies with 
a rigorous protocol, complete follow-up of all patients, well-defined outconie measures, and ad- 
equate statistical power. It is usually difficult to amass enough patients with vasculitis to conduct 
a randomized controlled trial at a single institution. Thus, patients from multiple academic insti- 
tutions must have their data combined or be referred to specialized centers, such as the National 
Institutes of Health, to mount an adequately powered study. Although random treatment alloca- 
tion within each institution should theoretically eliminate any systematic patient differences 
among the treatment arms, it is often diKicult to prevent subtle differences in implementation 
within and across enrolling clinicians and at multiple institutions even with a standardized proto- 
col. Therefore, the study protocol should include quality control measures to monitor for differ- 
ences as the study progresses, and the statistical analysis plan should include methods to exam- 
ine potential differences by enrolling clinician and clinical center. 

When deciding if the results of a randomized trial are applicable to one’s own patients, it i s  
important to recognize that the inclusion and exclusion criteria of the trial participants in terms or 
disease severity, disease activity, and extent of damage, for example, can impact on treatment out- 
comes, Evaluating treatmcnt strategies in the context of randomiLed clinical trials for specific vas- 
culitic coiiditions is a topic covered in other chapters in this text. 

VASCULITIC SYNDROMES 

A. Polymyaigia Rheumatica 

In Denmark, all hospitals are legally required to report all new cases of polymyalgia rheumatica 
to the national patient registry of the Danish Health authorities (32). Elling et al. (32) analyzed 
these data from 13 of the 16 counties of Demark (approximately 4.3 million people or 80% oP the 
total population) for the years 1982 to 1993, and estimated an incidence rate o€ 41.3 per 100,000 
persons (95% CI, 30-67) aged SO and older (32). lnvestigators from South Norway estimated an 
incidence rate of 112.6 per 100,000 persons (33). 

Bahlas et al. (34) studied consecutive paticnts with polymyalgia rheumatica and/or giant cell 
arteritis who attcndcd the Edmonton Rheumatic Disease Clinic between 1989 and 1996. Chart au- 
dits were performed to obtain demographic and clinical infomation; these data were supple- 
mented by patient interviews to determine outcomes. Nearly 100% of patients were treated with 
corticosteroids, and the mean duration of treatment was 28 months; complete remission was 
achieved in 54% of paticnts. Seventeen patients developed rheumatoid arthritis subsequent to their 
diagnosis of polymyalgia rheumatica. 

B. Giant Cell Arteritis 

In Oltnstead County, Minnesota, there were 125 incident cases of giant cell arteritis diagnosed 
between 1950 and 1991, with an agc- and sex-adjusted incidence rate of 17.8 per 100,OOO per- 
sons ages SO and older (95% CI, 14.7-21 .O) (35). Incident cases were clustered in five peak peri- 
ods occurring every 7 years. This cyclical finding provides indirect support for the hypothesis of 
an infectious etiology of giant cell arteritis. Patients with giant cell arteritis were 17.3 times (95% 
C1,7.9-33.0) more likely to develop a thoracic aortic aneurysm and 2.4 times (95% CI, 0.8-5.5) 
morc likely to develop an isolated abdominal aortic aneurysm compared with Olmstead County 
residents of the same age (36). 
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The age- and sex-adjusted incidence of giant cell arteritis in Jerusalem was estimated to be 
10.2 per 100,000 individuals aged 50 and older (95% C1, 8.0-12.3) (37). Baldursson et a1. (38), 
working in Iceland, estimated the incidence to be 27 per 100,000 persons aged 50 years and older 
(95% CI, 22.7-32.1). In a prospectivc Danish study, the overall annual incidence of giant cell ar- 
teritis was estimated to be 2 1.5 per 100,000 persons while the incidence among persons aged 50 
years and older was 76.6 per 100,000 persons (39). 

Using prebiopsy clinical and laboratory data from a cohort of patients who underwent tem- 
poral artery biopsies at the Mayo Clinic, Gabriel et al. (40) developed a mathematical model to 
predict temporal artery biopsy results. Although the model had limited value in predicting posi- 
tive biopsy results, it identified 60 (1 1%) of 525 people with 295% probability of a negative 
biopsy (40). This model may be useful to identify patients who would not benefit from temporal 
artery biopsy. 

Follow-up was obtained for 95.8% of the 214 patients with giant cell arteritis enrolled in 
the multiccnler 1990 American College of Rheumatology Classification Cohort (41 j. The sur- 
vivorship of giant cell arteritis patients in this cohort was virtually identical to that observed in an 
age-, sex-, and race-matched sample of the general population. The standard mortality ratio (the 
ratio of observed deaths to the number of expected deaths in the same age group in the popula- 
tion) for patients with giant cell arteritis in Lugo, Spain, was calculated to be 0.80 (95% C1,0.47- 
1.13) (42). 

C. Takayasu’s Arteritis 

The clinical fcatures, angiographic findings, and treatment response in a serics of 60 patients with 
Takayaw’s arteritis were reviewed by Kerr et al. (43). The majority of patients (97%) were fe- 
male; the median age at onset of symptoms was 25 years. The median delay between symptom 
onset and diagnosis was 10 months. Two-thirds of patients had aortic lesions, 32% of whom had 
involvement of the aortic arch and its branches. Nearly half of the patients who achieved a re- 
mission relapsed within 5 years. 

in a consecutive series of 120 Japanese patients with Takayasu’s arteritis who were fol- 
lowed for a median of 13 years, the overall survival at 15 years after diagnosis was 82.9% (44). 
The important prognostic predictors of poor long-term outcome in this group were the presence 
of complications, progressive clinical course, and high erythrocyte scdimentation rate. 

Moriwaki ct al. (45) performed a retrospective study of 102 Indian and 80 Japanese patients 
with Takayasu’s arteritis. While most patients were affected in their teens or twenties, the female 
to male ratio was larger in the Japanese series. Other ethnic differences were noted. For example, 
aortic regurgitation and vertigo were more common in Japanese patients, while hypertension and 
headache were more common in Indian patients. These clinical differences may relate to differ- 
ences in aortic involvement: lesions in the aortic arch and its branches were more commonly seen 
in the Japanese patients, whereas involvement of the abdoininal aorta and its branches was more 
common in the Indian patients. 

D. Kawasaki Disease 

Kawasaki disease, a common cause of acquired heart disease in children, has deficd repeated rc- 
search efforts to elucidate its etiology (46). Numerous countries have mounted national cam- 
paigns to increase physician awareness of the clinical manifeshtions associated with the condi- 
tion and to collect data on incident cases. 
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In Sweden, a 2-year national prospective study was undertaken to estimate the incidence 
and describe the clinical pattern of disease in patients with Kawasaki disease (47). The incidence 
of disease was estimated to be 2.9 per 100,000 children under 16 years of age and 6.2 per 100,OOO 
children under 5 years of age. The median age of those affected was 2.2 years. Males were almost 
2.5 times as likely as females to manifest disease. In one family, a 10-month-old girl was diag- 
nosed with Kawasaki disease three days before her 2-year-old brother (47). 

In Australia, an active national surveillance system was created to collect information on 
the epidemiology, management, and rate of cardiological sequelae of Kawasaki disease and other 
rare conditions (48). Over 900 clinicians, mostly pediatricians, were asked monthly to report all 
new cases of Kawasaki disease, and provide clinical details for each case. Between May 1993 and 
June 1995, there were 139 confirmed cases, with an estimated annual incidence in 1994 of 3.7 per 
100,000 children younger than 5 years old. 

In the United States, 58% of hospitals nationwide reported 8014 hospitalizations for 
Kawasaki disease and 6238 hospitalizations for acute rheumatic fever between 1984 and 1990 
(49). Given that these data are not patient-specific and each patient could have multiple hospital- 
izations, the actual number of patients hospitalized for Kawasaki disease could not be estimated. 
Despite these limitations, this type of study is useful in providing a broad estimate of disease 
prevalence over a large geographical area. Using a state-wide computerized hospital reporting 
system in Washington State, Davis et al. (50) calculated race-specific incidence rates for Kawa- 
saki syndrome and assessed if there was an association of this disease with residential proximity 
to water (50). The annual incidence rate for Kawasaki syndrome was 15.2 per 100,000 children 
younger than 5 years. The incidence rate was highest among Asian Americans (33.3 per 100,000 
children), followed by African Americans and Caucasians. No association was found with per- 
manent bodies of water, 

In Japan, epidemiological surveys of pediatric departments in all hospitals with at least 100 
beds are routine. Ln the 2-year period beginning in January 1993, 65.5% of hospitals reported 
11,458 patients with Kawasaki disease for an annual incidence rate of 95.1 per 100,000 children 
undcr 5 years old (51). More hospitalizations occurred in winter and summer than in spring and 
fall. Age-specific incidence rate peaked at 1 year of age (5 I). One percent of affected children had 
a sibling with Kawasaki disease, and 3% of children had recurrent disease (52). The mortality rate 
at 2 years postdiagnosis in this group was 0.08% (52). Because these data have been collected 
regularly at 2-year intervals since 1970, secular changes can be monitored. Three peak disease 
patterns occurred in Japan in 1979, 1982, and 1985-1986, which is suggestive of an infectious 
etiology for this syndrome (53). 

E. Polyarteritis Nodosa 

Classical pol yarteritis nodosa, a disease that is characterized by inflammation and necrosis of 
medium-sized arteries, is now considered to be an entity distinct from microscopic polyarteritis, 
a small-vessel vasculitis. The 1990 American College of Rheumatology (ACR) classification cri- 
teria for polyarteritis nodosa did not distinguish between these two syndromes. Watts et al. (54) 
applied the 1990 ACR criteria for polyarteritis nodosa and the Chapel Hill Consensus Conference 
(CHCC) definition for microscopic polyarteritis to the Norwich vasculitis registry (54). Based on 
the ACR criteria, the annual incidence of polyarteritis nodosa was estimated to be 2.4 per million 
(95% CI, 0.9-5.3). The annual incidence of microscopic polyarteritis according to the CHCC def- 
inition was estimated to be 3.6 per million (95% CI, 1.7-6.9). 

A cohort, assembled by combining patients at three institutions, had data retrospectively 
collected to evaluate factors predictive of long-term prognosis of patients with systemic necro- 
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tizing vasculitis (15). Of 45 patients, 78% had classical polyarteritis, while 18% had Churg- 
Strauss disease. There was no association between comorbidity, as measured by the Charlson 
score, and mortality, but cardiac or renal involvement were associated with poorcr survival. 

The outcomes of 13 patients diagnosed with polyarteritis nodosa and 12 patients with 
Churg-Strauss s y n h m e  were compared in a retrospective study (55). The study outcome mea- 
sures included mortality, a vasculitis damage index, and the pain and disability portions of !.he 
Health Assessment Questioni~aire. Compared with patients with Churg-Strauss syndrome, pa- 
tients with polyarteritis nodosa had a higher damage index score, more frequent relapses, higher 
disability and pain scores, and a higher mortality rate. 

f. Wegener’s Granulomatosis 
In 1992, Hoffman et al. (56) reviewed the clinical features and outcomes of 158 patients with We- 
gener’s granulomatosis who were followed at the National Institutes of Health. The mean dura- 
tion of follow-up was 8 years, and 84% received “standard” treatment with daily oral cyclophos- 
phamide and steroids. Standard treatment resulted in complete remission in 75% of patients, but 
one or more relapses occurred in 50% of patients after complete remission. 

Follow-up information was oblained for 77 (90.6%) of the 85 patients with Wegener’s grin- 
ulomatosis who were part of the American College of Rheumatology vasculitis c~ass~fication 
study (57), Overall. the mortality of patients with Wegener’s granuloniatosis exceeded that of the 
general population. At 5 years of follow-up, survival of these. patients was only 75% of that for 
the general population. Patients with mul~system disease had a higher mortality compared with 
those with limited disease, although the difference was not statistically significant. 

A survey of 60 patients with well-characterized Wegener’s granulomatosis l i ig~~ghted  the 
impact of this disease on functional status, health-related quality of life, and social functioning 
(58). Eighty percent reported subnormal energy level with varying degrees of compromised abil- 
ity to perform activities of daily living. More than half of the patients who were employed prior 
to the onset of their illness had to modify their work arrangement. 

G. Behget’s Syndrome 

Genetic and environmental factors may both play a role in the development of Behqet’s syn- 
drome, a disease that commonly occurs in the Far and Middle East where there is a high preva- 
lence of HLA-BS (59). Zierhut et al. (60) conducted a retrospective study of 28 Mediterranean 
and 11 German patients who were seen for BehSet’s syndrome at the University of Tubingen be- 
tween 1971 and 1993. While genital ulceration was more common in the German patients, ocu- 
lar manifestations were more common in the Mediterranean patients. Both groups showed a sim- 
ilar association of disease with E A - B 5  antigen, which was present in 66.7% and 54.4% of the 
German and ~ e d i t e ~ a n e ~  patients, respectively, compared with a normal HLA-B5 antigen fre- 
quency of 5.9% and 16.6%, respectively, in these two ethnic groups, 

In Greece, Koumantaki et al. (61) found 80% of 62 patients having Greek ancestry and sat- 
isfying the Tnte~iational Study Group criteria for Behqet’s disease to carry E A  allele B*5101 
compared with 26% of 87 healthy controls matched for age and ethnicity. Although the HLA 
B*5101 allele may serve as a marker for disease and not be involved directly in its development, 
the presence of this allele was shown to be associatcd with a younger age of disease onset and the 
development of erythema nodosum. Whether this single allele is the only predisposing allele for 
the HLA-B5 1 antigen is unknown. 
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Yazici et al. (62) analyzed data from 152 patients who were newly enrolled in a Behqet’s 
syndrome clinic in Istanbul between 1982 and 1983 to determine the 10-year mortality among 
these patients. Follow-up information at I 0  years was obtained for 79% of the paticnts, of whom 
6 had died during this interval. Two of the six who died were between 15 and 24 years of age, re- 
sulting in a higher than expected mortality rate for patients in this age group compared with the 
general population. 

XII. ADVANCING EPIDEMIOLOGICAL AND HEALTH SERVICES RESEARCH 

Further progress in understanding the epidemiology of vasculitis would be helpful on several 
fronts. Efforts to identify specific risk factors for initial onset of disease may aid a more timely 
diagnosis, and, in turn, treatment of early disease may minimize its extent and severity, decrease 
the time required to achieve remission, and, possibly, reduce the probability of recurrence. Im- 
proving our knowledge of the characteristics predisposing to disease may also inform novel ther- 
apeutic strategies whose promise can be evaluated subsequently in randomized clinical trials. Un- 
derstanding the long-term outcomes of vasculitis, including functional status and patient-reported 
quality of life, may improve options for tailoring a treatment protocol for a given patient. The lat- 
ter will become increasingly important given the now chronic (as opposed to fatal) nature of the 
various vasculitides and the growing emphasis on thc role of patient preferences in medical man- 
agement. Finally, estimates of the direct and indirect costs of vasculitis will demonstrate the im- 
pact of these diseases on an individual and societal level. 

Advancement of these research goals will be facilitatcd by the universal acceptance of strict 
diagnostic criteria, the creation of multicenter disease registries that use standardized data col- 
lcction procedures, and the development of reliable and valid disease severity indices and quality 
of life measures. Further cpidemiological investigation will complement clinical and basic sci- 
ence research in advancing our understanding of these complex syndromes. 
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The diSScrentia1 diagnosis of the vasculitic syndromes includes many diverse disorders rhat result 
in organ ischemia, localized inflammation, and/or constitutional symptoms. While acute or sub- 
acute rn~l~isys~ern dysS~nc~on shouid heighten concern for the presence of a vzsculitic syn- 
drome, nonvasculitic diseases can also present with involvement of multiple organ systems. Con- 
versely, systemic vasculitis can manifest with involvement of a single anatomical region or organ. 
The pattern ol expression of a specific vasculitic disorder may evolve or change over periods of 
time, ind~pende€~t~y of therap~ut~c j n t e ~ ~ n t ~ ~ n s .  For a11 of these reasons, and the cont~nued con- 
troversy over diagnostic critcria, it is difficult at present to devise an evidence-based algorithmic 
approach to diagnosis, or even accurately describe the operating characteristics of many of the di- 
agnostic tests we utilize. As a general principle, pathological documentation of vclsculi tis should 
be pursued whenever feasible. The possjbi~i~y of a primary infec~ious or iiiaIigna~~ disorder pro- 
ducing the vasculitis should also be considered. Serological or angiographic studies may support 
the clinical diagno of a primary vasculitic syndrorne, but should not supplant eSforts to exclude 
alternative diagnoses or document the presence and histological pattern of vasculi tis. The c h i -  
cian’s ability to c o n ~ ~ e ~ ~ l ~  diagnose a specific primary vasculitic syndrorne is plagued by f 1 ) fre- 
quent overlap of clinical patterns of disease among the different syndromes, especially eariy in 
the course of the illness; (2) difficulty in obtaining histopathology that i s  “diagnostic” of a single 
spec@c tiasculitic syndrome; (3) lack of un~qu jv~)~dI~y  ~iagnostjc serological tcsts; (4) fimited 
~Inderstaiiding of the role that viral and other iiifectious agents play in the development of some 
forms of vasculitis; and (5)  limitations in our ability to delineate an ideal classification system. 
Nonetheless, the physician caring for patients with severe multisystem illnesses must quickly de- 
fiae the nature of the disease process, Either delayed or ~ ~ i a p ~ ~ ~ p r ~ a t e l y  a~gr~ss ive  t ~ e r a ~ e u ~ i ~  in- 
tervention may put the patient at risk fos an adverse outcome. 

If. 

The constitutional and ischcmic symptoms and findings induced by the primary vasculitic syn- 
dromes, when viewed in isolation, may be identical to those produced by infection, occlusive vas- 
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cular diseases, or maligiiatiey. Particularly early in the COLKS~ of an illness, when non~ocaIizing 
constitutional symptoms or involvement of a single organ system may predominate, clinical dis- 
tinction among these disease processes can be difficult. It is prudent to exclude certain diseases 
while concur~ntly attemptiiig to prove the presence of a primary vascutitic disorder. The ex- 
pected prevalence of an illness in the population, and the physician’s prior experience exert crit- 
ical influences on the derivation, initial hierarchy, and evolution of the differential diagnosis. For 
example, a previously healthy 48-year-old male who presents with fever, dyspnea, and infiltrates 
on a chcsl radiograph most likely has an infectious pneumonia. Although Wegener’s granulo- 
matosis, ant~glomc~lar  basement membrane disease, and m~croscopic polyan~itis may present 
in a similar nlanner, these ~ n c o m ~ ~ n  entities are not likely to be the initial focus of concern. If 
that same patient also has ( a s ~ ~ p ~ o m a t i c ~  glome~loneph~tis,  as suggested by an active urine 
sediment, the rank ordered differential diagnosis list will be immediately altered to emphasize 
pu~monary jnfect~ons capable of  causing glomerulonep~iti s (e.g., legionella, p~eiim~coccL~s, and 
right-sided eiidoc~ditis) and certain autoimmune systemic disorders, including some fotms of 
primary systemic vasculitis. Alternatively, the young patient who is found to have mullifocal. 
“pneumonia’* and coexistent recalcitrant sinus disease, intermittent otitis media, and scleritis is 
reasonably considered to have a higher likelihood of Wegener’s granulomatosis, because no sin- 
gle common illness can easily account for JL of these abnor~~al~ties.  ~ ~ h o i i g h  ~i~icommon, this 
diagiiosis should therefore be actively pursued from the outset of the ev~luation, while other more 

s are simultaneously excluded, The middle-aged woman who deveIops pal- 
pable purpura, fevcr, and a foot drop may well have a chronic hepatitis C infection, contracted 
from forgotten blood transfiisions related to her previous ~1yster~cFomy. In this scenario, her triv- 
idly elevated serum ~ a n s a ~ i ~ i a s e  levels and past medical history may not initially suggest 
chronic hepatitis, but the pattern of illness is compatible with several disorders, including sys- 
ternic vasculitis related to viral hepatitis. 

The first task of the clinician when approaching the patient with multisystem disease is to 
accurately catalog areas of disease involve~nent-by careful history and physical e x ~ i ~ a t i o n .  
Review of a few basic and directed l a ~ r ~ t o r y  studies may be helpful to focus attention toward a 
nonvasculitic disorder (Table 1 ). Not a11 of these tests are required in the e.vatiiation of all patients. 
Test selection should be based on the patient’s clinical presentation and the resultant diifferential 
d i a~no~ i s .  The operating characte~st~cs of each labora to~  test, as welf as more invasive biopsy 
studies, strongly depend upon the pretest likelihood of the specific disease that is being sought. 
“False positive” tests are particularly likely to be obtained when the pretest probability of a spe- 
cific diagnosis i s  low. There arc no specific blood tests to diagnose vasculitis. Thus, laboratory 
testing should initially be used to document the type and degree of organ involvement, exclude 
i~unvascu~~tic disorders, and support the suspected clinical diagnosis. ~ ~ ~ m i n a t j o n  of a freshly 
( ~ b ~ i n ~ d  urine sample i s  a mandatory part of the e~a lua~on .  This test ma57 provide the only clue 
to the presence of glomeriilonephr~tis, a serious but usually asymptomat~c process. 

Many nunvasculitic disorders cause signs, symptoms, and laboratory findings that also occur 
in patients with systemic vascufjtis. A partial categorical list is outlined in Table 2. These diagnoses 
should be ~ e l e ~ ~ ~ ~ e ~ ~  considered as wmanted by the patient’s clinical and laboratory presentation. 
For ex‘mple, endovascular infections, includiiig infectious endocarditis (IE), can elicit constitu- 
tional symptoms, gloniemlonephritis, and vascular occlusion with resultant ischemia and infarc- 
tion. The type and virulence of the organism, the valvular site of infection, prior antibiotic use, and 
the underlying status of the patient influence the clinical cxpression of endocarditis. Infectious en- 
docarditis can mimic several fornis of systemic vasculitis. ~ ~ ~ s c u l o ~ ~ e l e ~ i ,  neuro~o~ical, consti- 
tutional, p i i ~ o n ~ ~ ,  or rend syiiiptoms and findings may  omi in ale the clinical presentat~on. Lab- 
oratory i ~ u n o l o g i c a ~  abnormalities may include rheumatoid factor and hypocomplementemia. 
Immune complexes related to bacterial or viral infections may be present in some patients, em- 
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Table 1 
Possible Vasculitis 

Test Comments 

Selected Laboratory Tests in the Initial Evaluation of Patients with Multisystemic Disease and 

Platelet count 

WBC count 

ESR 

Transaminases 

Anti-CRM 

ANA 

ANCA 

Dm, screen 

Blood cultures 

APLAATURVVT 
PPD (It anergy) 

Angioten~in c o n v e ~ n g  enzyme 

Examination o f f m h  urinary 

Hepatitis serologies 
sedinien t 

Complemcnt C3, C4 

Aldolase 

Tkmmborytosis may parallel the acute phase response. 
~ ~ ~ o m ~ o c . y ~ ~ ~ ~ ~ i u  not expected in primary vasculitic syndromes. Con- 

sider SLE, marrow infiltration, harry ccll leukeniia, TTP, DIC, hy- 
persplenism, APLS, HXV, scleroderma renal crisis, hepafin-induced 
&rombocy topenia. 

teukopenin no1 expected in primary vasculitis. Consider SLE, 
leukemia, hypersplenism, sepsis, myelodysplasia, and MV. 

~ o s ~ ~ o p ~ i ~ ~ a  common in Chiirg-S~auss. May occur in Wegener’s grari- 
uloniatosls, rheumatoid arthritis, norniotensive scIerc&xma renal 
crisis. 

Relatively low ESR seen in DIC, liver failure, and ~ y ~ e r v i s c o s ~ ~ y .  Fre- 
quently low in HSP. May be low in Takayasu’s atteritis. 

Elevated ALT or AST in liver disease, myositis, rhabdomyolysis, he- 
molyGs,  yoc car dial necrosis, 

Evaluation of alveolar hemorrhage, with or without GN. Evaluation of 
normocomplementemic GN. 

Order when there is clinical suspicion of SLE, not a general screening 
test. 

Order when there i s  clinical suspicion of WG, MPA, unexplained nor- 
m~~complemen~em~c CN without extensive tissue immune deposits. 

Unexplained CNS symptonis, myocardial ischemia, vascular spasm, 
panic attacks with systemic features, tachycardia. Urine screen 
should be done. 

Febrile, multisysrem or wasting illness, p u I m o n a ~  infiltrates, focal IS- 

cherniahfarction. Have low threshold to obtain cultures. 
Unexplained venous or arterial thrombosis, thrombocytopenia, 
Anyone who may require steroid therapy, has unexplained sterile 

pyuria or hernaturia, granulomatous inflammation, chronic meningi- 
tis, or posrible exposure to TB. 

Neither sensitive nor specific for sarcoidosis-not a good screening 
test. 

Perform in everyone with an unexplained febrile or multisystem ill- 
ness. 

Abnormal transaminases or elevated hepatic alkaline phosphatase, por- 
till hypertension. PAN or MPA syndrome. Unexplained cryoglohu- 
linemia, ~ ~ y a ~ h ~ t i ~ ,  cu&an~ous vasculitis. 

Not screening tests for vasculitis. Useful in the differenlial diagnosis 
of GN. Low in cryoglobulinemia, may be low in cridocarditis. Usu- 
ally normal in PAN, MPA, HSP, WG. May be low in viral hepati- 
tis-related GN or vasculitis. 

Has no specificity-similar organ distribution a$ LDH. 

GN, ~ ~ o n i e r u ~ o ~ e p ~ ~ t i ~ ~  ANA, a n t i n ~ c j c ~  ~ t i ~ o ~ y ;  ANC A, a t i h n e ~ ~ p ~ i ~  cytoptmnic antibody; APL,A, aiitiphospb~ 
lipid antibody; KVVT, Russell viper venom test; TI’P, thrombotic thombocytopenic purpura; DIC, disseminaled intravas- 
cuhr coagulation; GN, glomerulonepixitis; LDH, lactic dehydrogenase. 
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Table 2 Mimics of Primary Systemic Vasculitis 

Infec tion 
Enclocardi tis 
Neisscria 
Mycotic aneurysms 
Hi stop1 asmusis 
Syphilis 
Viral hepatitis 
Whipple's diseasc 

Drug t o x ~ ~ i t y ~ ~ o ~ s o ~ i n ~  
Cocaine, sympathoniimetics 
Allopnrinol 
Diphenyl h ydantoin 
Arsenic 

Antiphospholipid antibody syndrome 
Disseminated inlxavascular coagulation 
T ~ r ~ ~ ~ ~ i c  t h ~ o ~ b o c y t ~ p e n i c  purpura 

Lymphoma 
Carcinornatosis 
POEMS syndrome 

Cardiac inyxomas 
Generaked atherosclerosis 
Cholesterol cmbolization syndrome 
~ a l c i ~ ~ l i y ~ ~ i s  
Buerger's disease 
Idiopathic hypereosinophilic syndrome 
Sarcoidosis 

Codgulopathies 

Malignancy 

phasizing the necessity of excluding infections, even when vasculitis is demonstrated. The diag- 
of IE is not always s ~ i g h t f o ~ a r d  and should be considered in virtually ail patients with un- 

explained multisystem disease. Several diagnostic criteria have been proposed and evaluated ( 3  >. 
At least three sets of blood cultures should be obtained, but cultures have been negative in up to 
20% of patients in some series. Identifiable reasons for negative cultures have included inappro- 
priate culture t ~ c h n i q ~ i ~ ,  fastidious organisms, prior antibiotic use, and perhaps right-sided valvu- 
lar disease. Improvements in echocardiographic imaging techniques have led to the present prac- 
tice of inilial screening for endocarditis with transthoracic echocardiography (ITE), followed by 
~ ~ s e ~ o ~ h a ~ ~ ~ l  ~ ~ h o ~ ~ r ~ ~ g r a ~ h y  (TEE) if the TTE is negative. T r a ~ s e s o ~ ~ a g ~ a l  e c ~ o c ~ ~ o ~ a -  
phy has dctecled vegetations in up to 41 5% of patients with definite endocarditis in whom conven- 
tional TTE was negative (2). Incorporation of echocardiography into the diagnostic criteria has im- 
proved the sensitivity of clinical diagnosis to between 80- 100% in different studies (2), but the 
s ~ e c i ~ c i t y  is not 100%. 

Other, less common intracardiac conditions can also mimic a primary systemic vssculitis. 
Atrial myxomas represent the most common primary cardiac tumor, but are rare. Similar to pa- 
tients with IE, those with atrial or ventricular myxomas present with one or more of the clinical 
triad including constit~tiona1, enibolic, and valvular obstructive features (3).  T r ~ s ~ ~ r a c i c  echo- 
cardiography i s  the initial study of choice, and has an estimated sensitivity of r90%; TEE rnay 
add additional sensitivity and provide more information useful to the cardiac surgeon. Etiologies 



of noninfective valvular and endocardial vegetations, which can cause similar embolic rnanifes- 
tatttions, include n o n b a c ~ e ~ ~  ~hrombotic endoca~ditjs, hypereos~nophi~ic syndro~~ie, Libman- 
Sacks endocarditis, and intracavitary thrombosis. The last two disorders may be associated with 
the antiphospholipid antibody syndrome. Echocardiography (4) remains the initial study of 
choice for each of these entities that may cause embolic In~nifes~~tior~s. 

Some disordcrs mimic vasculitic syndromes due to the occurrence of regional or diffuse 
thromboocclusion. Thrombotic thrombocy topenic purpura (TTP) causes diffusc small-vessel oc- 
clusions, usually in  coIijunctio~~ with mild-inoderate renal dysfuncti[~n, fever, and neurological 
features. The presence of significant thrombocytopenia and a microangiopathic hemolytic anemia 
should prompt the consideration of this diagno in lieu of a primary vasculitis. Throinbosis duc 
to antiphosp~iolipid antibody syndrome (APLS). however, may not be so readily distingii~shed 
from a primary vasculitis. The APLS can be associated with thrombotic occlusion of veins and 
arteries of virtually any caliber, and in any organ distribution (5). Regional ischemia in the ab- 
sence of e o n s ~ i t u t i o ~ ~ ~  symptoins or markers of systemic i n ~ a ~ m a t i o n  warrants cons~deratio~~ of 
diseases causing bland thrombosis, or atherosclerosis. However, the systemic reaction to regional 
ischemic necrosis, or the comnion concurrence of systemic lupus erythematosus (SLE) with 
AP1.S may cause diagnostic confusion. Biopsy of ischemic tissue may revea1 relatively nonin- 
flammatory thrombosis, or angiography may indicate vascular occlusioir without evidence for ar- 
teritis; but neither study i s  enth-ely satisfactory at ~istinguishing between thrombosis and vascu- 
lopathy. Thromb~ytopenia and Coombs’-positive hemolytic anemia may be present in patients 
with primary or SLE-related APLS, and should suggest a diagnosis other than primary vasculitis. 

Antiphosp~~~ipid antibodies (APLAs) are detectable in 80-90% of patients with APLS, but 
can be found in association with other conditions. even when thrombosis is not present (6). The 
APLAs are generally persistent and of moderate to high titers in patients with APCS, but they may 
be low or even un~ete~table. Lupus ~nticoagulant (LAC) activity should be sought in conjunction 
with tests for APLA. The LAC may be a more specific test for APLS with thrombosis, and is pres- 
ent in up to 20% of APLA-negative patients who have the syndrome (7). Unfortunately, it is less 
sensitive than the enzy~e- l i~ked  i~munos (~ rben~  assay (EL1SA)-based APLA assays. Patients 
should be screened for the presence of LAC using a phospholipid-sensitive partial thromboplas- 
tin time and, if this test is negative, a second test such as the dilute Russell viper venom or kaolin 
cloning time should be performed. If abnctimal, further tests shoufd be utilized to cotifimi the 
presence of a LAC and exclude the presence of a factor deficiency or specific Factor inhibitor as 
the cause for the abnomal coagulation test(s). I n  the future, Lests to detect antibodies with speci- 
ficity to bet~-glycoprotein 1 may become the assays of choice to diagnose APLS. ~ ~ o i n b o s i s  
may first be suspected at the time of biopsy or angiogam when searching for vascul 
plained thrombosis should prompt a work-up for the appropriate hypercoagulable states most 
consislent with the arterial or venous location of thrombosis. Tlie prescnce of APLA or LAC, in 
the absence of venous or arterial thrombosis (or frequent misccmiages), is of unclear significance. 

Cholesterol ernbolization syndrome (40), which may follow an angiographic procedure, 
lytic therapy of an arferial clot, or large-vessel surgery, can produce symptoms and findings of 
local ischemia plus laboratory and clinical abnormalities suggestive of a vasculitis. Patients may 
have fever, livedo reticula&, and rising creatinine-usually a slowly stuttering course. Blood and 
urine e~sii iop~ilia can occur. Acute phse reactants can be elevated, and c ~ ~ ~ p ~ e ~ e n t  components 
may be depressed, The setting should suggest the possibility of this diagnosis, which can be his- 
tologically proven by finding telltale cholesterol clefts occluding small arteries and arterioles. 

Patients should be speci~ca~ly asked about prescribed. over-t~e-counler, and illicit drug 
use. Drug allergies may manifest as fever and constitutional symptoms, or include purpura. pul- 
monary infiltrates, or interstitial nephritis. Sympathoinimetic dugs, including intninasal or oral 
neosyne~hrine and e p ~ e ~ ~ r ~ n e ,  may induce spasm and cause Raynaud’s disease andlor central 
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neurological dysfunction. Common related sympathomimetic street drugs of abuse include 
“MOMA,” “ecstasy.” “CAT,” “speed,” and “crack cocaine.” If the ~ss ib i l i ty  of vascular spasm is 
considered, as suggested by history or angiography, a urine drug screen for the presence of co- 
caine, amphetamine, and their metabolites should be promptly performed. Somc other drugs re- 
ported to cause a systemic vaseulitis include al~opurinol, minocyclinc, thiazides, propyIlhiouraci1, 
and acutane. Discussion with the clinical pathologist prior to test selection may prove to be of 
value since tests differ among laboratories. The nietabolites are rapidly cleared from the circula- 
tion, and even a negative urine screen utilizing sensitive chromatographic techniques does not ex- 
clude intermittent use of these drugs. 

The possibility of malignancy causing systemic symptoms should not be forgotten. Differ- 
ent tumor types have been described in assrrciation with a myriad of parancopIastic syndromes. 
The most commonly reported association is between leukemias/myelodysplasia and cutaneous 
small-vessel vasculitis. Paraneoplastic involvement of peripheral nerve i s  uncommon, but can 
mimic ischemic neuropathy and a systemic vasculitic syndrome (8). Renal cell carcinoma i s  fre- 
quently cited as a cause of systemic paraneoplastic syndromes, but this is a complication of only 
5% of these tumors (91, and many other carcinomas can produce similar diagnostic dilemmas. 
The presence of significant inflammatory synovitis seems uncomniott in paraneoplastic syn- 
dromes, a1 though some malignancies, including hairy cell and other leukemias, have been 
strongly associated with arthritis (lO), and ease reports have included carcitioxna-associated para- 
neoplastic synovitis (2 1 ). The presence of  ~romb(~cy~openia or leukopenia should increase con- 
cern over a possible malignancy. The frequency of cytopenias besides anemia in  patients with pri- 
mary vascuiitic syndromes is difficult to ascertain from the Literature, but seems to be quite low. 
Acute digital spasm and dramatic necrosis have been described in patients with carcinoma (la), 
as well as with 1 ymphoproliferative related cryoglobulinemia, Regional imaging should be utl- 
1 ized to evaluate a possible mass causing unexplained organ dysfLinction or labora€o~ abnormal- 
ities (e.8.. stroke syndromes, dyspnea, elevations in alkaline phospharase, or hcmaturia without. 
dysmoiphic erythrocytes or casts), and any identified infiltration or mass lesion should generally 
be biopsied, if accessible. 

Defined systemic autoimmune disorders such as SLE should be sought using serological 
tests only if Lhe clinical pretest likelihood of the disease is high. The prescnce of tltrombocytope- 
nia or leukopenia in  thc setting of a systemic disorder wmants at least considera~ion of this di- 
agnosis, The antinuclear antibody test is best used to exclude the diagnosis of SLE, when the test 
is negative. The value of initially screening all patients with unexplained mullisystem disease for 
the presence of “ a b n o i ~ a ~ ’  serological tests, such as a n & W ,  rhe~imatoid factor, anti-SCL-’70, 
anti-JO-1, ANA, ANCA, etc., i s  arguable. 

In conjunction with excluding the most likely nonvasculitic diseases, it is necessary to at- 
tempt d~~cumentation of the presence of vasculitis as part of the diagnostic process. A t 
nosis of vasculitis is preferred, but not always possible to obtain. Depending upon the suspected 
diagnosis, certain involved tissues may have a higher or lower likelihood of providing disease spe- 
cific histopa~ology. Dernons~rating the presence of vascuIitis or g ~ o n i e r u i ~ n e p h ~ ~ ~ s  by biopsy 
may not be sufficient to confirm the final diagnosis. For example, finding rnesenteric vasculitis at 
laparotonly may not distinguish between Wegener’s granulomatosis and poly<?rteritis nodosa. Doc- 
umenting cutaneous small-vessel vasculitis will not permit distinction between microscopic 
polyangiilis (MPA), Wegener’s granulomatosis (WG), and infection related small-vessel vasculi- 
tis. The severity and rate of progression of the patient’s illness should dictate the tempo, scope, and 
degree of invasiveness of the evaluation. This often requires concurrent efforts to confirm or cx- 
chide several of the most likely diagnostic possibilities in an acutely ill patient. Infectious and 
paraneoplastic associations with (secondary) vasculitis are increasingly being recognized, and 
these are discussed fkrther in the next section. 



~istopat~iology remains the gold standard for the documentation of vasculitis. The pathol- 
ogy results should be co~tplert with the clinical pattern of disease to make the diagnosis of a spe- 
cific primary vasculitic syndrome. Although this represents the ideal approach, it is fraught with 
several pragmatic iiniitat~ons. Biopsy of accessible tissue, which is not clearly involved by the 
disease process, should be eschewed since the diagtiostic yield is low. It has been estimated that 
the yields from random biopsy of nonclinically involved muscle or nerve for rhe diagnosis of 
~ l y ~ e ~ t i s  nodosa are 29% and 19%, respectively { 1 I). Initial biopsy efforts should be directed 
toward tissue that i s  abnormal by clinical, laboratory, or other objective testing. Sural nerve 
biopsy has become a popular option when attempting to diagpose an arteritis that i s  affecting 
mediu~-s~zcd muscular vessels. The sural nerve is an accessible pure sensory nerve, and it% vasa 
nervoruni contains smaU as well as medium-sized muscular arteries. Nerve conduction studies 
can identify a diseased ischemic nerve prior to the appe”ance of clinical symploms (12). Multi- 
pfc case reports, however, have e ~ p I i a s ~ ~ e ( ~  the low diagnostic yield from the biopsy of asymp- 
tomatic and electrically normal nerves. Even nerves with abnormal conduction studies have been 
reported to reveal no diagnostic pathology in 46% of cases (1 3). In this study, tlierc was notable 
morbidity associated with the procedure; 13 of 60 patients e x p e ~ e n c ~ d  wound infections or de- 
layed healing, and 3 suffered from new pain in the distribution of the biopsied sural nerve. In a 
different series of 35 nondilibetic patients with electromyography-confirmed mononeuritis mul- 
tiplex, only four pa~ents  had systemic necr~t iz i~g  vasculitis. Of these four patients, three had 
demonstrable vasculitis and one had a nondiagnostic “vasculopathy” on nerve biopsy ( 14). 

Soinetimes biopsy of a clinically affected tissue is not feasible. Alternatively, an organ may 
have suffcred ischemic injury with associated necrosis, seem to be the ideal candidate site for 
biopsy, and not have demonstrable vasculitis on pathology. The absence of meritis in a surgical 
sample cltx=s not exclude the presence of vasculitis. Sanipliiig error or the presence of occlusive ar- 
teritis in vessels proximal to the site of biopsy may explain a “false negative” result. This presents 
a vexing problem when periluminat ischemia and localized necrosis are demonstrated by endo- 
scopic biopsy of rbe intestine, but no  further yathological diagnosis can be made. In the absence 
of an acute abdomen, i t  is d i f ~ c ~ l ~  to justify an exploratory lap~otomy. Thus, biopsy documenta- 
tion of mesenleric arteritis, the suspected cause of the ischemic bowel disease, may be impracti- 
cal to obtain. Similarly, only rarely can large-vessel branches of lhc aorta be sampled. Even when 
~ t h o l o g i c a ~  organ specimens can be obtained, it may be difficult to distingu~sh between true vas- 
culitis and massive transmigration of inflammatory cells into a local area of parenchymal infec- 
tion, or between vasculitis and aiigio~rophic ~ ~ a l i ~ n ~ c i e s .  Special elastin stains may help resolve 
the Former dilemma, while i~mun~phenotyping i s  often useful in the latter. 

The ideal prospective, protocol-directed evaluation of operating characteristics of diagnos- 
tic tests, inc~u~ling biopsy> in the ~ j ~ e r e n ~  vasculitic syndromes has not been performed. The best 
diagnostic gcneralization that can be offered i s  to biopsy tissue that i s  clinically involved. When 
multiple organs are involved, the choice of biopsy site should be dictated by the potential mor- 
bidity of the procedure, and the likelihood of ob ta in~n~  a disease-speci~c his to~a~ho~ogjca~ result, 
This latter point is discussed below for some of the primary vasculitic syndromes. Even when 
biopsy i s  Icasible, the sample sire must be generous. The vasculitic process may not equally af- 
fecl a11 portions of an organ or vessel. The pheno~enoi~  of ‘‘sskip areas” of vasculitic invo~v~ment 
is a well-recognized problem in the diagnosis of giant cell arteritis (temporal arteritis), and gen- 
erous biopsy or the superficial temporal artery has been recommended ( 1  5) .  The same issue of 
sample size likely holds true when obtaiii~ng a lung, nasal, or sinus biopsy in an effort to docu- 
ment all of the typical pathological features of Wegcner’s granulomatc>sis, or a biopsy of symp- 
tomatic mtiscle or nerve in the case of possible vasculitis affecting small and/or mcdium-sized 
vessels. Needle, endoscopic, and broiichosc~pic biopsies often help to exctucie jnfectio~, but are 
generally inferior in yield to excisional biopsies [or the diagnosis of vasculitis. Sample size as 
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well as the accessibility of appropriate tissue may play a role in the limitations of‘ the less inva- 
she  biopsy techniques 

Aiitineutrophil cytoplasmic antibodies (ANCAs) with specificity for psoteinase 3 (PR3) 
and mycloperoxidase occur in a high proportion of patients with generalized Wegencr’s graiiulo- 
matosis and microscopic polyangiitis, respectively. It i s  tempting to use these tests in lieu of in- 
vasive biopsies, but the sensitivity and specificity of thesc tests arc not perfect. The ANCAs are 
found in patients with other diseases, including infections, drug-associated vasculitic reactions, 
and nonvasculilic inflammatory disorders (1 6). Demonstrating the presence of a circufating 
ANCA is not equivalent to dia~nosing vascnlitis. Since sig~ficant n ~ o ~ i d i t y  and mortality may 
complicatc the immunosuppressive therapy of the vasculitic disorders, making the correct diag- 
nosis is of crucial importance. When the pretest likelihood of thc diagnosis is extremely high, it 
may suffice to accept a positive test for anti-PR3 ANCA as strongly supportive of WG. This 
should only be done in the setting of “classical” WG, alier excluding the possibility of coexistent 
or primary infection. I f  the diagnosis i s  made in this manner, any delayed or atypical response to 
therapy should be pursued with prompt biopsy of an involved organ. 

Angiography is a necessary tool in the evaluation of patients who have asteritis or other 
aneurysmal or occlusivc discases of the aoea and its major branches (e.g., Takayasu’s arteritis, 
sarcoid aortitis, atheroscierosis). ft may also aid in diagnosing or following patients with isolated 
angiitis of the centraj nervous system, and coronary arteritis due to Kawasaki disease, Comple- 
mented by magnetic resonance imaging (MRI), it is possible to obtain images of the large-vessel 
lumen, and assess arterial wall thickness and associated wall edema, a presumed surrogate of in- 
~ammat~on  (241. Magnetic resonance imaging may evolve to become a very useful tool to quan- 
tify the severity of arteritis and follow the longitudinal course of the illness. Abdominal angiog- 
raphy is frequently utilized in the evaluation of patients who may have medium-sized vessel 
arteriljs when biopsy has been unrewarding os is not an option. Arteries af€ccted by polyartcsitis 
nodosa (PAN) and other disorders affecting medium-sized muscular arteries may develop mi- 
croaneurysms or stenoses that can be visualized by angiography. Whcn angiography is used to di- 
agnose systemic necrotiziiig vasculitis in the absence of ~ a t h o l o g i ~ ~  evidence of the disease, sev- 
eral caveats must bc noted. Angiography has limited spatial resolution; smaller vessels are not 
well seen. Thus, patients with primarily smaller-vessel disease will not likely have a “diagnosticy’ 
angiogram. oyliy 4 of 30 patients with microscopic polyangiitis, a disease that affects sinall and 
medium-sized arterics, had diagnostic renal or celiac angiograms (25). The sensitivity of this test 
for diagnosing classic PAN is not known, but i s  most certainly not 100%. Depending upon the 
definition of microaneurysm, different investigators have reported their presence in 60--90% ol 
patients with PAN (26-28). Aneurysms take time to devclop, and may not be present early in the 
course of the illness. In addition to aneurysms, arteritis may also be associated with stenoses, 
which inay be longer and sinoather than typical atherosclerotic lesions, or occlusion (27-29). To 
maximix the yield from the procedure, angi(?~aphy should include the celiac, renal, and rnesen- 
teric vessels. Lack of clinical involvement of an organ (i.e., no intestinal ischemia) does not ex- 
clude the possibility of finding abnormal vessels on angiogram. It has been suggested that the vi- 
sualization of a n e ~ y s ~ i i s  it] PAN denotes more severe disease (30); it is unclear whether this may 
also relate to the actual duration of the illness. Aneurysms may resolve with successful treatment 
of MPA, PAN. or hepatitis R- or C-related vasculitis (28,31). The presence of visceral micro- 
aneurysms is not, however, diagnostic of FAN. They have also been a i ~ e ~ d o t ~ l y  described in pa- 
tients with other forms of vasculitis affecting medium-sizcd arteries (WG, Churg-Strauss syn- 
drome, Beh~et’s syndrome). So just as when interpreting a biopsy result of “vasculitis,’* imaging 
studies must be considered in the light of the entire clinical profile. ~ i c s o a n e u r y s ~ s  occur in 
nonvasculitic disorders. Isolated case reports have described aneurysms in patients with atrial 
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myxoma, bacterial e n d ~ ~ d i t i s ,  peritoneal carcin{)matosis, severe arterial hypertens~on, and fol- 
lowing inethampheta~~ne abuse. In a retrospective 10-year survey of 748 patients who undcrwent 
abdominal angiography (27), 38 patients had microaneurysms. Seventeen had PAN (in 156 pa- 
tients the indication for arteriography was possible “arteritis”) and scvcn had severe arterial hy- 
pertension. Inadequate data are available to assess the sensitivity, specificity, or predictive value 
of abdominal angiography in the diagnosis of necrotizing arteritis. 

Ii~itia~ion of empirical gluc~(~rticosteroid therapy i s  sometimes necessary prior tct cctmpfe- 
tion of the diagnostic evaluation. A beneficial response to this intervention should not be con- 
strued as definitive proof of a primary vasculitic disorder (20), and should not lead to abandon- 
ment of an appropriately complcte evaluation. 

111. SECONDARY VASCULlTfS 

Many ot’the disease processes listed in Table 2 are associated with a vasculopathy, or a tnie vas- 
culitis. Thus, even when vasculitis has been documented, vasculitis may not be the final diagno- 
sis. This i s  particularly true in the setting of purpura or other manifestations of cutaneous small- 
vessel vasculitis. Vasculitic involvement of these small vessels has been well described in patients 
with carcinoma, ~ y e ~ o d y s p ~ a s ~ ,  leukemia, endocarditis, viral hepatitis, neisserial and rickettsia1 
infections, and systemic autoimmu~e processes (e.g., lupus, Sjogren’s syndrome, sarcoidosis, in- 
~ a m ~ a t o r y  bowel disease, rheumatoid arthritis). These diagnoses should be considered, in the 
appropriate clinical setting, even when “vasculids” has been demonstrated (22). Secondary 
causes of vasculitis must be excluded before diagnosing a specific primary vasculitic syndrome. 
The breadth of testing is dependent upon the clinical picture and the pretest probability of a spe- 
cific primary vasculitic disorder or potential cause of secondary vasculitis. The vasculitides asso- 
ciated with systemic a u t ~ ~ ~ ~ n e  disease are discussed in detail in later chapters. 

The literature on patients with IE provides multipk caveats relating to the diagnosis o f  vas- 
culitis without first excluding an underlying chronic infection ( 1 7 3 ) .  Rwpura, mesenteric arte- 
rial microaneurysms, glomerulonephritis, retinal vasculitis, cryoglobulinemia, stroke, and arthri- 
tis have all been well described in patients with IE. Paticnts may have a positive rhcumatoid 
factor, cryoglobulinemia, or even high titer ANCA with specificity to PR3 (19). Initial improve- 
ment with corticosteroid therapy has been described (20). 

Carcinomas have been a s s ~ ~ a t e d  with purpura, fever, and ~ononeuritjs multip~ex (2 1). 
Secondary vasculitis seems to most commonly involve the small vessels of the skin. In a recent 
review of 172 adults with cutaneous vasculitis (22) ,  17 had a systemic necrotizing vasculitis, 4 
had malignancy, and S had a systemic bacterial infection producing the vasculitis. An additional 
20 patients had a defined systemic autoimmune process (e.g., rheumatoid arthritis, SLE, SjBgren 
syndrome, sarcoidosis), and 1 1 had “essential” mixed cryoglobulinemia (only 2 were icsted for 
the presence of hepatitis C antibody, 1 was positive). More recent studies have suggested that up 
to 8 ~ %  of cases of mixed cryog~obulii~emia are due to hepatitis C infection (23). A l ~ e ~ a t i v e ~ y ,  
primary vasculitic syndromes including isolated angiitis of the central nervous system (CNS) and 
Wegener’s granulomatosis can occasionally present with localized mass lesions. These examples 
emphasize the value of a rigorous approach to history-taking, examination, and biopsy when eval- 
uating patients for the presence of these uncommon disorders. 

Systemic a u t o i ~ ~ u n e  disorders can be associated with a pattern of vasculitis not COW- 

monly attributed to the underly~n~ disease. For example, patients with i n ~ ~ m a t o r y  bowel dis- 
ease (IBD) have been described with leukocytoclastic vasculitis, a large-vessel occlusive arteritis 
(Takayasu’s arteritis), and Wegener’s granulomatosis (37). Patients with IBD and rheumatoid 
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arthritis may have circulating ANCAs, even in the absence of vasculitis. Patients with systemic 
lupus c r y t ~ ~ ~ a t o s u s ,  rheuma~oid arthritis, and sarcoidosis may develop i n ~ a ~ m a ~ i o n  of the aorta 
or its major branches. 

IV. P R I ~ A ~ Y  VASCULITIC DISORDERS 

Once vascditis has been demons~a~ed, and the more obvious secondary causes e~jminated, the 
clinician’s task is to identify the most appropriate diagnostic category that the patient’s condition 
best fits. Diagnostic categorization facilitates predictions of the most likely organs that may be af- 
fected by the disease. Accurate diagnosis may also permit a better estimate OF the prognosis. In 
some cases, precise diagnosis may help guide initial therapeutic decisions. 

The derivation of a classification scheme of the primasy vasculitic syndromes remains an 
effort in progress. Limited by incomplete knowledge of precipilating triggers and pathogenesis, 
descriptive clasification schemes have primarily focused on the size of the involved blood ves- 
sels, the presence or absence (pauci-immune) of significant lissuc deposits of immune complexes, 
the pattern of organ involvement (c.g., upper airway, glomen~lus, lung), and the presence or ab- 
sence of granulomatous inflammation. Patients with infections such as hepatitis C or B, which 
can produce systemic vasculitic syndromes clinically ind~s~inguishable froin PAN or MPA, 
shoufd be uniquely classified within subsets of secondary vasculitis. Older studies, predating the 
recognition of hepatitis C, did not make this distinction. An adaptation of one classification 
scheme (32)  is shown in Figure 1 ,  This and other schemes tend to emphasize the characteristics 
of fulminant or classical disease expression, placing emphasis on the specificity of diagnosis, This 
frequently leaves the patient with an early, or form fruste, presentation without an appropriate di- 
agnosis il any of the p~ibl~shed classification schemes i s  strictly adhered to. As the patient’s dis- 
ease evolves, an alternative diagnostic category may become more appropriatc. For instance, the 
patient initially diagnosed with MPA on the basis of glomerulonephritis, vasculitic polyneuropa- 
thy, alveolar hemorrhage and the presence of P-ANCA, might later be rediagn~sed with WG 
when he develops sinusitis and cavitating pulmonary nodules. The use of “overlap” diagnostic 
categories in clinical practice highlights the limitations of our cui-renl classification systems. 
Nonctheless, c lass i~cat io~ schemes remain useful aids to identify patients with fairly homoge- 

Figure 1 Classification of the systemic vasculitides. (Adapted from Ref. 32.) 
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neous patterns of disease for participation in clinical trials, and for dictating specific therapies for 
certain disease groups (i.e., initial coinbination therapy for patients diagnosed with generalized 
WG). 

After, or simultaneously with, the exclusion of iioiivasculitic disorders and the most likely 
causes of secondary vasculitis, the tentative diagnosis of a primary vasculitic syndrome is made. 
Detailed descriptions of the individ~d~ vasculitic disorders, along with their differei~~ial diag- 
noses, are offered elsewhere in this book. The following comments relate to the diagnostic strate- 
gies once a tentalivc diagnosis of a specific primary vasculitic syndrome is made. 

The diagnosis of limited cutaneous vasculitis is absolutely depeiident upon the exclusion of 
the other causes o f  small-vessel vasculitis. This is the most common type of vasculltis. Small-ves- 
sel vasculitis may also be a common component of secondary forms of vasculitis, and niay occur 
in patients with primary vasculitic syndronies affecting predornin~i~y larger vessels. Prior to 
making the diagnosis of isolated or limited cutaneous vasculitis, other forms of vasculitis must 
have been ruled out. Purpura generally indicates cutaneous vasculitis, although biopsy may oc- 
casionally identify the presencc of infiltrative, thrombotic or enibolic disorders. Biopsy can also 
be useful to document the presence or absence of prominent IgA deposition (suggeskive of 
Henoch-Schljnleiii pui-pura, NSP), and the deposition of immune complexes at the dermal-epi- 
dermal junction (lupus band test). Patients with linlited cutaneous vasculitis may not need ag- 
gressive treatment. They should receive a detailed physical exmiwaiion and focused 1abc)ratory 
evaluation, including exa~~~iiiiition of a freshly obtained urine sediment, stool henioccult cards, 
complete blood count, liver enzymes, and hepatitis B and C screening, even in the absence of ab- 
normal transaminase levels, The decision to pursue additional studies should be made on an in- 
dividual basis. In a recent review of 303 patients with cu~neoLis vasculitis, atmost 100% of pa- 
tients under the age of 20 had primary vasculitis linlited to the skin, or HSP. On the other hand, 
approximately 40% of adults over 20 years of age had an associated or underlying systemic dis- 
order, and an additional 23% had NSP (22). 

The systemic vasculitic disorders that involve the rnedium-sized muscular arterics (see Fig- 
ure 1) encompass a wide range of clinical syndromes, various siLe mixtures of involved vessels, 
and have several distinct types of histopatho~ogy. Some of these sy~dromes, incl~iding classical 
WG, have predictable enough clinical courses to warrant specific aggressive ~ e a t i ~ e n t .  This ne- 
cessitates an aggre ve evaluation to conlirm thc diagnosis of WG, or document the presence of 
an alternative disorder, in lieu of accepting a more generic diagnosis of necrotizing arteritis. 

Classic PAN, the prototypical arteritis affecting inedium-sized muscular arteries, is now 
classified as a noii-~~mune-complex-associated disea5e affecting only vessels of this site. There 
are no useful diagnostic serological tests for PAN. Infection with hepatitis B or C or human im- 
muno~e~ciency virus (HIV), which can cause a PAN-like syndrome, must be excluded. The pos- 
sible etiological role of other viruses remains lo he defined. hirpura. glornerulonephritis, puI- 
rnonary capillaritis, and upper airway involvemelit are not characteristic findings of PAN when a 
classification scheme based on vessel caliber is strictly adhered to. Their presence in conjunction 
with documented or suspected medium-sited vessel meritis should suggest alternative diag- 
noses, i~iclud~ng v i i~s-ass~ia ted  vasculitis and MPA (25). ~ e u r o l o ~ i e ~ l  iiivolvemeiit i s  common 
in PAN, and if abnormal sum1 nerve conduction is documented on e1ectroniy~)graphy (usually ax- 
onal neuropathy), biopsy may demonstrate necrotizing arteritis within the nerve sheath vascular 
bundle, or only ischemic neuropathy (12). The latter is a suggestive, but not diagnostic, patho- 
logical finding. In the absencc of readily available, affected organs lor biopsy, angiograpby has 
been utilized in an effort to demon~trate the presence of microaneu~sms in medium-sized arter- 
ies. This i s  a u$e,eful but imperfect technique, with s ~ ~ ~ ~ - ~ o - ~ e - d e ~ n e d  test c ~ ~ ~ a e t e r ~ ~ ~ j c s  for the di- 
agnosis of PAN. Yet, under the appropriate clinical circumstances, arteriography may provide the 
only evidence for the presence of a vasculopathy affecting the mediuin-sized muscular arteries. 
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Thrombocytopenia and leukopenia are not characteristic of PAN, and their presence in the setting 
of a polyarteritis-like syndrome suggests an alternative diagnosis such as SLE or hairy cell 
leukemia. Exclusion of atherosc~erotic and throm~~tyc disease may be d ~ ~ c u l t ,  but is necessary. 
Biopsy of a muscle group with pain suggestive of ischemia (claudicationj in the absence of oh- 
structive large-vessel disease may be fruitful. Biopsy of clinically uninvolved muscle is a safe, but 
fairly low-yield, procedure (1 133). It should be undertaken only if there is no acceptable diseased 
tissue to biopsy, and ~ e ~ o g r a p h y  is either unrevealing or unsafe. insufi~cienl data exist to di- 
rectly compare the value of open as opposed to a needle muscle biopsy. 

Generalized WG is characterized by necrotic, granulomalous inflammation of the lung and 
upper airway, and glome~loneph~tis  without extensive immune deposits. Vasculitis affects pre- 
domi~ian~y the small and medium-sized arteries. Careful a t ~ e n ~ i ~ ~ n  during the physical examina- 
tion should be paid to the upper airway, paranasal sinuses, nose, and middle ear; these are areas 
not affected by classical PAN or MPA. The external eye should also be carefully examined. 
Gloi~erulonep~itis must be searched for by reviewing freshly obtained urine sediments. Com- 
puted tomograph~ (CT) scanning may identify pulmonary and sinus involveInent, even when not 
observed on routine radiographs. ANCA testing has value in thc prototypical case (16), but early 
tissue confirmation of the diagnosis is generally preferable in all but the most classic of circum- 
stances. Vasc~litis may at times be difficult to find in the biopsied samples of necrotic lung or 
upper airway tissue. Small sample size complicates this further: and lesion-directed open lung 
biopsy has the highest chance of revealing diagnostic pathology. The wide variety of pathologi- 
cal findings seen in the lungs of patients with WG have been described in detail (34). Thcy in- 
clude the triad of vasculitis, necrotidng in~ammation~ and granu~omas with giant cclls. However, 
all features may not bc seen in all specimens. Tissue eosinophilia at times may be significant. It 
is necessary to exclude the infectious causes of granulomatous inflammation. Biopsy of nerve or 
kidney is unlikely to provide specific pa~hologica~ evidence for the diagnosis of WG. Renal 
biopsy is likely to demonstrate a iiecrot~zing gloi~e~~lonephr~t is  with the absence of extensive im- 
mune deposits, but no specific findings of WG. Characteristic pathology can at tirnes be. found in 
biopsies of inflammatory lesions in atypical locations. including the lower genitourinary tract 
(35). skin. or breast. 

Microscopic polyangiitis involves medium muscular and snialler arterial beds. Giant cells, 
which me frequently secn in the inflamed parenchyma of patients with WG, are by definition ab- 
sent. Upper airway disease is less prominent or absent, but otherwise, patients with MPA may re- 
semble those with WG, UIder case series d e s c ~ b i n ~  patients with "FAN" also included patients 
with features of MPA, thus accounting for the variable proportion of patients rcported as having 
PAN with glornerulonephritis or alveolar hemorrhage, findings typical of MPA, but not of classic 
PAN. Patients with MPA may have circulating ANCAs with specificity toward myeloperoxidase 
and, less often, proteinase 3. However, a positive ANCA, even with myeloperoxiddse spec~ficity, 
is not sufficient to warmnt the diagnosis of MPA (16). Renal biopsy generally demonstrates a 
necrotizing, often proliferative glomerulonephritis without extensive immune coinplex deposi- 
tion. Presence of significant i m ~ u n ~  staining should suggest that the MPA syndrome is second- 
ary to SLE or infection, particularly hepatitis C .  Since infection with either hepatitis B or C or 
HIV can cause a PAN- or MPA-like disease, it is reasonable to exclude these infections in all pa- 
tients who present with either of these syndromes. Abdoininal angiography, jf performed, infre- 
quently demons~ales ~ ~ ~ o a n e ~ y s i n s  (25). 

Churg-Strauss syndrome is a rare vasculitic disorder that cliiiically and histologically may 
resemble WG. PaEients often have prominent extravasculx granulomas, neuropathies, chronic 
upper airway symptoms and noncavi tating pulnionary infiltrates. Patients with Churg-Strauss 
syndroine (36) ~iivariably have a history of atopy or asthma, often of relatively recent onset. The 
asthma may abate when the vasculitic phase of the disease begins. Eosinophilia and tissue infil- 



tration with eosinophils is common. Glomerulonephritis is less common and generally less severe 
than in WG, although renal biopsies may be siixilar. Cardiac involvement i s  common, unex- 
plained resting t a c h y c ~ ~ a  should not be ignored- ANCAs, some with a n ~ y e l o p e r o x ~ ~ a s e  ac- 
tivity, niay be present (IG), but havc no specific diagnostic utility. The diagnosis should bc sus- 
pected on clinical grounds, and supported by eosinophilia and tissue histopathology of vasculitis, 
often with prominent eosinophil infiltration. Extravascular granulomalous nodules may occur in 
the skin. 

Giant cell arteritis (GCA) of the elderly i s  a disorder that affects the exrracranial branches 
of  the aorta, as well as the aorta itself. Biopsy of the superficial temporal artery may provide ev- 
idence of the characteristic vasculitis with elastic membrane destruction, adventitial cellular in- 
~ I ~ a t i o ~ ~ ,  and giant cells. Giant cetIs are not uniformly present in all biopsy samples. Skip areas 
of involvement are typical, and acquisition of a large biopsy specimen is recommended (15). Ri- 
lateral temporal artery biopsy seems to increase the diagnostic yield. A particular constellation of 
symptoms/findings in an elderly patient has a statistically high association with positive superfi- 
cial temporal artery biopsy: new headache, jaw claudication, arid elevated e ~ t ~ ~ y t e  sedimen- 
tation rate (ESR). The clinical diagnosis may even be more assured in the coincident presence of 
polymyalgia rheumatica. When these features rapidly resolve with corticosteroid therapy, the di- 
agnosis a€ GCR i s  ahnost certain. <&her types of vasculitis including WG and PAN (381, as well 
as amyloidosis, have been reported to iiivolve the superficid temporal arteries and cause similar 
symptoms. A case of atherosclerotic obliterative disease causing amaurosis, unilateral headache, 
and jaw claudication has been reportcd (39), carotid artery dissection can cause similar symp- 
toms. There are no specific serologic markers of this disease, and the acute phase response is an 
imperfect guide to diagnosis (<20% of patients may have a low ESR) or therapy. Giant cell ar- 
teritis may cause striking constitutional symptoms, including fevers, wasting, and polymyalgia 
rheurnatica. Peripheral synoviris may occur, but other forms of inflammatory arthritis of the el- 
derly should be excluded (is., pseudogout). l generally obtain at least a unilateral biapsy of the 
superficial temporal artery when the diagnosis of GCA is suspected. Although, a strong argument 
can be made that the patient should be treated with a trial of  corticosteroids, in the setting of the 
above listed constellalion of symptoms, even i1 the biopsy is negative. 

Takayasu’s arteritis (TA) and GCA have a similar pattern of vessel i ~ v o ~ ~ e m e n t .  ~ a k a y ~ ~ s u ’ ~  
arteritis i s  diagnosed in youngcr patients and chardctcristically affects the more proximal aortic 
vcssels with arch and upper extrcniity predominance. ?’issue-confirmed diagnosis of Takayasu’s 
arteritis is a rarity due to the inaccessibility of suitable biopsy material, except at the time of major 
vascular- surgery. The ~ath(~1ogy in Taka~asu’s arteritis i s  similar, if’ not identical, to CCA. The 
role that vascular magnetic resonance imaging (24) can play in the diagnosis and management of 
the large-vessel inflammatory disorders remains lo bc defined. At present, the diagnosis of 
Takayasu’s arteritis is generally made angiographically, but occasionally it is suggested by tissue 
obtained at the time of aortic or coronary surgery. The possibility that a viral or chia~ydial vec- 
tor is responsible for initiation or perpetuation of these large-vessel diseases remains to be estab- 
lished. ’The major differential diagnoses include atherosclerosis, fibromuscular dysplasias, sar- 
coidosis, biochemical disorders of  connective tissue, and arterial hypercoag~ilable states. 

The diagnosis of a systeinjc vasculitic syndrome should be predicated upon clinical evidence ob- 
tained from the history arid physical examination. The pattern of organ involvcmeiit should be de- 
lineated as thoroughly as possible by examination, laboratory, and appropriate imaging tech- 
niques. ‘be mimics oF systemic vascufitis should be excluded, and a tissue diagnosis should be 



obtained if possible. The siie of the biopsy should be determined by the specific suspected diag- 
nosis, coupled with evidence that the site to be biopsied is clinically involved with the disease 
process. If vascu~itis is identified, the secondary causes of vasculitis should be excluded. Testing 
for specific ANCAs, with identification of the antigen PRJ or myeloperoxidase, should not sup- 
plant efforts to obtain a tissue diagnosis, except in the most "textbook" cases of Wegener's gran- 
ulomatosis or microscopic polyangiitis. Giant cell arteritis of the elderly should ideally be diag- 
nosed by biopsy of a superfic~al temporal artery. Takayasu's arteritis usually must be diagnosed 
by angiographic demonstration of characteristic stenotic andlor aneurysmal lesions of the m+ior 
branches of the aortic arch and aorta. The possibility of infection, malignancy, or an unusual drug 
reaction must always be considered. 
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1. INT 

Numerous unrelated etiologies and pathogenetic pathways may manifesl as i n ~ a m ~ a t i o 1 ~  of ves- 
sels. For the systemic vasculitides, tlie range of m o ~ ~ o ~ o g i c a l  findings is narrower than the din- 
ical spectrum. Morphology is thus only partially reflective of underlying mechanisms and clini- 
cal manifestations (1). A certain inflammatory pattern may denote several diseases. Conversely, 
a given clinical disease or s ~ n ~ o n i e  may manifest itself by mmc than one in~aTrimatory pattern. 
Leukocytoclastic vasculitis (LCV) as a puthdogigiucd finding exeniplifies this lack of specificity. 
~~ukocytoelast~e vasculitis may be identified in such unrelated diseases as d ~ ~ - i I ~ ~ ~ c e d  hyper- 
sensitivity vasculitis, Henoch-SchBnlein purpura, and Wegener's granulornatosis (2). By the 
same token, the diseuse giant cell (temporal) mteritis may manifest itself in the biopsy specimen 
as a transmurd ~ranulo~atous  infiltrate with giant cells or as a nondescript lymphocytic i n ~ ~ ~ a t e  
in the outer arterial media and a d v e n ~ ~ ~ j ~ .  in diagnostic pathology~ therefore, f a i ~ l i a r ~ ~ y  with the 
anatomical distribution, vessel size and type, clinical features, and microscopic findings is a pix- 
requisite for meaningful diagnostic intespretation of vasculitic diseases. All paranieters must be 
evaluated and correlated with the ~ i o ~ ~ ~ o l o g y  before f o ~ ~ u l a t i n g  a h i s topa tho~o~ic~  diagnosis. 
A tissue diagnosis that flies in the face of clinicd impression is usually wrong. The pathologist's 
role in the diagnosis of vasc~litidcs i s  kwofold: 

1. 
2. 

It i s  a tenet irr the ~ s t o p a ~ o l o g ~ e ~ l  diagnosis of nonneoplas~~~ diseases that specimens 
should be initially examined and the pattern of injury determined without prior knowledge of 
clinical data. The absence of specific and pa~hogno~lonic features in most biopsy specimens may 
lead an already biased pathologist to merely reinforce a clinical impression and possibly perpet- 
uate diagnostic errors. Nevertheless, a definitive diagnosis should never be formulaled without 
correlation with dinica1 and laboratory findings and consultation with a ~ t e I ~ ~ ~ i g  physicians. The 
following review deals with the pathology ol' the mgjor primary vascditic syndromes as defined 
by the American College of Rheu~iatology in lc)90 (3). Each of these clinical entities is discussed 
under the beading of the predominant histopathological pattern of injury associated with a dis- 
ease or syndroine. 

To confirm the presence or absence of i n ~ a m m a ~ o ~  injury 
To characterize and classify the pattern of injury 

255 
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II. ~ ~ ~ ~ Q M I N A N T L Y  GRANULQMATOUS VASCUUTIS 

A. Giant Cell (Temporal) Arteritis 

Giant cell arteritis (GCA) is the prototype of a granulomatous vasculitis. The classic appearance 
is that of t r~smura l  inflammation with a predilection for the supeiicial temporal artery and i t s  
branches. Lymphocytes predominate in the infiltrate, accompanied by varying numbers of poly- 
inorphonuclear leukocytes, chiefly neutrophils but also eosinophils in approximately 10% of 
cases. Celiular mttcoid ii~tiIna1 thickeiiin~ causes near-total occlusion of  the vascular lumen (Fig. 
la; see color plate). The extent of iritimal proliferation correlates with the production of platelet- 
derived growth factor by macrophages and multinucleated giant cells at the intima-media border 
(4,5). Epithelioid histiocytes and multinucleated giant cells occupy the junction of intima and 
media, invariably accompanied by a piecemeal "flea-bitten" destruction of the internal elastic 
lamina (see Fig. 1 b,c; see color plate). Small arterial branches adjacent to the main vessel may be 
similarly affected (Fig. 2). Lymphocytes may be proininenr in the adventitia, oftcn accompanied 
by fibrotic transformation of the outermost vascular layer (Fig. 34.  In soine patients, especially 
in the early stages of disease, i n ~ a m m a ~ o n  may be l i i ~ i ~ e d  to the advent~tia. This observation is 
supported by experimental evidence suggesting that interferctn-y-producing T cells may initially 
encounter B disease-relevant antigen in the arterial adventitia (6). M~ltinucl~ated giant cells are 
identified in approximatcly two-thirds of specimens froin patients with GCA (7). Their absence 

Figure 2 Giant cclt (temporal) arteritis. (a> Low-power overvicw of inflamed main vessef and branches. 
(b) Detail of small branch of temporal artery with transmural inflammation and lumind occlusion. 

Figure 3 Giant cell (temporal) arteritis. (a) I n ~ ~ ~ m a ~ o n  limited to the adventitia. (b) Circumfereiitial 
band-like fibrin deposit in inner media. 
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does not negate the diagnosis of GCA. The one constant finding is damage to the internal elastic 
lamina. An intact internal elastic Lamina should raise diagnostic possibilities other than GCA. I n  
a mintrrity ol‘ patients, a bmd of fibrinoid deposits is observed in the media (see Fig. 3b). This 
should not be confused with the transmural fibrinoid necrosis characteristic of polyarteritis no- 
dosa. The relationship between clinical findings and histopathological appearances is variable. A 
scverel y ill patient may have mild inflairnation on biopsy. Conversely, the ~sto~athological find- 
ings may he florid in asy~ptoina~ic  patients following several weeks of successful treatment with 
corticnsteroids (8,9). Occasionally, attending physicians will postpone ~ ( ~ r ~ i c ~ s t e r o i d  treatment 
until biopsy has been obtained, fearing that a “false-negative” biopsy may rcsult. Such concerns 
are unnecessary. The structural damage, including inflammatoiy cells, will persist long after the 
disappearance of symptoms. 

Takayasu’s arteriris (TA) shares significant histopatho1~)gical overlap with GCA despite the 
marked dcmogpphic and clinical differences between these entities (10). Affecting chiefly the 
aorta, including the aortic valve, and its major branches, the i n ~ a ~ ~ a t i o n  in its early stagc i s  pre- 
dominantly nonnecrotizing and granulomatous, involving the elastic media of these large vessels. 
In the usual clinical scenario, the florid stage is characteristically seen on biopsy specimens (Fig. 
4a). By the Fime patients undergo reconst~c~ive vascular surgery, the disease has entered a fibro- 
obliterative stage (see Fig. 4b) usually with scant in~a~nmation, including the absence of giant 
cells. 

C. Disseminated Giant Cell Arteritis 

A small but s ~ g ~ i ~ c a n t  minority of patients with GCA, ~ s s i b i b l y  as marry as 15%, may have ev- 
idence of ~7~sculitis iiivolv~ng vessels other than branches of the common carotid arteries (1 I ) .  
The demographics of d j s s ~ ~ n a t e d  GCA are different from the exclusively crclniat variant, some- 
times affecting children (12). Giant cell aortitis will cause loss of elastic fibers and smooth mus- 
cle cells within the media (13), eventuating in aortic dissection (14,lS). The histopathology is 
similar to GCA elsewhere with the added feature of medial elastic destruction (Fig. 5).  

figure 4 Talcayasu’s arteritis. (a) Florid ~ r ~ ~ ~ u l o I ~ a t o u s  i ~ f l ~ ~ a ~ i ~ n  of aortic media. (bf Chronic in- 
flammation and intiindl fibrosis in avillary artcry a1 rcconstrttctivc surgery. 
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Figure 5 Disseminated giant cell arteritis, (a) Focal infkimatory destnrctioit of aortic media. (b) IHigh- 
power detail of inflammatory focus with m~ltinuelea~ed giant cells. (c) Absence o€ elastic fibers (Lawson’s 
elastic-van Gieson stain) demonstrates localized character of inflammatory destruction in aortic media. 

D. ~ ~ ~ t r ~ l  Nerwous System Vasculitis 

Intracranial, including intracerebral, vessels may be affected by most or all known primary and 
secondary systemic i n ~ a ~ a t o r y  vascular disorders. Primary vasculitis limited to thie brain and 
spinal cord, also known as primary angiitis of the central nervous system (PACNS) is rare. It 
derives i ts  significance chiefly Irom its severity and poor outcome. It is preeminently a skip phe- 
nomenon, so that a negative brain biopsy does not negate i t s  presence (16). Although a granulo- 
matous histopathology is common (1 7,18), probably close to half of patients present with non- 
granulomatous features, with or w ~ t h o ~ t  necrosis (19,ZO). 

Typically, however, several pattenis may coexist with granuloniatous inflammation in the 
same specimen, Le., lymphocytic and/or necrotizing vasculitis (Fig. 4). 

A. Polyarteritis Nodosa 

P o I y ~ e ~ t i s  nodosa (PAN) is the prototype of a necrotizing vasculitis. Limited almost exclusively 
to the arterial side of the circulation, PAN may affect vessels of all sizes, including capillaries, ex- 
cept large elastic arteries. Considerable confusion and controversy exist regarding the nosology 
and classi ficntion of PAN. From the standpoint of  histopathology, the subdivision proposed by the 
Chapel Hill Conference represents a practical approach (21). In this scheme, the term “poly- 
arteritis nodosa” is reserved for inv~~lvem~nt  of vessels larger than arterioles. Vasculitis affecting 
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Figure 6 Central nervous system vasculitis. (a) Granulomatous vasculitis within gray matter. (b) Necro- 
tizing vasculitis in Xeptomenixigeal vessels. 

arterioles, capiftarics (and possibly venules) is termed “ ~ ~ c r o s c o ~ i c  polyangiit~s” (MPA). Srnalf, 
“microscopic” vascular involvement is the defining criterion, so that all patients with microscopic 
disease, with or without involvement of larger vessels, are placed in the category of MPA. Thus 
defined, there remains a small group of patients whose disease is limited to niediuJ~-si~ed arter- 
ies, or “classic” PAN. From the pathologist’s perspective, such division is hclpful, since the 
anatomical differences between medium-sized artcries and capillaries, i.e., lack of discernibie 
three-layered struc~res in the latter, of necessity impart a diRerent appearance to the vasculitic 
process. This nosological approach has not, however, met with universal acclaim (22) .  Micro- 
scopic polyangiitis is discussed separately later in this chapter. 

In medium-sized arteries, “classic” PAN c h ~ ~ c t e ~ s t i c a l l y  causes transmural necrosis, the 
vascular wall assuming a homogeneous eosinophilic appearance, with obliteration of i ts  distinc- 
tive layering. I n f l a m ~ ~ t ~ ~ r y  infil~ates, po lymo~honuc le~  leukocytes aidld, more pro~nin~ntiy, 
lymphocytes, may be heavy or absent, with scattered infiltrates limited to the adventitia (Fig. 7). 
The necrosis and inflammation may be sectoral, i.e., affecting crnly part of the circumfercnce 01‘ 
a given arterial segment. Sampling segments only a few microns apart in a given vessel may re- 
veal active necrosis alternating with segments of  healing and scarring. Whether sectoral or cir- 
cumferential, the necrosis gives rise to the characteristic aneurysm fonnalions observed on  an- 
giograpby. Classic systemic PAN as a clinical entity is tare. Not infrequeii~y, however, isolated 

Figure 7 Polyruteritis nodasa. (a) Low-power view oE necrotizing vasculiljs in ileal mesentery. (b) Trans- 
mural fthrinoid necrosis involving portion of vascular circunlfefcnce and causing thinning of vessel wall. 
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Figure 8 Poiyarteritis nodosa, {a) Fibrinoid necrotizing vasculitis incidentally discovered in appendiced 
serosa at appendectomy. (b) High-power detail ~ e i ~ o n s ~ a t ~ n g  fibrinoid necrosis and pcrivascular inflam- 
mation. 

lesions of PAN may be discovered in surgical specimens removed for reasons apparently unre- 
Iated to a vasculitic process (Fig. 8). These findings may be of significance, e.g., in bowel infarc- 
tion due to a localized PAN affecting mesenieric arteries (23) .  In thc majority of these cases, how- 
ever, this finding does not connote a systemic vasculitic syndrome and surgical removal of the 
affected segment is curative. More frequent is isolated necrotizing vasculitis in branches of the 
cystic or appendiced arteries in cholecystectomy or appendec~omy specimens (24,25). Possibly, 
these represent localized immune complex deposition, “Arthus ~he~~omenon  .” Evcn if they are a 
significant finding to be brought to the attention of attending physicians, these localized vasculitic 
phenomena do not, by themselves, justify a diagnosis of a systemic vasculitic syndromc. Finally, 
PAN may represent a an unexpected, and sometimes confusing, finding in biopsy obtained to con- 
fimi a diffcrcnl vasculitic process (Fig. 9). 

: Fibrinoid necrotizing vasculitis of medium-sized artecics is a scnsi- 
tive marker for PAN. Its specificity is less, since identical vascular lesions are seen in the vas- 
culitides accompanying rheumatoid arthritis and systemic lupus erythematosus (SLE). 

~ ~ e r ~ ~ ~ ~ a l  diagrzo 

B. Churg-Strauss Syndrome 
Churg-Straws syndrome (CS), especially early in its course, is characterized by fibrinoid vascu- 
lar necrosis identical to FAN. With time, however, in contrast to PAN, granu~omat~~us inflamma- 

Figure 9 Polyarleritis nodosa. (a) Temporal artery biopsy. The main vesset i s  intact. (b) High-power de- 
tail d small branch of temporal artery demons~~ting p o l y ~ ~ e r ~ t i s  nodosa. 



tioii becomes the histological hallmark of CS. Polyarteritis nodosa and Churg-Strauss syndrome 
share some pa thogc~~e~c  pathways, in particular m y ~ ~ ~ ~ ~ e r o ~ i d a s e - s p e c i ~ c  P-ANCA positivity in 
the majority of CS patients expressing antineutrophil cyroplasmic antibodies (ANCAs) (26,27). 
Nevertheless. clinical differences are significant, especially the strong association of CS with 
asthma and peripheral blood eosinophilia and the lower frequency of necrotizing gfoineru- 
loncphritis. The histopatliology of CS reflects these differences. By the time a patient with CS i s  
biopsied, eosinophil-rich nonnccr-otizing grariulomatous inflairnation is most frequently en- 
countered (Fig. 18. LO; see color plate). 

C. W~gener’s 
Necrotizing ~ ~ u l o m a s  are the ~istologica~ h a l ~ m ~ k  of Wcgener’s granulo~atosis ( ~ G ~ .  For 
histopathological confirmation of WG in the upper airways and lungs, identifying vascular in- 
flammation is not required, The diagnostic yield is greatest with open lung biopsies, followed by 
endoscopic biopsies of the upper airways, including, in particular, the paranasal sinuses, The 
necrosis i s  noncaseating, typically assuming irregular (“’geographical”) outlines (Fig. 18. i I ; see 
color plate). The viable tissues bordering the necrotic areas consist or epithelioid histiocyics 
(“palisading granuloma”), with or without m~l~inuciea t~d  giant cells. ln the classic syndrome, the 
upper airways arc most frequently affected (87%), followed by the lungs (69%) and kidneys 
(48%) (28). In addition to palisading granulomas, the tissue manifestations of WC include vas- 
culitis affecting both arteries and capillaries (29,301. The arteritis may be granuloma~o~~,  fibri- 
noid necrotizing, or both (Fig. 18. I lc; see color plate). If C-ANCA p ~ ~ s i ~ i v i ~ y  defines WG and 
myeloperoxidase-specific P-ANCA positivity defines MPA, pulmonary capillaritis occurs with 
similar frequency in both. Dcstiwtive and infiltrative lesions are, however, more coininon in  WG 
than in MPA. Such nonca~i l l~i t ic  lesions include bronc~~olitis o b l i ~ e r a n s ~ r ~ a n ~ ~ i n g  pneurno- 
nia, peribrunchial lymphocytic inflammation, and necrotizing granulomata (31,32). Due to the 
extensive organ damage and the disrnal prognosis of untreated WG (33)’ prompt and accurate tis- 
sue diagnosis is essential. With rare exceptions (341, the renal man~festa~ioi~s of WC are identical 
to those seen in MPA (see below). 

D. ~ i c ~ ~ ~ c ~ ~ ~ ~  ~ ~ ~ y a n ~ j ~ t j s  

Microscopic polyangiitis (MPA) by definition affects vessels visible only microscopically, i.e., 
capillaries, arterioles, and venules. In general, these are vascular channels whose outer diameters 
are less than 500 microns. Vessels of this size tack the well-defined triple layer~ng of their larger 
counterparts, i.e., a discernible intimal cndotheli~l layer, a continuc)us internal elastic lamina, a 
muscular media, and a defined adventitia. Pulmonary capiliaries x e  thus composed of an en- 
dothelial layer internal to a discontinuous basal lamina but lack both an elastic lamina aiid a dis- 
cernible media. A concentration of i n f l ~ ~ a t o ~  cells, ~~YIno~honL~cIea r  leukocytes and 1 yni- 
phocytes, in and around alveolar septa1 capillary, therefore, suffices as pulmonary capillaritis 
(Fig. 18.12a; see color plate). In the lung, this may represent the only histological abnormality in 
MPA (see above). Patients with Wegener’s gra~iu~o~iiatos~s in additio~ to capi~lar~tis~ ogten display 
large geograpliical necrotizing granulomas. 

The renal glomerulus is where the histopathological manifestations o f  the ANCA-positive 
small vessel vasculitides, ke.? Wegener’s ~ ~ a i ~ u l o ~ a t o s i s ,  Churg-Strauss syndrome, and micro- 
scopic polyangiitis converge. Although their seminal study from 1954 deals primarily with We- 
gener’s granulornatosis, Godman and Churg ( 3 5 )  recognized that WG, CS and the condition cur- 
rently termed MPA share a common expression in small vessels, md arc thus related. I n  the 
kidney, necrotizing glon~eru~oiiephntis (GN) is the most frequent and characteristic renal mani- 



festation of MPA. Some aiithorities evcn define a specific entity, renal-limited MPA (3 I ) .  Irre- 
spective of competing cl~sification schemes, necrotizing GX is the defining g l o m e ~ ~ l ~  lesion in 
these small-vessel vasculitides. Histologically, the necrosis is segmental, i.e., affects some glo- 
merular capillary tufts and consists of disruptions of the glomerular capillary wall, along with fib- 
rinous and ~ n f l ~ m a ~ o ~  exudates, chiefly polyrnorphonucl~ar leukocytes (Fig. 18.12b; see color 
plate). Crescents, composed of parietal epithelium (derived from Bowman’s capsule), and mono- 
and ~ o l  ymo~honuclear leukocytes usually about the exlernal aspect of the affected glomerular 
segment. The severity of disease dictates the proportion of glomeruli affected and the extent o€ 
destruction within a given glomerulus. Depending on the duration of the process, crescents may 
be p r e d o m ~ ~ ~ t ~ y  ce&hr in early lesions, i.e., parietai epithelium and in~ammatory celis, or ii- 
brous. Vasculitis of extraglornerular vessels i s  an inconstant finding in NIPA. E x ~ a ~ l o m e ~ ~ ~ ~  
vasculitis and/or interstitial renal granulomatous inflammation, with or without necrosis, are 
more common in both CS and WG (Fig. 13a). Sometimes, however, segmental glorncrular necro- 
sis extends proximally into an afferent arteriole (see Fig. 13b). 

The necrotizing glomerular lesions of MPA, WG, and GS do not, by definition, display im- 
mu~oglobulin deposition, i.e., they are “pa i ic i -~~une .”  Not infrequently, however, direct irn- 
munufluorescence will reveal weak positivity for IgM and the third component of complement. 
This finding probably represents passive trapping of large protein molecules in structurally dam- 
aged glomer~l~.  Fibr~noge~ is char~cte~is t j~al~y trapped in active cellular crescents. 

Dgeerential diugnosis: Glomerular histopathology identical to the small-vessel vasculitides 
is characteristically seen in several unrelated disease categories. In fact, most gloinerulonephri- 
tides, ~ ~ h e t ~ e r  p~masy  or associated with systemic diseases. may manifest ~ ~ ? ~ h ~ l ~ ~ g i c a I l y  with 
segmental necrosis and crescents. The systemic immune complex-mediated connective tissue 
diseases, primarily systemic lupus esythematosus frequently manifest as necrotizing GN. Anti- 
g l o n i e ~ ~ a r  basement membrane ailtibody-mediated disease (e.g.. ~oodpasture’s syndronie) also 
presents with necrotizing and crescentic GN. Thc presence of granular (SLE) and linear (anti- 
GBM disease) immune deposits in these diseases removes them from the pauci-iimune category. 
The ANCAs are also a useful discriminator between the pau~i-~n~Inune glonierulonephritides and 
others. 

In interstitial renal vcsscls, rheumatoid arthritis typically causes a fibrinoid necrolizing vas- 
culitis in its acate stages, The extraglomerular send appearanccs of acceleraled “malignant” hy- 
pertension may be indistingui shable from extraglomerular necrotizing vasculitis. 

Figure 13 Microscopic polyangiitk. (a) Interstitial renal vessel undergoing fibrinoid necrosis (Masson 
trichrome srarn). (b) Renal glomerulus demonstrating segmental necrosis in continuity with fibrinoid necro- 
sis involving tile afferent arteriole entering the giomerulus (Jones methenmine silver stain), 



Histopathology of Vasculitic Disorders 263 

Although nut inherent in thc designation, the term “leukocytoclastic vasculitis” (LCV) is prima- 
rily reserved lor inflamniation of smdl arteries and veins. The “leukocytoclasis” refers to break- 
down of inflammatoiy cells leaving sr*all nuclear fragments, “nuclear dust” (karyorrhexis) in and 
around the vessels (Fig. L8.14a; see color plate). The i n ~ a ~ m a t ~ o n  is typicdly ~ a n s m ~ r a l ,  rarely 
necrotizing, and iiever granuloi~ato~s. Early in its course, LCV may be composed chiefly ofpoly- 
morphonuclear leukocytes to be replaccd later by lymphocytes. Leukocytoclastic vasculitis typi- 
cally affccts the skin. 

Hypcrsensitivity vasculitis (HSV) is the prototype of leukocytoclastic vasculitis. Charac- 
terized clinically by a macu lopa~u l~  or a pui-puric rash, HSV shows varying mounts of karyor- 
rhexis and poly~o~honuclear  leukocytes in and around the waIls of the cutaneous vessefs, Early 
in some drug reactions, cosinophi~s may p~edomina~e, 

The dijJiren8iut diagnosis includes virtually all systemic vasculitides. Thus, patients with 
Wegener’s granulomatosis and skin involvement most commonly manifest as LCV. In a study 
0146 patients from the National Institutes of Health who had WG with skin involvement, Barks- 
dale et 31. (2) identified LCV in ? I % ,  followed by granulatorrtous skin inflammation in 19%, and 
n o n s p e ~ i ~ c  ulceration in 4%. tn children, LCV i s  most commonly a ~ ~ n i f e s ~ a t ~ o n  of Henoch- 
Schtinlcin pnrpura (HSP), followed at soiiie distance by hype~sensi~vity vasculitis. In adults, this 
relationship is reversed (36). Henocli-Schiinlein purpura, a primary systemic vasculitis affecting 
mainly children, inanifc in the skin, gastrointestinal tract, and kidney. The extrarenal histo- 
pathology is that of LCV, possible with an accentuation of fibrinoid necrosis. The renal manifes- 
tations are largely identical to those uf IgA nephropathy (Bergcr’s disease). The characleristic 
changes are those of proliferat ive ~ l o m c r u ~ o n ~ p h ~ l ~ s ,  which may affect some (focal) or all (dif- 
fuse) glcirncruli. Within a single glomerulus, the pro~iferat~on may afFect some capillary segments 
(segmental) or the entire glomerulus (generalized) (Fig. 18.14b; see color plate). Necrosis and 
crescents are seen in a minority of patients. Common to all patients with HSP is the deposition of 
immunoglobulin-A in the affected organs (Fig. 18.14~; see color plate). 
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Diagnosis of and differentiation among the vasculitides remains squarely based on a detailed clirt- 
ical history, thorough physical examination, and appropriate laboratory testing. Of these, the 
physical examination and clinical history will usually form the basis of diagnosis (1). Laboratory 
testing (i.e., serological acute phase reactants and hematological parameters) may be of benefit 
when results arc abnormal; however, thc results are often misleading and do not conelate with 
disease activity in 50% of patient encounters (2-4). This chapter focuses on the contribution non- 
invasive imaging provides in differentiating the vasculitides and defining the ex tent of disease, 
and discusses new techniques that may provide unique information in defining disease activity 
and guiding iherapy. 

The radiographic approach to diagnosis of the vasculitides traditionally has been based on 
catheter-based techniques. For some of the vasculitides, such as Takayasu’s arteritis (TA) and 
Buerger’s disease, conventional angiography has been considered the gold standard for diagno- 
sis. The catheter-driveii iutgiogr,uns provide exquisitely detailed images of  the vascular tree 
lumen, including the small arteries; however, the acquisition of the images requires an invasive 
prctcedure and exposes the patient to a s ~ ~ ~ ~ ~ f i c ~ t  a m ~ u i ~ t  of ionizing radiation. A d d i t i o ~ ~ l  y, the 
required iodinated contrast material is po~~n t i a l~y  n ~ p ~ r ~ ~ ~ o x ~ c .  These i i ~ t ~ t i o n s  have opened the 
door for the newer, noninvasive imaging techniques of ultrasound (US), com~uted tomography 
(CT), and magnetic resonance imaging (MRI) as adjuncts to and possiblc rep~acements for 
catheter-based techniques in the d i~gn~~s t i c  evaluation of patients with vascufitis. 

U ~ t ~ ~ s o u n d ,  CT, and MRI all have finite resolution that limits their iI~aging of small arter- 
ies. They are most adept at imaging the large and medium-sized arterial vessels; small-vessel vas- 
cufitides necessarily must he addressed using conventional catheter angiography. This chapter is 
limited to discussing those vasculitides involving the medium-sized and large vessels, including 
TA, giant cell arteritis (GCA), and infectious vasculitides such as syphilitic arteritis. 
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II. IMAGING TECHNIQUES 

A. ~ l t r a s ~ u n d  

Ultrasound is a noninvasive technique ihat has found widespread practical app~ica~~on in imaging 
of the human body. Ultrasound imaging requires no ionizing radiation or intravenous contrast 
agents. In addition, the ultrasonic sound waves employed havc no known delcterious effects in 
humems and i ~ a g i n g  can be performed real-time and, if necessary, portably. 

For imaging of the vasculitides, US has its greatest utility in evaluation of the medium- 
sized, more peripheral arteries, with lesser utility for the largc arteries (5).  The abdominal aorta 
is accessible when a limited amount of overlying bowel gas is present. However, evaluation of the 
abdominal aorta is often limited to a simple analysis of size. The low-frequency transducer 
needed to peneirate the typical distances encountered limits evaluation of wall thickness and wall 
characterization. As a result, US of the abdominal aorta is usually limited to follow-up evaluation 
of abdominal aortic aneurysms looking for changes in size (Fig. 1). The pclvic arteries, too, arc 
relatively deep in the soft tissucs of the pelvis and, similar to the abdominal aorta, aIso may be 
difficult to evaluate with ultrasound. 

Tnlerposition of air between the chest wail and aorta impedes full evaluation of the thoracic 
aorta, paJricularly the arch and descending portion. Transthoracic echocardiography can visual- 
ize the proximal aqcendiiig aorta when an adequate acoustic window is present, but is limited in 
certain groups of patients. Spccifically, patients with retrostemal fibrosis and scarring from prior 
median sternotomy or thoracotomy, obese patients with abundant chest-wall adipose tissuc, and 
patients with hyperinflated lungs from chronic obstructive pulmonary disease frequently have 
poor acoustic windows that significantIy limit evaluation with US techniques. Transesop~~geal 
echocardiography produces detailed images of the thoracic aorta (with the frcquent exception of 
the aortic arch), but i s  unable to evaluate the a b ~ o m j ~ a l  aorta; it %lilt not be discussed further as 
it is not a "noninvasive" technique. 

The previously rnentioned limitations of US restrict its use for evaluating the large arteries; 
however, it is ideally suited to study the medium-sized branch vessels of the aorta. Specific vas- 
cular regions that have been investigated with US include the common carotid, proximal internal 
and external carotid, temporat, and femoral arteries. The use of high-freque~~y transducers pro- 
vides detailed information regarding wall thickness and intimal surface characteristics. Under 
ideal conditions, US can even discriminate between adventitial and medial involvement, and 
identify areas of pe r iv~~cu~ar  edema (6). 

B. ~ ~ ~ p ~ t ~ d  T ~ ~ o g r a p h y  

Computed tomography has been a mainstay of noninvasive imaging for over 20 years. Its advan- 
tages include the ability to image large weas of the human body, relativcly rapid data acquisition, 
and relatively high spatial resolution. The recent development of spiral acquisition techniques 
has enabled even faster scanning along with improved v o l u ~ i e ~ i c  ~h~c-dimei~sional (3-Df re- 
construction capabilities. The limitations to CT include exposure to ionizing radiarion and po- 
tentially nephrotoxic contrast agent, the practical limitation of acquiring data in the axial plane, 
and the Iack (~~fu?~ct jonal  infor~ation, snch as blood flow dynamics or heart valve function. De- 
spite these limitations, CT may provide important details regarding the degree and nature (e.g., 
c a l c i ~ ~ ~ t ~ o r i )  of wall thickeniiig and extent of disease (7,8). Thc addition of 3-D reconst~~ct~on 
techniques contributes angiogram-like images highlighting areas of stenosis, occlusion, or aneu- 
rysmal dilation (9). 
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Figure 1 Ultrasound images of thc abdominal aorta. The upper patiel is a longitudinal view of the aorta 
in a young adult. The aortic wall has a smooth lumiiiol surlace, but the resolution i? insufficient to measure 
the wall ihickness o r  diffexmtiate the three layers. The lower pmd i5 a longitudind view lrom an elderly 
d u I t  with athcrostlerosis; the liiminal surface is  irregular and focal echogenic areas that cause shadowing 
identify areas of calcification (black mow).  

C. Magnetic Resonance Imaging 

Magnetic resonance imaging is the most comprehensive of the available noninvasive imaging 
techniques. Similar to CT, hiiRl can image large areas of the human body in the transaxial plane, 
but is also capable of  directly acquiring images in sagittal and coronal planes, and complex 
oblique orientations. 

Spin-echo (or “ b l ~ c k - ~ ~ o ~ ’ ~  imaging can provide excellent ~ a t o m i ~ ~ l  ~ n f o i ~ ~ a t ~ o n  about 
vessel anatomy, wall thickness, and characteristics of the tissue comprising the thickened arterial 
walls. Recent studies have suggested MRI’s ability to identify inflammatory changes within the 
vessel walls after the adminis~a~ion of the MRT contrast agent, gadolinium, or with the use of 
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newer sequences that are “edema-weighted.” Gradient-echo sequences that are gated to the elec- 
trocardiogram produce cinematic, movie-like images that provide functional information, such as 
cardiac valve ~ ~ n ~ ~ i ( ? n  and vessel blood flow dynamics. Finally, fast magnetic r e s ~ n a n c ~  angiog- 
raphy (MRA) techniques generate angiogram-like images during a patient’s single breathhold of 
10-15 duration. These images can be acquired in any orientation to focus on the vessels of inler- 
esl and provide detailed evaluation of the vessel lumen and stenoses with quality approaching that 
of a conventional, catheter-based angiogram (Fig. 2). Notably, this information may be obtained 
without exposing patients to ionizing radiation or nephrotoxic contrast agents. 

Despite the multiple advantages MRI has over other less comprehensive noninvasive im- 
aging techniques, it has not gained wide~pr~ad  acceptance for a variety of reasons. Currently, 
MRI may be more expensive than CT or ultrasound to perform, i s  less widely available, and the 
imaging results may be equally or more operator-dependent than CT or US. Further, higb-reso- 
lution imaging with definition comparable to US may be unduly time consuming. 

II. IMAGING FINDINGS OF THE VASCULlTlDES 

A. Takayasu’s Artetitis 

Takayasu’s arteritis is chAracterized principally by circumferential wall thickening that has a 
smooth intimal surface. The wall thickening typically affects the thoracic andlor abdominal aorta 

Figure 2 Magnetic resonance angiography of‘ the thoracic aorta and arch branch vessels. This young fe- 
male with TA has a long, severe stenosis of the left common carotid artery (arrowhcad) and complete oc- 
clusion of the proximal left snbciavian artery (asterisk) with subciavim “steal” phenomenon, k, the left 
vertebral artery has retrograde flow providing blood supply to the mid- and distal left subclavian artery 
ferrowf. The detail obtained i s  less than that of a conventi~n~~ a n ~ ~ o g r ~ ,  but the MRA can be instramen- 
t d  in planning further therapy, whether it be medical, catheter-based, or surgical. 
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and primary branch vessels, resulting in lurriinal narrowing and stenoses. Vessels may become oc- 
cluded when disease invoivcment is severe. The inost common patterns of involvcmcnt have been 

fied by N u ~ a n o  et al. (lo), with the most typical pattern cons~sting of wall ~ ~ i c k e ~ n g  
of the ascending aorta, aortic arch, and extending into the arch branch vessels. 

The normal aortic wall has a thickness of 1-2 m, which may increase up to 7 or 8 mm or 
greater in acute TA. Chronic scarring will often decrease the wall thickening compared to the 
early or acute stages, though the thickness of the wall typically docs not return to norm& The 
wall thickening in TA i s  ofren characterized by a wcll-demarcated, abrupt transition between 
the normal and abnormal segments of aortic wall. This is in contrast to other conditions, such as 
atherosclerosis, where wall thickening is patchy and the transition zones gradual. 

While few ~ongi t~dina~ smdies have bcen performed and some disagree~~Aents exist regard- 
ing the phases of disease activity, in gcneral, the luminal caliber of the aorta and branch vessels 
should bc normal or near-normal in the early phases of the disease with scarring and stcnoses oc- 
curring with disease progression. Many patients will develop some degree of ectasia, but only a 
minority will havc h-tie aneurysmal dilation of the aorta and/or arch branch vessels. Thus, aneu- 
rysms may bc considered the exception and not the rule (1 1,121. 

Aortic wall thickening can involve the aortic root and valve, and aortic insufficiency has 
been cons~ste~tly ~ e s c ~ ~ b ~  in approxima~el y 2.5% of patients with TA. Pul~onary artery in- 
volvement has also bcen described, though the imicidence in reported series varies widely up to 
86%, likely reflecting the chronicity of disease in the studied population (1 3-15). Both pul- 
monary arlery aneurysms and stenoses have keen described, with or without wall thickening (14). 
The wide variakion in ~ n j f e s ~ ~ ~ o n s  of pulmonary artery ~ n ~ o ~ v e ~ n e n t  makes p u I ~ o n a ~  artmy 
abnormalities a less specific and reliable feature in diagnosing TA (Fig. 3). 

Ultrasound has only a limited role in the evaluation of TA, as it is unable to visualize the 
majority of affected vessels (thoracoabdominal aorta and proximal branch vessels) in a consistent 

Figure 3 Magnetic resonlmce imaging and MRA of pulmonary artery involvement in a young female 
with TA. On the left is a spin-echo MRI demonstrating wall thickening with stenosis of the right pulmonary 
artery (anow). On the righl i s  an MKA of the pulmonary arteries showing the severe stenosis of the distal 
right p ~ l ~ o n ~ ~  artery and paucity of blood flow lo the upper {asterisk) and lower (double asterisk) lobes of 
the right lung. 



272 Flamm and White 

and reliable fashion. A5 such, it cannot be used reliably lo make a definite initial assessment or to 
follow the course of disease activity or response to therapy. It has found a niche role in assessing 
disease involvement in the carotid and femoral arteries (though the latter are less frequently in- 
volved). High-resolution images of the common and proximal i n ~ e ~ n ~ l  and external carotid arter- 
ies can be obtained using high-frequency transducers to demonstrate the long segmental uniform 
wall thickening typically seen in TA. These findings can easily bc distinguished from the irregu- 
lar-surfaced, focal plaques of atherosclerosis. 

Computed tomography is valuable for defining the extent of disease involvement in TA (7). 
imaging is performed relatively rapidly m d  provides data describing the extent of ~ n v o l v e ~ e ~ t  of 
the entire thuracoabdominal aorta and proxinial branch vessels. Computed tomography can em- 
ily define areas of wall thickening lor those vessels that are imaged perpendicular to their long 
axes (e.g., the ascending and descending aorta and c o ~ ~ o ~ i  carotid arteries) (Fig. 4). It perfoms 
less well in areas where the vessels run parallel to the imaging plane, such as the aortic arch, sub- 
clavian arteries, renal arteries, elc. The angiogram-like images produced from 3-D reconstruction 
techniques can help surmount these difficulties by providing information about luminal narrow- 
ing and length of stenosis ( 1  7). 

UIifo~nately, CT provides no ~ ~ c ~ i o ~ ~  information regarding the aortic and p u l ~ n o n ~  
valves, critical structures that may be involved in TA. An additional limitation in evaluating TA is 
that while CT can define the degree of wall thickening present, it does not provide any direct ev- 
idence of disease activity. Computed t~mography defines only the extent and degree of wall thick- 
ening, but not the presence or absence of inflammatory activity; however, disease activity has 
been deternGned retrospectively based on follow-up studies (18). On the other hand, CT is opti- 
mal for the delineation of arterial wall calcification, which may be helpful in staging TA and dif- 
ferentiating it from other causes of wall thickening, such as atherosclerosis. 

Figure 4 Axial c7' scan iniagc from the lower neck of a young woman with TA. The thickened wall of 
Ihe left carotid artery (white arrow) is casily contrasted with the normal wall of the right carotid artery (black 
arrow). Note that despite signilicant thickening of the wall of the kft carotid artery, the lumen of the vessel 
is not narrowed. 
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Siniilar to angiographic evaluation of TA, MRI can assess luminal caliber of large and 
medium-sizcd arteries. but without the burden of ionizing radiation or iodinaled contrast agcnt. 
The primary d i s a d v ~ ~ a g e  ofMR1 cornpaxed with a~i~iography i s  its inabiliiy to accurately define 
small branch vessels. Moreover, MRI can classiry stenoses only qualitatively. The primary ad- 
vantage for MRI is its ability to perform an cxmination of the entire extent of the thoracoab- 
dominal aorta and r n e d ~ u ~ - ~ i ~ c d  branch vessels in an e~aminatioii of < I  liour. Further, MRI has 
the added capabi l i~ of evaluating wall thickness, an assessment that an~iography cannot perform 
reliably (Fig. 5). The degree of wall thickening correlates loosely with disease activity as moder- 
ately to markedly thickened walls are more likely to represent acute or subacute disease activity, 
while thinner walls likely reflect less severe disease activity, more ~ n ~ o l ~ n t  activity, or scarring 

While arterial wall visualization is an advantage compared with angiography, it does not 
address the issue of disease activity, insofar as wall thickening alone may reflect either active in- 
~ a ~ r n a ~ i o ~  or scar tissue. Kecently, two different ~pproaches have been used to assess disease ac- 
tivity in TA. The first approach mes gadolinium enhancement on TI -weighted images in areas of 
wall thickening. Gadolinium is an extraccllular contrast agent that accumulates in meas of in- 
creased vascularity such as tumors and vascular malformations, and in areas of increased vascu- 
lar p e r i ~ e ~ b ~ l ~ ~ y  as i s  seen in ~nfect~on or i n ~ ~ m ~ a ~ o n .  ~ r e ~ i n ~ ~ ~ a ~  results in patients with TA 
suggest that gadolinium enhancement in areas of wall thickening may be a marker of acute dis- 
ease activity. while lack of enhancement suggests inactive disease. One group of” iwestigators 
studied 14 patients with g a d o l i n i ~ ~ - e ~ a n c e d  MR1 and found correlation of MRI featurcs with 
disease activity in  all patients. Tlirce of thc fourteen patients had persistent clinical disease activ- 
ity after treatment; despite a normal erythrocyte sedimentation rate, MRI findings concurred with 

(19--22). 

Figure 5 Aorto-iliac involvcment in a young male with TA. On the left is a spin-echo Mlil dernonstrat- 
ing the characteristic wall thickening (arrow) of the distal ahdomin~ aorta and common iliac arteries re- 
sultiiig i n  a severe stenosis ofthe praxinial right common iliac artery (arrowhead). The left conmon iliac ar- 
tery is out of the plane of imaging on this image. In the middle is the corresponding MRA highlighting the 
focal stenosis of the right comnion iliac artery, as well as the long sevcre stenosis of the left conmon iliac 
artery. On the right i s  the conventio~al catheter-based contrast ~ ~ ~ o ~ ~ a i y i  that reveals finer detail than the 
MRA, but does not provide infor~a~ion about wall a~normaiitie~. 
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ongoing disease activity, suggesting that MR1 may be a more uscful adjunctive test than acute 
phase reactants (23). 

The second approach lo characterizing disease activity uses similar logic, but a difTerent sur- 
rogate imaging marker of i n f l ' ~ a t i o n .  T2- and STIR~weighted sequences ~ ' ~ d e m a ~ w e i g h t e ~ '  
MKL techniques) are sensitive to extracellular fluid, which manifests as increased signal intensity 
compared with surrounding normal tissuc. These sequences hltve been used to identify tissue 
edema in entities such as cerebral stroke, neopiasia, and acute myocardial infarction. Infiarnrna- 
tory tissue also is characterized by edema, and the edematous changes are likely a surrogate marker 
of i~ i f l am~t ion .  111 p r e ~ i m i n ~  work in patients with TA, edema-we~ghted imaging i d e ~ t i ~ e d  in- 
flammation in areas of wall thickening. The degree of inflarnmation identified correlated with dis- 
ease activity and with response to therapy (24) (Fig. 6). Both of these approaches, gadolinium- 
enhanced and edema-weighted MRI, if successfully applied in lclrger studies, suggest that 
noninvasive imaging may provide a more reliable way to assess disease activity than current 
approaches, 

B. Giant Cell Arteritis 
Pathology specimens from patients with GCA are frequently indistinguishable from TA, as both 
reveat c h a r ~ ~ t e ~ s t i c  giant cell € o ~ ~ ~ ~ ~ n s  and cxtensive i n ~ ~ ~ I ~ t a t o r y  changes. Giant cell arteri- 
tis is distinguished from TA primarily by an arbitrruy dividing line based on age of onset, with TA 
<40 years and GCA >40 years (25,261. In addition, CCA has a somewhat different distribution of 
vessel involvement; GCA frequently affects the temporal artery, whereas tetxiporal artery in- 
volvement is rare in TA. The distribution of involvement o f  the aorta and branch vessels has been 

Figure 6 Magnetic resonance imaging of the thoracic ao&a in a young female with TA. Froni left to right 
the images arc TI-, T2-, and STIR-weighted, respectively. The TI-weighted image demon%rates the inarked 
wall t h i ~ k e ~ i n ~  in the ascending and descend~ng thoracic aorta ~ a ~ o w l ~ e a d s )  in this patient wi& active TA. 
Bath the T2- and STIR-weighted images demonstrate increased signal intensity (bright) consistent with 
edema and active inflammation. The asterisk on h e  middle image denotes the zone of abrupt transition be- 
tween abnormal and normal aortic wall 
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less well studied and c h ~ a c t e r ~ ~ e d  in GCA compred with TA. although GCA seems to affect the 
majority of the thoracic aorta more frequently and is considerably more likely to result in true 
aneurysm formation. Patients with GGA are also significantly more prone to aortic dissection and 
rupture, which, unfortunately, may be the initial and fatal presentation of disease (27). 

In addition to developing thoracic aortic aneurysms, GCA appears to have a predilection 
for involvement of the mid- to distal subclavian tkrtcries, usually with severe, lorig segmental 
stenosis (Fig. 7). The degree of w l l l  thickening in GCA is less ~ r o ~ ~ n e ~ t  than in TA arid symp- 
tom manifesta~ion (e.g., ~laudication~ may be more insidious than TA, likefy as a result of the re- 
duccd physical activity in older patients. 

To date, US has been the imaging modality of choice, as GCA typically affects the tempo- 
ral artery. Ultrasound is ideal to study GCA, as thc temporal mery is superficial and lends itself 
to detailed examination with high-frequency transducers placed directly over the indurated, ery- 
thematous, inflamed vesscl (28). Ultrasound can easily identify the smooth-surfaced, circumfer- 
ential wall thickening surrounded by soft-tissue erythema ‘md edema that characterizes GCA, 
though the diagnostic benefit of US over the cotnbi~ation of history and clinical exa~ i i~a t io~ i  
alone i s  debated (29). Mabptic resonance ~ ~ ~ ~ [ ~ g r a p h y  can be useful in ~ e ~ o n s ~ a ~ i n g  the vas- 
cular stcnoscs and/or occlusions that occur with GCA, though neither CT nor MRI has demon- 
strated any added value in evaluating the inflammatory wall changes in the temporal arteries (30). 
High-resolution MRI using surface coils has the potential to provide new diagnostic infomiation, 

Figure 7 Magnetic resollance angiography and MRI of the subclavian artcries in an cldcrly female with 
GCA. The upper panel MRA shows stenoses of the mid- to distal subclavian arteries; the left subclavian ar- 
tery is occludedjust after the origin of the vertebral artcry (arrowhead), while the right subclavian artery i s  
diffusely narrowed (arrow). In the lower pancl, the corrcsponding spin-echo MRI demonstrates thc wall 
thickening of the respective subclavian arteries. 
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similar to the use of edema-weighted MRI in TA, however, detailed studies have yet to be per- 
formed. 

Similar to its use in TA, US has little role in the evaluation of the central arteries in GCA. 
Alternatively, both CT and MRI have depicted the characteristic wall thickening and aneurysm 
formation seen in the thoracic aorta. As mentioned previously, the wall thickening i s  less promi- 
nent than in TA, and the marked thickening seen in acute TA has not been described to the same 
extent in GCA. The aortic wall is frequcntly more lobutated and irregular in GCA than in TA, and 
many patients with GCA have disease that is virtually i~distingu~shable from atherosclerosis on 
either CT or MRI using current techniques. It is unclear whether atherosclerosis is part of the 
spectrum of GCA or if many patients have overlapping disease states. 

C. ~ n f ~ ~ t i ~ ~ s / S y p ~ ~ l i t i c  Arteritis 

r ~ v o l v e ~ e n t  of the aorta and branch vessels is usually a late manifestation of syphilis. Presently 
aortic “lues” is encountered only rarely, as effective early treatment has been available for 
decades. Tcxlbook accounts of aortic syphilis typically describe a n e u ~ s m s  of the ascend in^ aorta 
and “pencil fine” calcifications of the wall in the distal ascending aorta as seen on plain chest 
x-rays (32). Onfy case report d e s c ~ p t i o ~ s  exist in the modern literature using CT and MKI. The 
characteristics are similar to what i s  described in GCA: mild, irregular-surfaced wall thickening 
of the ascending aorta an3 aortic arch in co~binatioii with ectasia to a n e u r y ~ ~ a l  difation of the 
affected regions (32,33). 

Both CT and MRI may be helpfui in differentiating syphil~tic involv~ment from athero- 
sclerosis, but are unlikely to be specific. The diagnosis will depend on confirmation with the ap- 
propriate history and positive laboratory tests. 

IV. ~~FFERENTIAL CONSIDERATIONS 

In general, the imaging findings for the arteritides discussed in this chapter comprise aneurysms, 
stenoses, and areas of wall thickening or scarring. Differentiating TA from GCA will most often 
be niadc on clinical factors alone with reportcd accuracy of 95% (1). However, some patients 
in the diagnostic “gray” zone or those in whom an mteritis is unsuspected may be differentiated 
by some imaging features alone. Imaging features differ~n~iating TA and GCA are presented in 
Table 1. 

Co~iputed tomogriaphy, MRI, and US are important diagnostic techn~ques in the initial ev~uation 
and follow-up of patients with arteritis of the large and medium-sized arteries. Computed to- 
mography and US will likely persist as the primary noninvasive imaging modalities because of 
their ubiquity within the healthcare system and their ease of application and reproducibility. Mag- 
netic resonance imaging will likely gain a larger role as the technology becomes more widely dis- 
tributed and familiarity with the newer techniques increases. The advantages of combined mor- 
phological and functional analysis, along with the potenrial ability to identify and monitor disease 
activity (with inflammation-sensitive techniques) all in one study suggests a promising future for 
MRI as a noninvasive imaging technique in the evaluation of‘ vasculitides. 
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‘Takayasu’s artesitis Giant cell arteritis 

Thoracic aorta 

Aortic vah3e 
Aortic arch branch vcssels 

Temporal artery 
Pulmonary arteries 

Abdonzinai aorta 

Wall thickening is more prominent 
in the acute stages 

Stenoses are common 
Aneurysms, dissection, and rupture 

Aortic insuf~c~ency common 
Typically involves lhe proxirnaf ar- 

teries with stenosis andlor occlu- 
sions resulting in vertebral 
“steal” syndrome 

axe rare 

Rarely involved 
Highly variable reported prevalence 

and manifestations-proba~abl y 
not reliable for differential con- 
sideration 

Sterioses of the renal, mesenteric, 
and c o m ~ o ~  iliac asteries me 
common, particularly in the 
Southeast Asian populations 
(eg., India, Thailand) 

Wd1 thickening i s  less prominent 
Aneurysms, dissection, and rup- 

fure are more c o ~ m o n  

Aortic ~ns~ficiency common 
Mid to distal subclavian artery 

stenoses more typically in- 
volved 

Characteristically involved 
Rarely involved 

1 ~ s  cornmonly involved 
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The traditional diagnostic modality of angiography should he apprcciated for its pivolal contri- 
butions to our understanding of the diagnosis of vascular diseases in this emerging era of alter- 
native imaging procedures: ultrasound (US), computed tomographic (CT) scanning, and mag- 
netic resonance imaging (MRI). These current imaging modalities have not yet fully been 
imp~emen~ed in their capab~ l~~y  to display the pa thol~g~ca~ features ol' arterial disease. 

An ang io~~am oittliiies tfic lumen of the vessel being injected with contrast material. Irreg- 
ularities of contour and caliber provide diagnostic inform~tion about vascular anatomy and dis- 
ease. The distribution of lesions and the specific vascular segments involved give additional di- 
agnostic clues. And finally, a solid medical history and physical exainination compensate for the 
frequent unavailability of histopathology when making diagnostic interpretations from the imag- 
ing study. 

The wall o€ the vesscl is not adequately depicted by angiography. However, the vessel wall 
can be seen if i t  is s u ~ c ~ e n ~ y  calcified (end stage of ar~er~~~sc leros is~  or if the vessel i s  at least 
partially surrounded by air (e.g., thc lungs) such as with most OC the left border of the thoracic 
aorta and the proximal brachiocephalic arteries. The other imaging modalities do provide infor- 
mation about the walls of vessels and important diagnostic information may be observed. There- 
fore, at times, it may be important to have more than one imaging study performed. This will de- 
pend on the disease entity being evaluated. 

Angiography is an invasive procedure, and therefore carries an inherent, although small, 
risk to the patient. Puncture site complications are the most frequent, occurring in about 1 in 500 
patients. The risk is increased if selective injections of the b~ac~iocep~al ic  arteries are ~ ~ ~ o I ~ n e d  
in patients beyond the seventh decade of life; it ~pproachcs C).7%. However, a n ~ ~ g r a p h i c  com- 
plications occur less frequently today than they did a decade ago because of improvements in 
catheter technology and digital filming. Also, in the current era, dedicated specialists perform 
most angiographic procedures. 

The advantages of angiography are its unsurpassed spatial and contrast resolution that al- 
lows detection of small degrees of abnormalities in vessel lumen morphology. When sinail arte- 
rial beds must be critical1 y studied, no other imaging modality is satisfactory. The angiogrm also 
p r o v i d ~ ~  a global view of the entire territory b ~ y ~ ) n d  the cdtheter and within the field size of 
the filming area. Ifrepeat injections are necessary, either for a different angle or to extend the ficfd 
of view, they may be performed rapidly and safely. Currently, most angiography is performed 
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under a digital format that does not quite have the high level of spatiat resol~t~on as former film 
technology. Improvements in computer technology are likely to improve image resolution in the 
future. 

An advantage of invasive angiographic techniques is in providing opportunities for thcra- 
peutic intervention: balloon catheter dilatation of stenotic and occluded arterial lesions. This tech- 
nique is not often applied to lesions of vasculitis, but in patients with GCA and Takayasu's dis- 
ease it is an option. It is not advocated in the active disease state because of the possibility of 
inciting further occlusive changes. Once diseasc becomes quiescent, even arlcrial occlusions may 
be successfully treated. Long-term patency has been disappointing, bur one would wonder if the 
success might be higher if reliable clinical markers for disease activity were available. Occasion- 
ally, a ruptured aneurysm of polyarteritis or BehGet's disease may be therapeutically controlled 
by catheter e ~ ~ b o l i z a ~ o n .  

Disadvantages of angiography, beyond the occasional complications listed above, are pm- 
found allergy to the contrast material, which is rare, and renal toxicity to contrast material in pa- 
tients with elevated serum creatinine. 

AJOR TYPES OF VASCULlTlS 

The vast majority of patients with vasculitis encountered in our practice have one of four diseases: 
extracranial temporal arteritis (giant cell arteritis, GCA), Takayasu's disease, potyartcritis (no- 
dosa) (PAN), and Buerger's disease. These diseases present with arterial abnormalities in arterial 
beds that are large enough to be studied by angiography. 

A. Giant Cell Arteritis 

There is a group of patients with temporal arteritis, 10-15%, who manifest extracranial arterial 
disease involving the peripheral arteries ( I  ,2). The most commonly af'f'ectcd arteries are the prox- 
imal arteries ofthe upper extremities. These include the subclavian arterial segments, usually lim- 
ited to the segments distal to the vertebral artery origins, the entire axillary segments, and the 
proximal brachial arteries. More distal involvement rarely occurs. Also. rarely, the fcmoral arter- 
ies and their branches, including extension into the tibial arteries, may be involved. The arterial 
lesions are often present bilaterally, but are nearly always asymmetric in appearance (Fig. 1). At 
limes the a n ~ i o ~ ~ ~ h i c  appearance on one side is nearly normal while advanced disease i s  pres- 

Figure I Giant cell arteritis in a 67-year-old female. Aortic arch injection shows bilatera1 subclavian and 
axillary artery lesions of stenuses and carly aneurysni formation. In the subclavian artcry segments, the dis- 
ease is present distal to the vertebral artery origins. 
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Figure 2 Giant ccll artcritis in a 73-year-oId female. This study i s  an intravenous digital subtraction ark- 
riograrn with iiijection of contrast material from a catheter (curved arrow) in thc right atrium. There is 
inarkcd asymmetry in the degree of involvement in the subclavian and slxillary arteries segments with a mod- 
erate degree of disease on the right side (a) and severc, diffuse stcnotic disease (arrows) on the left side (b). 
In A, note that the stcnotic discsse process (open arrow) coiitinues up to thc brdchid artery junction. 

ent on the opposite side (Fig. 2). But the findings are almost never found to be unilaterally pres- 
ent. The inipomnce of high-quality, arterially injected angiograms becomes evident in ptatients 
with minimal ~ibno~ma~itics. In such cases, an intra~eiious digital subtraction angiogram (as welt 
as irnaging studies of ultrasound, CT scanning aiid MR scanning) will not allow a correct diag- 
nosis to be made in a timely manner. Multiple additional angiographic technical factors (beyond 
the scope of this chapter) must be employed to assure d i a ~ ~ ~ s t i c  accuracy. 

The classic angiographic appearance of peripheral arteries in GCA is that of stenotic le- 
sions, although sometimes occlusions and rarely aneurysmal changes are also found. Most often, 
the luinina of the arteries aflbcted show smooth, elongated, tapered caliber reduction ranging 
lrom near occlusion to slight n ~ o w i n g  (Fig. 31, The tapered nature of the stenoses occurs at both 
the proximal and distal ends. Sometimes the diseased segment is many centimeters in length with 
a marked reduction in lumen diameter that at times may have the false appearance of occlusion. 
The pattern of the lesions is one of alternating zones of caliber alterations, sometimes mixed with 
~ n ~ e ~ e n i f f g  normal, or near-tioirrtlal caliber. Thesc specific angio~raphic appearances are not 
Jhund in any other disease stale except Takaynsu’s disease, which usually has lesions in the aorta 
and in the proximal br<mches, which altnost always distinguishes it from GCA. 

Occlusions also occur, but are less fxequently found than stenoses. The most cornnion site 
for an occlusion to bc found i s  at the distal axillary segment into the zone of the proximal hrachiai 
artery (Fig, 4). Collateral refilling may be difficult to appreciate unless an adequate volume of 
contrast material is injected and delayed filming is obtained. Because of the relatively short time 
interval between the occlusive process and the a n g ~ o ~ r a n ~ ,  the collateral arteries are often not 
large and numerous. 

In thosc rare cases when aneurysmal lesions are present, the segments affected are rela- 
tively short and fusiform in shape (Fig. 5) .  They are not large in diameter. However, rarely in the 
aorta, a focal aneurysm of a destructivc nature is Ibund. It usually has the eccentric, irregular ap- 
pcarance of a false aneurysm. Also, in rare instances, aortic dissection may accompany the early 
presentation of the disease. In some patients, afkr several years, a diffuse aneurysm of the tho- 
racic aorta develops, sometimes complicated by dissection (3,4). Although an angiogratn could 
be employed to detect this Iate consequence of GCA, other imaging methods are more cost ef- 
fective. 
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Figure 3 Giant cell arteritis in a 65-year-old female. This is an intravenous digital arteriogam with the 
venous catheter placed in the right atrium. There is mild irregularity in the subclavian and axillary segments 
bilaterally (arrows). Two injections were made in the obiique position: (a) is the right side, (10) i s  the left. 
Note the high-quality contrast opacificalion as a manifestation of normal cardiac function in this patient. 

Figure 4 Giant cell arteritis in a 68-year-oid female. Selective left subclavian arteriogrm shows slight. 
narrowing of the subclavian artery heginning at the origin of the vertebral artery (curved arrow). The lumi- 
nal irregularity continues into the axillary artery segment where there i s  occlusion (arrow) at the brachial ar- 
tery junction. 

Extension of’ the disease process into the distal branches of the Lipper extremities and in- 
volvement of any of the arteries of the lower extremities is not commonly encountered in patients 
with GCA. However, angiographic abnormalities will be found in about 15% of  patients with 
GCA (unpublished data). The arlerial lesions are predominantly those of stenoses and occlusions. 
Long, smoothly outlined stenotic segments and an alternating pattern of tapered caliber changes 
are typically identified. In the lower extremities, the involved segments usually start at the femoral 
bifurcation and may extend to the feet (Figs. 6 and 7). 
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Figure! 5 Giant cell asteritis in a 59-year-old female. Innominate artery injection shows stenoses farrows) 
and early aneurysm fxmation (curved mows) in the right subclavian and axillary artery segments. In this 
case, disease is present ( ~ n e ~ s n t ~  in the subclavian artery proximal to the origin of the vertebral artery. 

Figure 6 Giant cell artefitis in a 64-ye;if-old female. Right femoral ~ t e r i ~ g r ~  shows segmental steno- 
sis of the superficial fernoral artery (curved arrow) and stenoses involving a deep femoral branch (arrows). 

The d~fferent~a~ diagnosis mainly includes Takayiiu’s disease. At times, GCA and 
Takayastr’s disease arc in(~is~inguis~b1e by arteriography, especially if a global study is not per- 
formed. Howcver, marked differences in the age of onset, almost always make the distinction 
easy. 

Arteriosclerosis is another disease that can simulate some of the findings of CCA. Certainly 
in this elderly popula~ion, the prevalence of ar1eri~)scIcro~is mandates that i ts presence must be 
considered in the differential diagnosis (Fig. 8). Idkcwise, artifacts of patient positioning, such as 
when the shouldcr i s  clevated and the pectoralis ininor muscle causes an abrupt angular, eccen- 
tric focaf stenosis, may result in an incorrect diagnosis (see Fig. 12). When aftcriosclerosis causes 
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Figure 7 Giant cell artcritis in a 63-ycar-old niale, Left femoral aiteriogrm with a view below the knee 
(a) shows marked stetiosis of the posterior tibial trunk farrow) and occlusions of the anterior a i d  posterior 
tihid arteries. Both lower legs are included in (b). The occluded left posterior tibial artery refills above the 
ankle (arrow). The right posterior tibia1 arlcry has multiple arcas of steriom (curved arrows). 1,ateral view 
of the foot (c) shows occlusion of thc dorsalis pcclis artery (arrow}. 

stenosis in the brachiocephalic arteries, it most often affects the proximal portion, while the axil- 
lary segments and the axillary-brachial junctions are rarely the dominant area of involvement. 
Also, the lesions of arteriosclerosis are inore irregular in their margins, shorter in length, and ec- 
centric in position comparcd with the adjaccnt wails. The stenotic lesions of GGA spare the prox- 
imal branches of the aorta, such as the common carotids, the innominate, and the subclavian 
(proximal to the vertebral artery origins), as well as the visceral and common iliac arteries. Thdt 
i s  not to say thal these segments are spared of the disease process, indeed, they are not. Disease 
involvement may be identified at pathology, by ultrasound, CT, or MR scanning because the wall 
of the artery can be evdaluated by all of these methods. But rather, evidence of the typical arterial 
lesions beyond the first order branches is not found angiogr-aphically. 
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Figure 8 Giant cell arteritis in a 65-year-old female. Left subclavian arteriograrn shows severe disease in 
the axiUary artery scgment extenrung to the proximal brachial artery with marked narrowing (arrows) ol’this 
arterial segment. There is also slight ectasia at the s u b c l a v i a ~ - ~ ~ l ~ a ~  junction (open arrow}. This is an ex- 
ample of a mixed pattern of disease with arteriosclerosis arid GCA. 

B. ~ ~ ~ a ~ ~ s ~ ’ $  
The angiographic iindings in Takayasu’s disease can be quite similar to GCA in some patients. 
However, a more complete ang~ographic survey, including the entire aorta and the primary 
branches, will almost always allow the distinction between these two diseases to be made from 
the global arteriogrrrphic pattern (Figs. 9 and 10). It is the constellation of findings that separates 
almost all cases of T ~ a y a s ~ ’ ~  disease from other diseases. 

Aortic involvement can be detected in nearly every case. There are two different patterns of 
findings: stenotic lesions and aneurysmal changes. The lesions may he very difficult to appreci- 
ate unless careful attention is paid to the lumen caliber along the course of the aorta (Figs. 9-1 1). 
An alterrrtion in diameter of’ even 1 mm may be an indicator of disease involvement in a young 
patient in whom the aortic caliber should be uniform except at the region new thc isthmus and 
distal to niajor branches (Fig. 12). About 25411% of patients with Takayasu’s disease have 
aneurysnial lesions in the aorta and branches. Even in this setting, stenotic lesions usually coex- 
ist. A rare complication of Takayasu’s disease is aortic dissection. 

Patterns of lesion dist~bution have shown differences among ethnic groups in Asia; tho- 
racic arterial lesions predominate in Japan, while abdominal arterial disease is more prevalent in 
Korea and China. In North America, arteriographic abnormalities are found in both distributions 
(5-8). 

The brachiocephalic arteries manifest stenotic or aneurysmal lesions by arteriography. 
They are almost always evident at the primary branch level in addition to more distal locations. 
This i s  an impo~~a t~ t  dist~i~ction from CCA. However, in some patients, the lesions may be diffi- 
cult to detect proximally and if they are only detected disldlly, a mistaken diagnosis of CCA could 
be made (Figs. 13-1 5). Again, the irriportance of high-quality angiographic techniques, including 
global imaging, is stressed. 

An adequate angiographic study of the visceral arteries must show the proximal segments 
of all the arteries and therefore a lateral view of the abdominal aorta must be iiicluded to detect 
disease of the celiac, superiormesen~eric, and inferior mesenteric arteries (see Figs. lOb and I lc). 
The renal arteries will be well seen on the anterior projection of the aortogram (Fig. 16). The le- 
sions are p r e d o m ~ n ~ ~ y  stenotic in nature and rarely are found to extend far from the origins. 
About one-third ofthe patients will show occlusion of one or more ofthe visceral artcriics. Addi- 
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Figure 9 Takayasu’s disease in a 30-year-otd female. (a) Aortic arch injection shows cctasia of the mid- 
ascending aortic segment. There is diffuse narrowing of the left common carotid artery (arrow) and slight 
narrowing of the left subclavian artery proximal to the vertebral (curved arrow). There ic also luininal irreg- 
ularity of the descending segment of the aorta with slight expansion of the proximal portion (upper open 
amow) and slight narrowing of the lower segment (lower open arrow). (h) Aortogram of the low thoracic 
7ane extending into the upper a b d o ~ i n ~ l  segmen~ shows slight n ~ o w i n g  of the lower thoi-deic aortic seg- 
ment (open arrow) and slight expansion of the upper abdominal segment (arrow). (c) Right upper cxtseniity 
arteriogram shows slight narrowing at the proximal brachial artery (arrow). 
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10 Takayasu’s disease in a 11 -year-old female. (a) There is slight ectasia of the thoracolumhar 
junction ofthe aorta (arrow) and there is slight narrowing of the infrarenal segment (curved arrow). There i s  
also narrowing of the right comnwn iliac artery (open arrow) compared with the left one. (b) Lateral view 
of the abdo~ina l  a o ~ o ~ ~  again shows slight ectasia of the upper aortic segment (arrow) and slight nar- 
rowing of the infrarenal segment (curved arrow). There is also narrowing of the celiac artery (upper open 
arrow) and nf the superior mcsenteric artery (lower open mow). (c) Selective left renal artery injection 
shows extensive stenotic lesions throughout the branches. 
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F i ~ ~ ~ ~  4 4  Takayasu’s disease in a 17-year-old lemale. (a) Abdofllinal a o r ~ o g r a ~  shows segmental nar- 
rowing of the paravisceral aortic segment. (b) Infillravenous digital subtraction suZcxiogram of the midabdorn- 
inal aortic segment I S  a high-quality examination in this palicnt with normal cardiac function, Compare to 
figwe la. (c )  Lateral view of the a b d o m i ~ a ~  aorta shows high-grade stenosis at the origin of the celiac 
(arrow1 and of the superior rnesenteric (curved arrow) arteries. Also nole the slenosis ofthe abdominal aorta. 
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Fakayasu’s dkeaw in a 21 -year-old female. There is ectasia of the ascending segment of the 
aorta (arrow) and of the innoininatc artery and of both common carotid arteries (curved arrows). There is 
also iuruinal irregularity of the right subclavian and axillary segments. Note h e  decrease in caliber of the 
proximal descending thoracic aortic segment (open arrow). The focal, eccentric narrowing (large arrow) of 
the right axiliary artery i s  cxCrinsic compres&m From the pectoralis minor Muscle. This artifact is produced 
by shoulder elevation. 

Takayasu’s disease in a 3 1 -year-old femdlc. Sclective injection of left subctavian artery shows 
slight ~ ~ ~ a ~ s ~ ~ 1 ~  of the sub~ iav ia~  near the axillary junctio~ p arrow) and diffuse n a i ~ ~ w ~ n ~  with smooth 
walls of the axillary artery segment (curved arrow) extending to the brachial artery junction (open arrow). 
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Figure 14 Tzkayaw’s discasc in a 40-year-old female. Right aubdavian artery injection sliowa diffusc 
stenosis of the distal subctavian and axiltcuy artery segments (arrows) extending to the brachial artery Ievci. 

F~~~~~ 15 T3kayastt’s disease. Ixef subclavian ~ r ~ ~ r i ~ g r a ~  shows high-grade stenosis at thc 
axiilary-brachial junction with near-occlusion (mows). There is also narrowing of a lesser degree invoiv- 
ing a short zone at the subclaviari-axillary junction (curved arrow). 



Figure 16 Takayasrt’s disease. High-grade short segmental stenosis of the left main renal artery (curved 
arrow). Thcrc is slight narrowing of the proximal right main rciial artery (arrow). 

tional mgiographic changes that may be found include secondary changes to the occlusive arte- 
rid disease. This includes extensive collateral arteries refilling distally to occluded arterial beds. 
If the kidneys are involved with renal artery lesions, atrophy may be present (see Fig. 1 Oc). 

Takayasu’s disease may extend to the iliac arteries (see Fig. 1 Oa) and even into thc femoral 
artery distributions, although it i s  rarcly seen to do so. The lesions are those of stenoses. 

The differential diagnosis of Tdayasu’s disease includes a variety of other diseases de- 
pending upon the appearance and location of the arterial abn[)rm~~ity. Caliber alteration in the 
aorta at the proximal descending thoracic segmcnt may be a normal finding at the region o f  the 
l ig~men~um arteriosum. Stenosis aeeilf this location may he evidence of a congeiiical coarctation. 
At the ~lioracoabdoininal region, stenosis may represent yet another site of congenital coarctation 
or of aortic dysplasia secondary to neurofibromatosis. Slight ectasia of the abdoinind aorta may 
also be found in patients with n~~ofibromatosis as well as in some patients with Takayasu’s dis- 
ease. Associated visceral artery stenosis may be present in all three of these disease conditions. 
Indeed, such vascular abnormalities in the abdominal area may present a diagnostic challenge. 
Thus, the impo~ance of  exlcnding die angiographic study to include the thoracic aortic branches 
is evident. 

In patients with niinirnal aortic caliber alteration and stenoses in the distal brachiocepli~lic 
branches, distinguishing CCA from Takayasu’s disease may be difficult. Careful attention to the 
pattern of arterial abrroimalities throughout the branches, especially looking for slight caliber 
changes in the common carotid arteries uswlly secures the correct diagnosis. Focal stenosis of 
the distal subclavian or proxirnal axillary artery segments from thoracic outlet compression may 
cause misinterpretation (see Fig. 12). Therefore, neutral arm and shoulder position during an- 
giography i s  important to prevent such artifacts from being recorded. At times, confusion arises 
in distinguishing belween Takayasu’s disease and early atl~erosclerosis when at least two of the 
bra~~iioeep~alic arteries have a tapered stenosis or occlusion proximally. Atheromatous lesions 
may be present in patients who smoke as early as during the Fourth decade. These atheromatous 
lesions may bc smooth and tapered in appearance in a young patient (Fig. 17). If an occlusion is 
present also, then it may be difficult to make the correct diagnosis. However, if the lesions are 
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F i ~ ~ ~ ~  17 At~cromatous disease in a 46-year-old male. There are stenotic lesions near the origins of the 
anomalous left vertebral artery (aiTow) and the leEt subclavian artery (c~irved arrow). There are alw small 
atheromatous plaques at the origins of the innominate artery (open arrow) and at the origin of the left carotid 
artery. This patient is a heavy smoker and athcroinatous lesions in paticnts of this age and younger who 
smoke may be misintcrpreted as artcritis. 

only stenotic, then the appearance of the artery immediat~ly beyond the stenotic focus holds the 
clue: an abrupt change in caliber indicates an atheromatous lesion. 

The coronary and pulmoncary arteries may also be affected in Takayasds disease (Fig. 18). 
The lesions are predominantly those of stenoses and occlusion. The incidence reported is variable 
from 5 3 0 %  depend~ng upon the country of origin of the report. Of coume, the true incidence 
cannot be known uniess all possible arterial beds are jnc~uded in the ang~ograp~~c  study. 

olyarteritis Nodosa 

The most common type of necrotizing vasculitis encountered at angiograpliy is PAN f9,lO). The 
a n ~ i o ~ r a p h ~ c  findings are those of stenoses, occlusions, and ane~rys~ns of various sizes, number, 
and distribution. Approximately 70% of patients with a clinical diagnosis of PAN have positive 
angiographic findings. 

The angiographic findings of so-called microaneurysms are the most widely recognized le- 
sion typical of  classic PAN (Figs. 19-22) but in some cases the aneurysms may be large and rup- 
ture is not u n c o ~ ~ n o ~ .  However, stenotic and occfusive lesions are more c o m ~ o ~ y  found &an 
are aneurysms in patients with FAN (Figs. 23-26). Indeed, in the absence of aneurysms, the di- 
agnosis could be missed by an inexperienced observer. The viscera are most commonly affected, 
but PAN is a widespread arterial disease and lesions may also be found in the intercostal and lum- 
bar arteries and other branches in the retroperitoneal area (Fig. 27), such as capsular branches of 
the renal arlcries. When ~ r f o ~ n g  an a n g i o ~ ' ~  for the diagnosis of PAN, it may be found nec- 
essary to inject all the visceral arteries: renal, superior mesenteric, inferior mesenteric, hepatic, 
and splenic arteries, The involvement may be limited to only one of these arterial beds. Rarely, 
the involvement is predominantly in the hands or feet (Fig. 28). In these locations, the lesions are 
occlusivc in nature but sometimes aneurysms are found. 

In a reccnt review of our parients with PAN, 56 patients had angi~}grams available for study 
( I  3 >. Ancu~snis  were found in 27 of the patients and arterial ectasia of slight to moderate degree 
was identified in another 7 patients. The remaining 22 patients had only evidence of arterial le- 
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Figure I 8  Takayasu’s disease in a 21-year-old fernaft. Right ~ u ~ o ~ a ~  ~ ~ e ~ o ~ r a r n  shows diffuse nar- 
rowing of the right main p u l n ~ ~ ~ ~ ~ y  itrtery and the proximal branches (arrows). 

sions of slenosis and occlusion. In total, 55 of the 56 patients had evidence of stenotic and occlu- 
sive tesioas. Arterial fesions were usually fOund in multipte vamdar beds, but in the group with 
visceral artery disease, 60% or the patients had at least one organ free of lesions. Arterial lesions 
were present in the viscera in most of the patients, but in nine patients, there was also involve- 
ment in muscular branches of the thorax, abdomen, or pelvis. An additional nine patients had in- 
volvement of the extremities. 

There were 5 of the 56 patients who presented with rupture of a large aneurysm arising from 
a visceral artery. These were succcssfully treated by transcatheter ernbolization ( 1  2). The diag- 
nosis of rupture and ideiiti~catioi~ of h e m ~ ~ ~ a g e  was made by CT s~anning. The diagnosis could 
also have been made by MRT, but CT is much faster and less expensive to produce, 

D. Kawasaki Disease 
Kawasaki disease, or syndrome, i s  a necrotizing vasculitis that appears somewhat like PAN, but 
it occurs in young children. The arterial pattern of Kawasaki disease is that of aneurysms, usually 
segmental in appcarance, and at times huge in size relative to the native artery. The involved ar- 
terial zones may be widespread as in PAN (Fig. 291, but the p~edomin~ni site of involvem~n~ is 
the coronary arteries ( i 3,14). In this vascular bed, angiography has traditionally been the diag- 
nostic imaging modality of choice, but ultrasound, MR, and electron beam CT scanning are also 
able to detect coronary artery an~~rysms ,  a l ~ ~ ~ ~ ~ g h  areas of a  minima^ degree of i n v ~ l ~ e ~ e n t  



294 Stansan 

Polyartcritis nodosa in a 69-year-old fcmatc. Abdominal aoriogram shows multiple aneurysms 
in the ~ ~ i ~ ~ ~ b ~ t i o n  of the hepatic, sptenic, and supenor mese~ircri~ afteries (arrows), 

Figure 20 Polyarteritis nodosa in a 97-year-old female. Hepatic arteriogcam shows multiple aneurysms 
in the hepatic artery d i s ~ ~ ~ ~ ~ ~ j ~ n .  Some of these are huge relative to the involved artery segment farrows). 
Others are fusiform 111 shape (open arrow). 
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1 F o ~ y ~ ~ i ~ ~ ~ ~ j s  nodosa in a ~ ~ ~ y e a ~ - o i d  male. Common hepatic arteriogmn showing a localized 
view of the gastroduodenal artery, which has a large aneurysm of a proxiinal small branch (arrow). Slight 
ectasia noted in the left hepatic artery (open arrow). 

Fjgure 22 Polyarteritis nodosa in a 32-year-old female. Left renal arteriogram shows large eccentric 
a~~e~i rysms (arrows) i n v o l ~ ~ ~ ~  the primary branches. 
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Figure 23 Polyarteritis nodosa i n  a 34-year-old male. Superior mesenteric arteriogranr shows three 
branches with luminal irrcgukzities. There is severe involvement in one branch (curved arrow) with mulii- 
ple stenotic foci. Two other brariches show minimal Iumind i ~ e ~ ~ ~ ~ ~ t y  (arrows). 

F ~ ~ u ~ ~  24 Polyarteritis nodosa in a 19-year-old fern&. Superior mesenteric arferiogriim shows diffuse 
stenoiic and occlusive lesions (arrows) but without aneurysms. 
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Figure 25 Pdyarteritis nodosa in a 19-year-old female. Left renal arteriogram shows niirltiple stenoqes 
and occlusions of renal artery branches, 

Figure 26 Polyartcrilis nodma in a 25-year-old female. Right rend ~ ~ ~ ~ ~ o g ~ 1 ~  in the ~ ~ ~ e ~ c ~ y ~ a ~  phase 
shows multiple scattered s m d  infarcts (mows). 
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Figure 27 Polyateritis nodosa in a 32-year-old female. Ketroperitorieal arrteriariaf branches in the right 
lower quadrant show areas of ectasia (arrows) and stenoses (open arrows). 

Figure 28 P ~ ~ y ~ ~ r ~ t i s  nodosa 111 a 19-year-old female, Left upper extremity arteriogram sliows occlu- 
sion of rhe arteries in the foreann farrows). 
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Figure 29 Kawasaki disease in a 2 - ~ o n ~ h - o ~ d  infani. Ab~ominal a o ~ o ~ r ~  shows extensive ~~~~~1~~ 

disease present in the hepatic artery branches, left renal artery, and branches of both  ilia^ arteries (arrows). 

would be best detected by ~ngiography. The role of angiography is important to consider when 
trying to detect early arterial involvement. 

E. Behpt’s Disease 
Behqet’s disease i s  rarely c i i c o ~ n t e r ~  in North America because it is nor one of the endemic 
areas. About one-quarter ofthe cases are associated with venous thrombosis for which ultrasound 
is the diagnostic modality of choice while venography is rarely employed. The diagnostic find- 
ings of venous occlusion are nonspecific in patients witb Behget’s disease. Arterial lesions are rare 
and are usually found ro be aneurysms, which may become complicated by occlusion or rupture. 
The most common location is the aorta, followed by the pulmonary arteries and the larger arter- 
ies of the extremities { 15). The ~teriographic appearance of these aneurysms is not specific for 
Bchqet’s disease, but rather they have the appearance of a false aneurysm because of the irregu- 
lar contour of the wall. When found to be multiple in the pulmonary bed. the diagnosis of Beh- 
qet’s disease should be suspected as almost no other condition causes this outside of infectious 
processes (16). 

Diagnostic modalities of CT, MRA, and ultrasound are well suited to detect and evaluate 
aneusysms of Behget’s discase. Angiography may be necessary to identify small aneurysms and 
it offers a treatment option. Therapeutic catheter intervention may be applied in an attempt to con- 
trol hemorrhage in cases of rupture or to prevent rupture in patients with large or symptomatic 
aneurysms. 
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The arterial occlusive lesions of Buerger’s disease may be difficult to diagnose angiographically 
because the early pattern of distal limb involvenieii~ may simulate other diseases. However, in a 
young patient who smokes cigareltes, disval limb arterial occlusions should raise the possibility 
of Buerger’s disease in every case. There are very specific mgiographic findings in this disease, 
which unfo~unately occur in only the minority of kfatients. Other diagnostic imaging modalities 
are not adequate to establish an accurate diagnosis of Buerger’s disease. 

The first ~ g i o ~ r a p h i c  pattern of the disease is that of distal limb arterial stenoses and oc- 
clusions (Fig. 30). Occlusive disease in the feet and hands must be present before any considera- 
tion can be given to a niore proximal lesion in establishing the diagnosis. There is always a skip 
pattern of Occlusive disease in the earIy stages and some nimnal arterial segments are found 
within the affected anatomical level. The findings are bilateral though not often particularly sym- 
metrical (Fig. 3 1 ). As the process progresses centrally, the same type of arterial tesions that are 
found initiaHy in the lower legs and foremns appear more proximally (Fig. 32). Rarely, iliac and 
visceral artery involvement is found. It is not unconimoii for an entire arterial segment, such as 
the posterior tibial, to be occluded Rush to its origin while the companion artery, strch as the per- 
oneal, is normal. This feature is often found among the arteries of the lower legs and forearms. 
Stenotic arterial lesions are common, the appearance being of two types. The first is that of 
smooth narrowing (of short segments) similar to that seen in other types of vasculitis. The second 
is a unique appearance found almost only in patients with Buerger’s disease: a narrowed, tortu- 
ous, i r r e g ~ ~ ~ ~ p a t h w a y  through the lumen of the artery (Fig. 33).  At times, this has the appea r~ce  
of a corkscrew, but it is rarely so uniformly symmetrical. 

An nssociared fi~~ding in patients with Buerger’s disease is p~eseryation of the vasa vaso- 
rum of the occluded artery, which becomes a prominent collateral to the distal circulation. Often 
in these cases, the vasa vasorum is found to have somewhat of a corkscrew appearance because 

Buerger‘s disease in a 22-year-old I‘ernale. (a) Bilateral femora1 a ~ e ~ ~ o ~ r ~  shows irregular- 
ity of the lumen of thc popliteal artery segments (arrows) and ectasia of the right popliteal artery (curved 
arrow). (b) Extensive arterial occl~isivc disease involving the lowcr legs and feet. All major artcfies have oc- 
clusive disease. 
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ure 31 Buerger’s disease in a 49-year-old male. Bilateral femoral arteriography shows occlusion of 
the left poplitcd artery (itnow) arid sfight expansion of the fight popliteal artery (curved arrow). 

U t e  32 Fherges’s disease 10 a 34-yeas-otd mafe. Bilateral femoral arteriopphy shows stemtic lesions 
proxiinally in tlic decp femoral ariei-ies (art-ows). 

of loririosity associated with high flow and thus this corkscrew appearance is not specific for 
Buerger’s disease (see Fig. 3%). 

Another associated finding, which is not common and not widely appreciated, is ectatic 
s ~ ~ ~ ~ n ~ s  of arteries within llie diseased hcd. If this finding i s  present, it is usually foound in the 
popliteal and digital distributions (see Figs. 3Oa and 31). 

As a constellation of findings, the arkriagraphic findings of Buerger’s discase usually are 
quite specific, and the diagnosis is ~~~I~f iden t ly  made by an experienced physician (17-19). Occa- 
sionally, the disease pl-esents for the first time relatively late in life and the diagnosis may become 
difficult to establish in the presence o f  peripheral arleriosclerosis. 

The di fferenlial diagnosis includes sequelae of t l ~ o m b ~ e m ~ o l i c  disease, early arterioscle- 
rosis of diabetes, obliterative arterial disease of scleroderma, ergotarnine toxicity, PAN, and ex- 
posure to cocaine. 
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igure 33 Brterger’s disease in a 58-year-old male. (a) Left fernoral arknograin shows a branch of the 
deep femoral artery (curved arrow) with marked corkscrew irregularity indicating direct angiographic evi- 
dence of Buerg~r’~ disease. These is also a mild degree of luminal irregularity of the superficial femoral a- 
tery (mows). (b) Left femoral arleriogram shows marked irregularity of the lumen of the pcroneal artery 
(arrow) and of the anterior tibial artery {curved arrow) in a corkscrew-like pattern. There is also red~ictioii in 
calikr. This represents direct aiigiograpbic evidence of Buerger’s disease. Also, note the vasa vasorum 
(open arrows) of thc occluded posterior tibial artery. 

111. 

~ccasio~~ally, patients with other types of vasculitis, such as Wegener’s granulomatosis, Churg- 
Swauss syndrome, and others, may come to angiography, Vascular lesions are not often found. 
Rut when they are, the appearance of lesions is similar to those ofthe more common forms of vas- 
c uli tis . 

Angiogrqhy has been the main imaging modality for many years for the diagnosis of arteritis 
and, indeed, for many other vascular diseases. It ~ ~ i n t ~ i n s  its essential role in those diseases with 
predominant small-vessel involvement, such as PAN and Buerger’s disease. In those diseases 
with predominantly large-vessel involvement, such as Beh~et’s disease, ‘kkayasu’s disease, and 
GCA, angiographic findings are the template upon which new and noninvasive imaging rnodali- 
ties are measured. Additional a d v ~ t a ~ e s  of‘ these new ~odalit ies arc that they have the ability to 
display addif om1 findings, such as wall thickening, inflammation, thrombo 
ological information of flow, velocity, and age of thrombosis. 
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Kawasaki 

Karyl S .  Barron 
National Institute of Alkergy and Infectious Diseases, National institutes of Health, 
Bethesda,  and 

Kawasaki disease (MI) is an acute febrile illness of childhood and is the primary cause of ac- 
quired heart disease in children in the United Sates and Japan. Initially described by Dr. 
T o ~ ~ a k u  Kawas~k~ in 1967 (I ) ,  the syndrome was thought to be a ~enign, ~ e ~ f - I i ~ t e d  febrile 
illness. 11 is now recognized to be a systemic vasculitis occurring predominantly in small and 
medium-sized muscular arteries, especially the coronary arteries. Specific epideiniological evi- 
dence suggests an infectious etiology, but a causative organism or toxin has not been identified. 
A current theory describes KD as art ~ ~ n ~ n o l o ~ ~ c a ~ l y  ~ed ia t ed  g e ~ e r a I ~ z e ~  vasculitis that is trig 
gered in a susceptible host by a variety of common infectious agents prevalent in the community 
(2). Morbidity and mortality of the disease are niost often due to cardiac sequelae, and treatment 
i s  based on prevention of coronary artery aneurysm formation. 

11. CLINICAL FEATURES 

The p r i n c ~ ~ a ~  ~ i a ~ ~ o s t ~ c  criteria for KD are shown in Table I along with other associated mani- 
festations. Five of the six criteria, with fever being an absolute, must be present for diagnosis. In 
addition, the illness should not be explained by other known disease processes. “Atypical” cases 
may he diagnosed with fewer criteria when coronary artery aneurysms are noted by echocardio- 
graphy or a n g ~ o ~ r a ~ h y .  

The Fever associated with KD is generally high and spiking (usually to 104 “F, 40 “C, or 
higher), and persists in the untreated patient for 1 to 2 weeks or longer. Kawasaki disease should 
be considered in the differential diagnosis of a young child with unexplained fever. Bilateral con- 
junctival injection usudly begins shortly after the onset of the fever. It typically involves the bul- 
bar conjunctivae more &an the pdpebrat conjunc~vae and is not associated with an exudate (Fig. 
1) .  Typical changes ofthe lips and oral cavity include erythema and fissuring of the lips, erythema 
of the oropharyngeal inucosa, and strawberry tongue, with prominent papillae and erythema. Oral 
ulcerations are not a feature of this disease. Early in the disease there may be brawny ~nduration 
of the hands and feet and erythema confined to the palms and soles. In the c ~ n ~ a l ~ s c e n t  stage of 
the disease, characteristic periungual desquamation of the fingers and toes occurs and may in- 
volve the entire hand or foot (Fig. 21.2; see color plate). Intercslingly, the rash, peripheral edema, 
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Table 1 

Principal diagnostic criteria" 
Fever lasting more than 5 days 
Conjunctival injection 
Oropharyngeal changes 

Charactenstics of Kawassiici Disease 

Erythema, swelling, and fissuring of the lips 
Diffuse erytbciiia of the oropharynx 
Strawberry tongue 

E ~ t h e t ~ i a  of the palms arid soles 
Induration of the hands and feet 
Desquarnation of the skin of the hands and fect 

Periplieral extremity changer 

Polyrnorphous rash 
Cervical Iy~pl~ade~opa~i iy ,  usually a single node >IS ern 

Associated manifestations 
Irritability 
Sterile pyuria, ineatitus 
Pcrineal ciythctna and desquamation 
Arthralgias, arthritis 
Abdominal pain, diarrhea 
Aseptic meni ngiz is 
Hepatitis 
Obstmctive jaundice 
Nydrops of the gallbladder 
Uvcitis 
Scnsorhieural hearing loss 
Cardiovascular changes - - ~  

*Five of the six principal criteria. with fever being an absolute, m u d  
he present for a diagno 

and desquamation are reminiscent of the skin changes observed in some patients undergoing im- 
munotherapy with interleukin-:! (3).  Beau's lines (transverse grooves) of the nails occurs several 
months latcr as a testament to the acute illness. Skin involvement is freyuenlly seen early in the 
disease and is polymorphous and nonspecific. The typical rash is macular or niorbilliform and in- 
volves the trunk and extremities (Fig. 21 3; see color plate). Rarefy, the rash may be pustular, but 
it I s  neither vesicular nor butltws in nature. A large portion of children will initially develop ery- 
thema of the perineum, which evolves into desquamation within 48 h (Fig. 2 1.4; see color plate). 
Cervical lymphadenopathy is considered a principal finding when at least one lymph node is more 
than 1.5 c n  in diarneter. The lymphadenopathy is usually unilateral and is the least common 
among the five principal clinical findings. 

A nrtmber of other features are characteristic of KD, although not included in the diagnos- 
tic criteria. Extreme irritability is common, espccially in young infants. Central nervous system 
involvement may also include aseptic meningitis, facial palsy, subdural effusion, and sympto- 
matic and asymp~~matic cerebral infarction (4). ~ l m o n a r y  infiltrates and pleural effusions may 
be present. Gastrointestinal manifestations include bepatomegaly, which may be associated with 
jaundice ( S ) ,  hydrops of the gallbladder (6), diarrhea, and pancreatitis (7). Renal manifestations 
range from sterile pyuria (most likely secondary to urethral inflam~ation), with or without pro- 
teinuria, to acute rend ~ n s u ~ c i e n c ~ ~  with interstiti~l nephritis proven by biopsy (8). Arthklis and 
arthrdgia may also be seen in the first week of illness and are usually polyarticular, involving the 
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i~~~~ 1 Bilatcrd, nonpuritlent conjuncrival injection is one of the clinical criteria in the diagnosis of 
Kawasaki disease. 

hands, knees, and anktcs. A ~ a L i c i a ~ ~ c u ~ ~  arthritis involving the knees, aitkles, or hips frequently 
occurs in the second or third week of illness. Ocular findings range from inflammatory, nonpuru- 
lent conjunctival injection to anterior uveitis (9). Scnsorineural hearing loss has been reported, al- 
beit in conjunction with aspirin therapy (10). An interesting feature in some patients is erythema 
aid induration at the site of a recent vacc~nation with bacille C a l m e t t e ~ u ~ r i n  (BCG) (Fig. 5). 
While BCG iinmunizalion is rarcly administered in the United States, it i s  commonly adminis- 
tercd to childrcn in Japan. Takayaina et al. ( 1  1) reported crythema at the site of BCG inoculation 
jn 36% of 295 KD patients. The cause o f  this rcaction i s  unknown. 

The clinical features of KD mimic many childhood illnesses, and the differential dia~nosis 
includes infections, toxicosis, drug reactions, comnective tissue diseases, and malignancy, as 
summarized in Table 2. 

Cardiovascular manifmtations can be prominent in the acute phase of the disease and are the lead- 
ing cause of long-term morbidity. In this phase, pericardial effusion is detected by echocadiog- 
raphy in a ~ p r ~ ~ j n ~ & ~ e ~ y  30% of patients and usually resolves s ~ o n ~ a n e ~ u s ~ y  with~~ut specific ther- 
apy. Myocardilis is also common in the acute phase sand may be manifested by tachycardia out of 
proportion to the degree of fever and gallop rhythm. Myocarditis can be detected clinically using 
imaging techniques, and il has been found to he very common in the acute phase of  KD, as diag- 
nosed by left v e n t r i ~ u ~ a ~  ~ a ~ t ~ o n  and reduced contractility on ~chocardiograni, by presence of 
elevated a~tiinyosin antibody titers, and by uptake of gatlium or labeled white blood cells with 
radionuclide cardiac imaging (12). The severity of carditis i s  not: necessarily linked with the pres- 
ence of coronary artery dilatation. Congestive heart failure and atrial and ventricular arrhythmias 
can occur in the setting of KD. E l e c t r o c ~ ~ i o ~ r a m  findings include decreased R-wave voltage, 
ST-begmelit depression, and T-wave llatttening t x  inversion. ~ y o c ~ r d ~ a i  infl~nmation may atso 
cause slowed conduction, resulting in prolongation of P-R and/or Q-T intervals (13). When 
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Figure 5 Erythema and induration at the site of a reccnt bacille Calmette-Gu6rin (RCG) vaccination in a 
patient with Kawasaki disease. 

valvular involvement occurs it is usually mitral, although aortic valve invofvement has been de- 
scribed (14). Recent evidence suggests that mitral regurgitation may be present in 30% of pa- 
tients, although it is usually mild (15). 

Coronary artery lesions are responsible for most of the morbidj~y and mo~ality of the dis- 
ease. They developed in approximateIy 20% of patients prior to the widespread use o € ~ i t ~ v e n o u s  
y-globulin (IVGG), but now occur in less than 10%. Aneurysms usually appear from 1-4 weeks 
after the onset of illness, and it is rare to detect new lesions after 6 weeks (Fig. 6) .  Factors asso- 
ciated with an increased risk of developing coronary artery aneurysms include male gender; age 
less than I yeas; other signs or symptoms of pericardid, myocardial, or endocardial invrtlvemcnt, 
including a ~ h y t l i ~ ~ s ~  ~rolonged fever; recurrence of  fever; elevated white blood cell COLIEE; in- 
creased level of cytokines, including interlenkin-6, interleukin-8, and tumor necrosis factor; and 
elcvated P-thromboglobulin, an indicator of increased platelet activation (1 3,16-19). 

Coronary artery aneurysms are described as small (4 mm), medium (4-8 rnm), or giant (>8 
a), and are more commonly proximal than distal. Aneurysms may be fusiform or saccular 
(near-e~L~d axial and lateral ~ a ~ e t e r s ~ ,  Ectasia of the vessels (vessel size larger than age- 
matched controls) i s  also a common finding. Aneurysms are most easiiy detected by tran~thoracic 
two-dimensional echocardiography, but other imaging tcchriiques are being evaluated (20-25). 

The natural history, or fate, of the coronary aneurysms is the critical issue of KD. Most 
ectatic coronary lesions and small aneurysms regress, whereas moderate aneurysms remain un- 
changed, regress, or progress to stenosis or obsr~uctio~ ( 2 6 2 8 ) .  Giant aneurysms rarely regress 
in size. Kato (291 investigated the various factors that could affect the prognosis of coronary 
aneurysms and found that the most important factor to prcdict the prognosis was the size of the 
coronary aneurysms. By discrimination analysis, the risk factors for coronary aneurysms to de- 
velop into ischemic heart disease included the size of aneurysms greater than 8 mm and the shape 
of large diffuse or saccular aneurysms. Coronary ~ e ~ r y s m s  developing in patients older than 2 
years of age were also less likely to regress. ~ a ~ o l o g y  of the ~ o r o n ~ y  artery in KD several years 
after onset demonstrates marked intimal proliferation, and in some patients, calcification deposits 
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Table 2 ~ i f f ~ e n ~ i a ~  Diagnosis of Kawasaki Discase 

Infection 
Bacterial 

Streptococcus spp. 

~ r ~ ~ p ~ o f ~ ~ ~ ~ ~ c t ~ r i ~ m  scam 

Leptospira spp. 

Rocky Molozlntain spotted fcvcr 

Measles 
Adenovinis 
Parainfluenza 
Epstein-Barf virus 
Cytomnegalovirus 
Retroviruses 

Candida syp. 

~ ~ t i 7 p h y ~ O C O C C u S  Spp. 

Spirochetal 

Rickettsial 

Viral 

Futigaf 

Toxicosis 
Mercury 

Dr~ig reactions 
Antibiotic% 
Antifungats 
Anticonvulsants 

Systemic onset juvenile rheumatoid arthritis 
Other vasculitides 

M ~ ~ ~ ~ n a i ~ c y  
Leukemia 
Lymphoma 

Connective tisstte disease 

of protein-like material and hyalinized degeneration in lhe thickened intima, which are y uitc sim- 
ilar to arteriosclerotic lesions (29). 

While some aneixrysms appear to regress to a normal size by echocardiogaphy, these ves- 
sels most likely remain abnormal, as response to ~ ~ a r ~ a c o l o ~ i ~ ~  di~ation may remain impaired 
(30). Pathologically regressed aneurysms may reveal abnormal intiinal proliferation (3 1) and, in 
fact, may also be associated with narrowed lumens and calcified arterial walls, despite the fact 
that these changes may not be apparent on arteriography (25). Therapy with IVGG has decreased 
the incidence of giant aneurysms @6), which rarely regress and frequently develop complicating 
thromboses, stenosis, or tord occlusion. Myocardial infarction may result; when it  occurs, it i s  
most likely to he in thc first year, with 40% occurring in the first 3 months of illness (32). Symp- 
toms of tnyocardial infarction in the young child include inconsolable crying, vomiting, dyspnea, 
c ~ d ~ ~ v a s c ~ l ~  collapse, and shock. Chest pain has been described by children who can COTXIIIIU- 

nicate the symptom (13). There are case reports of young adults suffering from myocardial in- 
farction over a decade after their initial disease (33-3S), and others with coronary artery aneu- 
rysms who were not known to have had KD as children (36,373. 
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Figure 6 Giant coronary artery aneurysms in a pathological specimen from a patient with Kawasaki dis- 
ease. 

Blood vessels other than the coronary arterics may also be involved, including the abdom- 
inal aorta (38), the superior mesenteric (39), axillary, subclavian, brachial, iliac, and renal arter- 
ies. with resultant distal ischemia and necrosis (Fig. 7). Peripheraj extremity ischemia occurs in- 
~requentiy, but may result in gangrene of the affected area. Vasculitis with resultant vessel spasm 
is thought to be responsible (40). 

Eighty percent of cases of KD occur in children less than 5 years of age. Worldwide, the peak in- 
cidence is in children 2 years of age and younger, with boys affected 1.5 times as often as girls. 
Recurrences occur in 1-3% of cases (12), and familial incidence i s  approximately 2% (41). Al- 
thoti& all racial groups are represented, children of Asian ancestry continue to predominate, with 
the incidence in the Japanese being highest at approxin~d~ely 50-200 per 100,000 children less 
than 5 years of age (nonepidemic vs. epideniic years) (1 2,42). The incidence in the United States 
ranges from 6-1 5 per 100,000 children youngcr than 5 years of age (43), with Asian Americans 
being proportionately ovcrrepresented and white Americans underrepresented. In North America, 
cases occar t ~ o ~ g h o u t  the year, with larger iiumbers occurring in late winter to early spring (44). 
Mortality rates have been shown to be higher in boys, with most deaths occurring in the first 2 
months of illness. Nakkamura et al. (45) has shown that if deaths in the first few months of illness 
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Figure 7 Aneurysms can occur in arteries other than the coronary arteries in Kawasaki discase. (Top left) 
~adio~raph of an an~urysi~ of the s u ~ c l a ~ 7 ~ 1 ~  artery. (Top right) Vaseutitis with probable vasospasm ofpe- 
ripherd arteries in Kawasaki disease may lead to compromised perfusion distal lo the 'lesion with consequent 
ischemic changes as seen in this infant's arm. (Bottom right) Aneurysm of the tdw-ulf ol  the renal artery 
and areas of infarction in the upper pole of Ihe kidney. ( ~ o ~ o i n  left) Arteriogram revealing aneurysm of renal 
artery. 

are excluded, the death rate for both boys and girls was not statistically different froni that for the 
control population, With the institution of therapy with IVGG, case fatality has improved from 
2-0.3% or less (46). 

V. LABORATORY FINDINGS 

Laboratory evaluation early in the course of disease reveals a leukocytosis with a left shift, nor- 
mochromic, nomocytic anemia, increased sedimentation rate, increased a,-antitsypsin (as an 
acute phasc reactant), and depressed albumin. l ~ o n i b o c y ~ o s ~ s  occurs in the subacute stage of the 
disease, with platelet counts frequently reaching 1 ,OOO.OOO/pL or greater. Lipid metabolism has 
been found to be abnormal in the acute stage, with a decrease in high-density lipoprotein choles- 
teroi and total cholesterol. Months later, totai clioles~erol levels return to normal, but ~ ~ h - d e n s ~ t y  
lipoprotein levels may remain depressed for severai years (47,48). A mild hepatitis may be evi- 
dent by elevated transaminases, and direct bilirubin and urobilinogen may be elevated secondary 
to hydrop~ of the gal~bladder with ~ ~ n c t i o i ~ ~ ~  biliary tract ~ b s t r u c t ~ ~ ~ n .  ~ n ~ a l y s ~ s  may reveal mild 
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proleinuria. probably secondary to fever, and sterile pyuria. probably a reflection of urethral in- 
volve~nent. Cerebrospinal fluid shows a mononuclear pleocytosis with normal protein and glu- 
cose. Joint fluid shows predominantly polymorphonuclear neutrophilic leukocytes with 50,000- 
3 0 0 , O ~ ~ ~  celts/nim3 (46). 

Although wc have yet to determine the initiating factor, immune activation may play a 
major role in KD pathogenesis. Acute phase leukocytosis is accompanied by increased numbers 
of circulating helper T cells, increased mono~ytes and ~iacrophages, and polyclonal activation of 
B cells (2,49-5 1). Other findings associated with aberrant immune regulation include increased 
levels of serum interleukin-1 (521, interleukin-2 (53), soluble interleukin-2 receptors (54), inlcr- 
leukin-4 (551, interleukin-6 (56), interleukin-10 (55,57), tumor necrosis factor-a (TNF-a) (49, 
5X), interferon-y (59), and soluble 0 3 0  serum antigen (60). Furukawa et al. (61) reported that 
serum levels of p~o-so~uble TNF receptor levels may also be useful for d e ~ e ~ n i ~ g  the severity 
of vascular damage during acute KD and that patients with KD and high TNF receptor levels 
seem to be susceptible to coronary artery lesions even if they receive therapy with IVGC. CDl4-i- 
T cells are increased, as are the percentages of monocytes and macrophages (compared with the 
total number of monocytes) and B cells (2,49-5 1 ). Antineutrophil cytoplasmic antibodies may be 
present, however it seems likely that these antibodies are nonspecific ep i~heno~ena  associated 
with generalized immune activation and polyclonal B-cell activation, rather than pathogenically 
important agents (62). Finally, recent studies show that elevation of plasma endothelin-1 (63) or 
urine neopteriii (64) may be markers of activation of the cellular immune response and thus may 
servc as predictors of coronary artery aneurysm development. 

VI. 

Although the etiologicaf agent of the disease remains a mystery, epidemiological data indicate 
that there may be an infectious cause. Marry organisms and loxins have been reported as possible 
agents in the disease: S ~ ~ ~ ~ y l ~ c ~ c c ~ ~  spp., ~ t r e ~ ~ ~ c ~ c ~ ~ . ~  spp., ~ u ~ ~ ~ ~ u  spp., R ~ ~ ~ ~ ~ t . ~ ~ u  spp., 
retroviruses, Rpstein-Barr virus, and others (65) (see Table 2). Enterotoxins and exotoxins of 
s ~ a p ~ } ~ l ~ ~ c ~ ~ c c i  and strcptococci have recently been identified from cultures, p r e ~ o m i n ~ n ~ ~ y  of the 
rectum and oral pharynx, in a small cohort of children with KD. Although Leung et al. (66) spec- 
ulaled that these toxins may be acting as superantigens in the disease process, others have failed 
to confirm this association (67,68). Virus-like particles with reverse ~ransc~ptase activity (tisf, ex- 
tracellular products of  oral Streptococcus viridans strains (70), antibodies to heat-shock protein 
65 (711, and Epstcin-Ban- virus genome isolated from rend cells and aorta (72,73) have all been 
described in childrcn with KD. Unfortunately, none of these hypotheses has been proven as yet. 
Conventional methods for detection of  an infectious agent have failed to yield the cause of KD. 
With the advent of new inolecutar biology techniques, it i s  now possible to look for infectious 
agents by molecular cloning. By creating a cDNA library from a patient with KD, Rowley eE al. 
(74) have preliminary evidence of iiovel cDNAs that may provide further support for an infec- 
tious etiology. 

Kawasaki disease has a high incidence in the Japanese as well as disproportionately high 
attack rate among Japanese ~ e ~ c a n s .  For chis reason, a number of investigators have searched 
for evidence of genetic susceptibility. Whereas some reports suggest a major histocompatibility 
antigen association with susceptibility to KD (75,761, others have failed to find a significant as- 
soci ati on (77 ,'?@. 

The pathological consequences of immune system activation in KD are well described, con- 
sisting ~ r ~ m ~ i l y  of findings one would expect from a vasculitis that affects small aad medium- 
sized blood vessels. Skin biopsy specimens from children in the acute stage of KD are character- 
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izcd by extensive edema of the capillaries. The predominant cellular infiltrate is mononuclear (79). 
EILA-DR has been found to be expressed on the e p i ~ r ~ n a l  keratinocyte sufface, on walls of small 
blood vessels, as well as coronary artery endothelium in KD patients (80,81). 

Treatment: in the acute phase of the disease i s  aimed at limiting i n ~ ~ ~ m a t ~ o n ,  especially the coro- 
nary arterial wall and myocardium. Later, therapy is aimed at preventing coronary thronibosis by 
inhibiting platelet aggregation. Specific therapy awaits the discovery of the causative agent. 

Treatment with IVGG in various regimens has been shown to significantly reduce the inci- 
dence of coronary artery aneurysm formation, as well as abate the fever and reduce myocardial 
inflammation (82-84). In the United States, the standard of care is 2 g/kg IVGG as a single infu- 
sion (85). Aspirin i s  given concurrently at a dose of 80-100 mgikglday orally until the fever has 
subsided. In children with KI3, abso~t ion  of aspirin may be impaired and m o ~ i t ~ ~ i ~ n g  serum con- 
centrations can be helpful in appaent nonresponders or in certain other circumstances (1 3). After 
the child becomes afebrile the dosage is then reduced to 3 to 5 rnglkglday, which is sufficient for 
the  tipl late let effect. This low dose of aspirin is then co~tiiiued for approxii~ately 6-8 weeks and 
then discontinued when the platelet count has returned to normal and if there is no cvidencc of 
coronary artery abnormalities. If coronary artery abnormalities are detected, low-dose aspirin 
therapy should be continued indefinitely and the patient referred to a pediatric cardiologist for 
long-term €allow-up. The risks of aspirin in children with KD are similar to those reported in 
other settings: transaminase elevation, gastritis, transient hearing loss, and, rarely, Reye's syn- 
drome. These risks may be increased in KD; aspirin binding studies suggest that the hypoalbu- 
minemia of KD predisposes to toxic free salicylate levels despite measured values within the ther- 
apeutic range (86). To reduce the risk of developing Reye's syndrome, aspirin therapy should be 
temporarily discontinued if the child develops varicella or influenza. 

Lfthe fever persists despite treatment with IVGG, a second dose of fVGG at 1 glkg may re- 
sult in defervescence, although it is unknown whether retreatment prevents the development of 
coronary artery lesions (87). 

Intraveno~s ~-g~obuIin therapy in KD is not free of toxicity. G ~ m a " g ~ o b u ~ i ~ i  i s  a biologi- 
cal agent derived from pooled donor plasma, and potentially important product-manulacturing 
differences exist. Its safety profile is generally favorable, but minor side effects such as fever, 
headache, and rash occur in I-15% of cases, depending upon the brand (12). In addition, there 
have been reports of aseptic meningitis, hernolysis, and disseminated intravascular coagulation, 
possibly related to antibodies present in IVGG (88). The greatest potential concern is transmis- 
sion of blood-borne pathogens. Elaborate sterilization procedures, including lyophilization, pas- 
teurization, and addition of solvent detergents, are generally effective in rendering the product 
free of at least lipid-soluble viruses. Nonetheless, an apparent manufacturing breach led to more 
than 100 cases of hepatitis C in recipients of a single brand of IVGC in 1994, although none oc- 
curred in children with KD (89). Finally, IVGG is expensive; the wholesale cost is $25-75 U.S. 
per gram, with the average child receiving about 30 gr (1 2). 

A subgroup of patients with KD is resistant to IVGG therapy; these patients are at greatest 
risk of developn~ent of coronary artery a n e i ~ s ~ ~ s  and l~ng-term sequciae of the disease. No ef- 
fective treatment for these patients with refractory disease has been established. Wright et al. (90) 
described preliminary rcsults showing that some patients with IVGG-resistant KD can be treated 
safely with intravenous pulse steroid therapy. Further prospective studies are needed to confirm 
these findings and other anecdotal reports of steroid efficacy and safety in KD. 



31 4 Barron 

Unfortunately, at this time, there is no sensitive scoring system to enable early prcdiction 
of which children will develop coronary a b n o ~ ~ l i t i e s .  Therefore, the current reco~nmendation is  
that all children diagnosed with KD within 10 days of onset of fever should receive IVGC and as- 
pirin as early as possible. 

Children with Kawas,iki disease should not receive live virus vaccines (e.g., measles- 
mumps-rubella) for at least 5 months after treatment with intravenous y-globulin, because the 
preparation may contain neutralizing antibodies, thus preventing the proper irnmunc response. 

The mechanism of action of IVGG in KL) is unknown. Therapy with IVGG may act in sev- 
eral ways to abate the inflammatory response, including Fc receptor blockade, neutralization of 
an infectious agent or toxin, provision of negative feedback to B cells secreting immune globu- 
lin, prevention t3f platelet adhesion to vascular wall cnd~~thc l iu~ ,  and jnduction of an a ~ t i c ~ o k i n e  
effect (91,92). The clinical benefit of PVGG in KD is generally so prompt that it is very tempting 
to conclude that cytokine downregulation, which could occur over a very short time course, is the 
best exp~an~tion. In support of this theory is a report by Takata et at. (93) that demonstrated an in- 
hibitory effect of pooled human immunoglobulin on interleukin- 12 and intcderon-y production. 

Additional therapeutic options have bccn suggested for KD; however, no formal consensus 
as to efficacy has been achieved. In response to reports of elevated TNF-a and soluble TNF re- 
ceptor levels in acute KD (49,58,61), pentoxifylline (thought to block TNF-a production) has 
been tried in combination with IVGG (94). This preliminary study, which reported efficacy in re- 
ducing the incidence of coronary artery lesions when administered early in the course of KD, 
awaits confirmation by other investigators. 

The duration, frequency, surd best imaging methods for long-term follow-up arc still a mat- 
ter of debate. Of greatest coiicern me those children with initial coronary artery aneurysms, be- 
cause thrombosis or segmental stenosis may occur in lhe chronic phase of the disease. The Amer- 
ican Heart Association has recommended guidelines for long-term follow-up (95). Children wilh 
niultiple aneurysms, giant aneurysms, or known coronary artery obstruction require close follow- 
up and possible long-term anticoagulation therapy. Stress testing in the adolescent years is impor- 
tant, especially in those patients with a history of coronary artery involvement, because abnor- 
malities may require limitations in physical activity and may indicate the need for angiography to 
assess the degree of coronary artery stenosis or obstruction. Long-term follow-up of these patients 
has ye1 to determine an increased risk of development of atherosclerosis; however, careful follow- 
up seems prudent. Despite normal arteriographic findings in some coronary aneurysms, the sites 
of regressed aneurysms may show a reduced vasodilative reactivity, indicating a great concern of 
the possibility of dcvclop~cnt of localized stenosis and ~ ~ e r ~ o g r a p ~ i c  changes regardless of the 
artcriographic improvement on follow-up studies (96). 

Severe coro~iry artery complications of KD have been treated by a variety of corona-y ar- 
tery bypass procedures (97-99). Coronary artery bypass grafting (CABG) is technically feasible 
in patients as young as 8 months (1'2). Revascularization has long-term bencfiLs in selected pa- 
tients; however, there is a small population of patients in whom revascularizatian procedures are 
not successful or not possible because of the extent of their disease. This has led to cons~derat~on 
of cardiac tsansplantation in these patients (l00,lOI). The most common indications for trans- 
plantation include very severe left ventricular dysfunction secondary to infarctions, severe ar- 
r ~ y t h ~ a s ,  and extensive distal multivessel  corona^ djsease. 

Kawasaki disease is an immunologically mediated diffuse vascnlitis of childhood with generally 
self-limited clinical features. ~ ~ o r b i d i ~ y  and mortality are p~mariIy due to car~ovascular com- 
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plications, specifically, the development of coronary artcry aneurysms. Current therapy with as- 
pirin and rVCG has s ~ g n ~ ~ c a n ~ y  improved the long-term morbidity of a€fected children. Al- 
though immune system activation occLirs in the acute stage of the disease, the initialing factor i s  
yet to be identified. 
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Al~hough well described in all age groups, ~enoch-Sch~nlein purpura (HSP) i s  mtich less fre- 
quent in ad~ilts than in children. In school-aged children, the incidence of HSP i s  as high as 13.5 
per 100,000. Girls and boys are affected equally and the mcdian age of onset i s  4 years (1). Con- 
troversy exists regarding seasonal increase in its occurrence with reports of peaks in the spring, 
fall, and winter months. In 50% of the children, HSP is preceded by an upper respiratory tract in- 
fection. Multiple organisms have been implicated in triggering HSP, including streptococci, My- 
cuplama ~ n e ~ ~ n ~ u e ,  Yirsilzia, Legionella, ~ ~ l ~ ~ ~ ~ b a ~ ~ ~ ~  p y  luri, Epstein-Barr virus, hepatitis B, 
varicella, adenovims, cytomegaIovi~s, and parvovi~s B 19. Several case reports link vaccina- 
tions against typhoid, paratyphoid A and B, measles, cholera, and yellow fever with the subse- 
quent development of ASP. This suggests thal more than one infectious agent may trigger the ex- 
pression of the disease. In a d d ~ t ~ ~ ~ ,  allergens such as drugs ~ ~ n i c i ~ i n ,  anipicillin, e r y ~ r o ~ y c i n ,  
lisinoprit, ex~alapril, acetylsalicyIic acid, quinine, and quinidine) as well as foods, cxposurc to 
cold, and insect bites have been implicated as potential triggers (2). 

II. CLINICAL FEATURES 

The diagnosis of HSP in children requires the presence of palpable purpura (Fig. 22, t; see color 
plate), with a normal platelet count. Although most children have the classic triad or purpura, col- 
icky abdominal pain, and mthritis, up to 50% of children may present with sytnptonis other than 
pxirpura (Table 11, iiicluding ~bdominal pain, arthritis, and ~ ~ p o ~ ~ n t l y ,  testicular swelling (whrich 
inust be differentiated from testicular torsion). MultipIe manifestations of ASP have been de- 
scribed, including pulmonary hernorrhdge, which allhough exceedingly rare, may be fatd. In a 
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fable 1 Clinical Manifestations of HSP 

% at onset % during course 

Purpura (nl platelet count) 
Subcutaneous edema 
Arthritis (large jts) 
Gastrointestinal disorder 
Rewal disorder 
Genitourinary (ddx torsion) disorder 
Pulmonary (TLCC)) disorder 
Pulmonary hernoxhage 
CNS (headache, organic brain, seizures) 

SO 
1 Q-20 

25 
30 
? 
? 
? 
-? 
? 

1 (XI 
20-46 
6&84 

85 
f 0-50 
2-35 
95 

rare, may be fatal 
rare, may be fatal 

recent study. 95% of children with active disease had decreased carbon monoxide diffusion ca- 
pacity that resolved when purpura resolved (3). 

It i s  interesting to note that the clinical spectrum differs in  younger children and older chil- 
dren (Table 2); rend disease occurs less often in children who are less than 2 years of age while 
subcL~tanc~)us edema i s  more common in this age group than in cliildren older than 2 years (4). 

Similar to other rhcumalic conditions of childhood, the course of HSP may be quite vwi- 
able. It may be thought of as monophasic in the majority (280%) of children, polyphasic in 10- 
20%, or may become chronic and continuous in less than 5%. 

A. ~ u t a n e ~ u ~  Manifestations 

Palpable, non~hromb~)c~~o~enic  pucpura is a prerequisite to the diagnosis and occurs in 100% of 
patients, but may be a presenting sign in only 50%. Dependent areas of the body, such the but- 
tocks and the lower extremities, are the most common sitcs of the rash. Edema of the hands (Fig. 
2), feet, scalp, and ears is a common (2046%) early finding. 

Joint Involvement 

A ~ ~ l g j a  or arthritis is the second most common syitlptom of HSY. Acute arthritis most fre- 
quently affects the knees and the ankles and occurs i n  6044% of the patients. Arthritis and 
arthrafgia may precede the rash in 25% of childreii. The arthritis i s  transient and self-limited but 
may be painful and may produce occasional inability to ambulate. There are no permanent se- 
quelae in regard to jaint space narrowing and crosions. 

Table 2 Influence ofAge on Clinical Man~~es~ations in Children 

<2 years old, >2 years old, 
% involved 5% involved 

Renal 23 43 
GI 29 75 
Arthritis 56 73 
Scalp edcma 59 19 
Other ederna 71 51 

SOlirrtZ Ref. 4, 
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Figure 2 Painful, unilateral edema over thc dorsum of the hand in a 12-year-old boy with purpura, ab- 
dominal pain, and niicroscopic hematuria. 

C. ~ a ~ ~ ~ ~ j ~ ~ ~ $ ~ ~ ~ a ~  ~~~~i~~~~~~ 

Gastrointestinal (GI) signs and symptoms have been reported in up to 85% of patients and include 
coiicky pain, nausea, vomiting, and gastrointestinal bleeding. Up to a third of the patients with 
HSP and GI m ~ i ~ e s ~ a t i o n s  experience hei~ateinesis and 50% have occult b~cedin~,  but major 
Iiemoi~hage occurs in only 5%, and intussusccplion in 2%. Most cases of abdominal pain are due 
to submucosal and intramural extravasalion of fluid and blood into the intestinal wall, which may 
lead to localized ulccrahn of the mucosa and may be associated with diffuse arterial inflamma- 
tion and fibrinoid necrosis. ~ n d ~ s c o ~ i c  studies commonly reveal h e ~ n o ~ r h a ~ ~ c ,  erosive duodeni- 
tis. Less frequently, gastric, jejunal, colonic, and rectal erosions have been demonstrated. In a re- 
cent study (51, upper GI endoscopy revealed abnormalities in 6 of 7 children with HSP, while 
s igm~idosc~p~/  revealed a b n ~ r ~ ~ i t i e s  in 1 of 4 of thc patients. The rnucosal changes were more 
marked in the second part of the duodenum rather rhan in the bulb or in the stomach. Endoscopic 
findings included redness, swelling, petechiae or hemorrhage, as well as erosions and ulceration 
of the mucosa. Histology of the mucosal biopsy specimens revealed nonspecific i ~ ~ a i ~ a € i o n  
with positive staining for IgA in the capillaries but no evidence of vasculitis. 

Radiographic findings are nonspecific and may include thickening of bowel wall, blurring 
of bowel folds due to edema of the wall, scalloping due to local hemorrhage of bowel wall, fill- 
ing delects in bowel wall due to vscuiar occlusion in the submucosa, bleeding into the mesen- 
tery, and intussusception. Sudden increase in intensity of abdominal pain may be secondary to 
intussusception, bowel infarct, perforation, pancreatitis, or lydrops of the gallbladder. Intussus- 
ception is reported in 2% of children with HSP while other GI complications are extraordinarily 
rare. The cause of in~ussusceptioii may be bowel wail edema or a subniucosai henutoma. The 
HSP-related intussusception is iieoileal in 65% of cases compared with idiopathic inttissuscep- 
tion which is usually ileocolic. As a result, ultrasonography (US) is more helpful in the diagnosis 
of intussuscep~ion in children with HSP rather than barium enema which may miss the iteoitcal 
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location. In a recent study (6) of 14 children with HSP and abdominal pain, high-resolution US 
provided information at three levels: 

Acute ahdominal pain was associated with US evidence of edema and hemo~hagic 
changes of the intestinal wall in all cases. The enteric wall appeared thickened (3-1 1 
nim). Lesions were diffuse in 6 children and focal in others (duodenal in 5 ,  jejunal in 
2, and ileal in I ) .  
US was a convenient means to follow the evolution of the disease. There was extension 
of lesions in 5 patients and resolution in the remaining 9 children in whom US showed 
progressive decrease of parietal thickening, reexpansion of smali bowel lumen, and 
reappearan~e of peristalsis. 
In each case, US detected surgery-requiring complications: ileoileal intussusception in 
3 patients and perforation in 1 .  

I .  

2. 

3. 

The incidence of renal involvenient in HSP ranges between 10 and 50% (4). Childrcn over 9 years 
of age develop glomerulonephri ti s more often than their younger peers. Reportedly, children with 
bloody stools have a 7.5-fold increased risk for renal disease compared with childreii whose 
stools are hemoccult negative. The overall prognosis for renal disease is favorable, with a 1.1- 
4.5% incidence of persistent involvemcnt and an approximate < 1 o/c progression to end-stage 
renal failure. Generally, renal involvement occurs within 3 months of onset of the rash. Persis- 
tence of rash for 2 to 3 months i s  associated with a slightly increased risk of nep~opathy. 

Clinical expression of  nephritis ranges from transient isolaled microscopic hematuria to 
rapidly progressive glomerulonephritis. Hematuria is detected in virtually all children with I-ISP- 
associated nephritis. Proteinuria, nephrotic syn~ome ,  hype~e~ision, and renal insu~ciency are 
uncomnwn. IJp to 15% of children with the combina~ion of hematuria and proteinuria may de- 
velop progressivc renal insufficiency. Up to 50% of children who present with nephrotic syn- 
drome and evidence of renal insufficiency develop renal failure within 10 years (7). 

Similar to clinical expression, renal h i s t o ~ ~ h o j ~ g y  ratiges fmrn min~mal change to severe 
crescentic glomerulonephritis (GN). Electron microscopy may reveal mesangial, subendothelial, 
and subepithelial deposits. lmmunofluorescent studies reveal diffuse glomerular deposition of 
i ~ u n o g l o b ~ l i n  A (IgA), C3, fibrin, TgG, properdin, and IgM. 

H~noch-Sch~nlein puipra  and IgA nep~iropathy, the latter described almost exclusively in 
young adults, appear to be related disorders on the same spectrum (7). It is important to note that 
30% of adult patients with IgA nephropathy have rash and joint symptoms similar to HSP. An in- 
creased serum IgA level is seen in both disorders and renal biopsy findings are identical. How- 
ever. HSP is a systemic syndrome while IgA nephropa~~y is primarily localized to the kidney. The 
age of onset is the major difference between these two histologically similar illnesses, and prog- 
nosis remains favorable for HSP and guarded for IgA nephropathy. Yet unknown is whether adults 
with IgA nep~opathy had HSP as children (8). 

/. ~ e n i t o u ~ i ~ ~ ~ y  involvement 

Extrarenal gen i iou r in~  i ~ ~ ~ ~ l v e ~ e n t  has been described in HSP and may precede the rash. Acute 
scrotal swelling, secondary to in~an ima~on  and hemorrhage of the scrotal vessels, has been re- 
ported in 2-35% of children. The frequency of 18% was recently reported by Chamberlain and 
Greenbcrg (9) who reviewed the medical records of 61 children with HSP and found that 10 had 
scrotal involveInent on physical exa~inat j t~n and one patient reported purpuric lesions and scro- 
tal edeina 2 days prior to the onset of generalized rash, The diffcrcntiation of scrota1 edeina from 
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acute torsion of the spermatic cord is a challenge in children who have scrotd inv#lveinent as the 
first sign of I-ISP (10). In testicular involvement from HSP, normal or increased Doppler and ra- 
dionuclide flow are expected, while in idiopathic testicular torsion, both the Doppler flow on the 
affected side and the uptake of radionuclide are decreased. Evaluation of boys with testicular 
swclting should include one or both of these techniques, which may reveal features of va~cutitis 
and may avoid the need for surgical exploration (10 ) .  True testicular tor5ion is rare in HSP but 
when it occurs, it represents a surgical cmcrgency since vascular insufficiency may lead to in- 
farction and death or the Leydig cells within 10 h unless blood supply is restored. 

F. ~ e ~ t r ~ ~  ~e~~~~ ~ y ~ ~ @ m  ~ ~ w ~ l ~ e ~ ~ n ~  
Central nervous system involvement i s  exceedingly rare but has been described. The most corn- 
mon mani festation is headache, followed by subtle encephalopathy with minimal ch'mges in 
mental status, labile mood, apathy, and hyperactivity. Seizures, subdural hematomas. cortical 
h~morrhagc, i ~ ~ a p a r e ~ c ~ ~ r r n ~  bleedi~g, and infarct~~n have been d o ~ u m ~ ~ ~ e d .  Peripheral ncu- 
ropathy may also occur, but is rare ( I  I ) .  

G. Pulmonary ~ n ~ o i w e m e n ~  
Chaussaiti et al, (3) d o c u ~ e n t ~ d  i i ~ p a ~ ~ e n t  of lung ~~i f fus~on cdpacity in the m ~ j ~ ~ ~ t y  of children 
with HSP during tfie active phase of the illness. In a study d 29 children, 28 had significant de- 
crease of lung transfer for carbon monoxide (54.8% of predicted TLCO). During the subsequent 
longitudinal follow-up, TLCO iiormalized in all children who recovered complete1 y but remained 
abnormal in patients who had evidence of persistent disease activity. The authors concluded that 
decreased TLCO i~~asurement  may reflect an alteration of the a l v e ~ l a r - ~ a ~ i l ~ a ~  membrane sec- 
ondary to ci~culating immune complexes and thus sewcs as a parai~eter of disease activity. None 
of the patients in this study had clinically apparent pulmonary distress. However, massive pul- 
monary hemorrhage has been reported in HSP. Olson et al. (12) described four children with se- 
vere pulmonary bleeding of whom one died of massive pulmonary hemorrhage. Although an au- 
topsy was not performed, previous reports of postmortem pulmonary specimens in IISP have 
revealed ~ r i a r ~ e ~ i ~  i i i ~ l t r ~ ~ e s  and fib~noid necrosis of the lungs. 

H. HSP in A~ul ts  

It has been suggested that NSP differs in the adult and pediatric populations. However, numerous 
studies publis~ed over the last 30 years have not provided convincing data dclineat~ng clcar dis- 
tinctions. Different results appear to be due to variations in popuhtion characteristics, orJtcorne 
measures, and inclusion criteria. Table 3 is a summary of the available data that highlight clinical 
characteristics in presumed adult HSP. It i s  difficult to make comparisons among studies, given 
the lack of uniform adherence to defining criteria such as those proposed by the American Col- 
lege of ~ ~ e u m a t ~ ~ l ~ ~ g y  fACR) (24) M use of standard no~cnclature, such as pr~poscd by the 
Chapel Illill Consensus Conference (19). 

Early studies are most difficult to evaluate regarding significant differences between adults 
and children. Bernhardt (1 3) first studied and delined HSP in adults, citing the second case report 
of this vasculitis occurring in a 36-year-old woman in 1808 originally described by 'willan. in 
the 18 patients studied by 3ernhar~t, many had rend invo~vement with more severe associated 
moi-bidity. The first large p~~pulation study to define HSP in adixlts included 77 patients 114). 
Forty-nine percent of the cases presented with renal disease with either abnormalities of urinary 
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Table 3 HSP in Adults: Clinical Characteristics of Study Populations 
"_ 

Bemhardt Cream Bar-On Roth Tancrede- Blanco Uthman 
Author (ref.) (13) (14) (15) (16) Bohin(21) (22) (20) 

Study period fyrs) 1956-1966 1956-1968 1959-1969 1968-1983 1985-1993 1975-1994 f986-1996 
No. patients 18 77 21 9 57 46 f 0 
Mcan age (yrs) 45 43.7 34 48 52 53 37 
% male 72 50 57 N D" 49 80 82 
% purpura 100 100 100 100 100 94 1 on 
o/o arthritis 8% 56 76 67 33 37 100 
5% GI sx 94 53 66 67 19 57 100 
% renal sx 83 50 57 1 INf 49 85 90 
o/o rend biopsy 28 0 38 fOO 23 13 NDR 
% cwh 30 10 22 22 7 13 20 -- - 1 1 ~  

"ND = not delineated within the study population. 
bCRF = clironk renal failure, as denoted by need for dialysis or inipalred crealinine clearance. 

sediment (16 of 77), acute nephritis (19 of 77) or progressive renal disease (3 ol' 77); biopsy was 
oblained only in patients with progressive renal disease, The niortality from read disease was 4%. 
Although Cream el al. (14) concluded that the prevalence and mortality of HSP in adults was 
comp~able  to that in children, many textbooks reference this Gartide to subs~antiate the claim that 
renal disease i s  more severe in adults. These authors did conclude adults were more likely to de- 
velop skin necrosis and "there is little to be gained in dividing what i s  probably a spectrum of dis- 
ease" (14)- Further attempts to assess HSP in adults and severity of renal disease include a study 
by Bar-On and Rosenmann (15) in which 10 of 21 patients developed renal disease; 8 of 10 had 
renal biopsics and 2 patients progressed to renal Failure. These two patients had diffuse glomeru- 
foncpldtis. The authors concluded that renal biopsy characteristics at presentation are predictive 
of outcome and that renal disease runs i t s  course independent of treatment and response of other 
organ systems. Roth et al. (16) further studied the spectrum of adult HSP and reached similar con- 
clusions. Although only nine patients are reported, all had renal biopsies and seven had mesan- 
gial deposition of IgA, Renal outcomes were favorable short term, but the study did not provide 
long-tcrm follow-up. 

Baltand et al. (17) reported retrospective clinical observations of 14 adults with HSP and 
renal disease. Histologic cticzracteristics were noted from seven renal biopsies. A triad o f  non- 
thrombocytopenic purpwa, joint pain, and renal abnormalities were the inclusion criteria. Of 
these palicnts, ages 29-89 years, 4 of 14 died. Although these four patients shared common ele- 
ments of g~omeru~dr i n v o l v ~ ~ e n t  and intersti~al i n f i l t ~ t i ~ ~ ,  the lesions varied from r n e s ~ g i ~  
hypercell~larity to crescent for~at ion (two of four biopsies). Long-term follow-up was not avail- 
able on surviving patients. The authors concluded that glomerular crescent formation correlated 
with fatal outcome. 

Using more stringent inclusion criteria that included a minimum of a 12-month follow-up 
period, FogazLi ct al. (18) studied long-term outcome in adult HSP. All 16 pticnts fulfilled well- 
defined classi~cation criteria ~ n c l u ~ n g  age >I5 yeas, purpura, renal disease, and ~ l o ~ e r u l ~  IgA 
deposition on immuno~uorescence studies of renal biopsies. After a mean follow-up of 90.5 
months, 3 of 16 patients required chronic dialysis while 50% had renal dysfunction. Although no 
clinical features predicted renal disease, high IgA levels correlated with a favorable clinical 
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course. The investigators concluded that adult HSP nephritis carries a high long-term risk of renal 
dysfunction. 

In an effort to underscore and define the differences between h y p e ~ e n s i t ~ v ~ ~ y  vascufitis 
(IN) and HSP, Michel et al. ( I  9) generated a subanalysis of the ACR Vasculitis Subcommittee 
data on HV and HSP and observed differences in cohorts of patients either younger than or older 
than 20 ycars. The age cutoff was based on its ability Cr ,  d~s~inguish between HV and ESP as de- 
lineated by the subcoin~ittee~s findings; the pop~ilation was defined by 60 “children” and 25 
adults, Although the data were not collected to evaluate the difference between children and 
adults, this study analysis notes adults were statistically more likely to have mclena, hematuria, 
irnpairment in renal function, cutaneous ulceration, and prior medication use. In HV, renal dys- 
function (blood urea nitrogen S O  or creatiniue >I  .5 nig/dLj occurred in 28% of all patients, com- 
pared with 1 1  % of all patients with HSP, suggesting a possible bias due to age and related co- 
morbidities, such as hypeitension. The study criteria, however, have been criticized for the 
age-depende~t criterion, which makes it difficult to define an adult with NSP and,  therefor^, a 
child with HV. The study may have selected more severely affected adults for a diagnosis of HSR, 
and less severely affected children for HV (20). 

In a retrospective analysis of 57 French patients diagnosed with HSP whose ages were 
greater than 15 years, the prognosis did not seem worse for adults. ~ancrede-~ohi~i  et al. (21) de- 
fined the population by the presence of purpura and skin biopsies that revealed IgA deposition in 
dermal vessel walls. They noted no diffcrence in the age distribution of the 51% of the patients 
without heniaturia Orpro~e~nLiria; 23% (13 of 57 j had IgA-associated g l o ~ e ~ l o n e p h r ~ t i s  on biopsy 
and 26% had minor abnormalities or no a b n o ~ a ~ i t i e s  in renal function or on biopsy. Furthermore, 
of the 25 patients with a mean follow-up of 19 months, a minority had recurrent symptoms and 
only 2 of the 13 patients with GN went on to develop progressive renal failure. Within the adult 
group, purpura above the waist, pyrexia, elevated acute p h s e  reactmts, and an~ecedeiit upper res- 
piratory infection were statisticalfy significantly associated with IgA glomeru~onephritis. 

The only investigation to compare adults and children was retrospective and included 46 
Spanish adults and 116 children. Rlanco et al. (22) defined “children” as less than 20 years old. 
This study spec~ficaIly sought to de te r~ ine  if age at onset altered clinical presentation and course 
and used the criteria as defined by Michel et ai. Adults showed a higher frequency of mclena, 
renal disease, and joint symptoms, and lower frequency of fever. Eighty-five percent of the adults 
developed nephropathy vs. 25% of children; renal insufficiency developed in 13% of the adults 
but none ofthe children. Relapse rates were essentially the same for adults and children (36% and 
42.6%, respectively) with both groups having a relatively good outcome. Follow-up was an aver- 
age of 1.5-2 years. 

The currently available data regarding the differences between adults and children with 
HSP are not compelling. Although there is some suggestion of more morbidity with regard to 
renal disease, HSP appears to remain largely a self-limiting, reversible disease entity. Severity of 
extrarenal disease also does not seem to correlate with either age or presence of renal disease. Fur- 
ther milticenter stiidies are needed to best define any meaningfu~ differences between adults and 
children with HSP. 

Ill. L A ~ ~ R A ~ ~ R ~  FEATURES AND INVESTI~ATIONS 

The diagnosis of HSP is based on clinical signs and symptoms. Skin biopsy, if obtained, shows 
~eukocytoclastic vasculitis with neut~ophils and ~eut roph~l  debris within and around vessel walls, 
necrosis of vessel walls, and deposits of pink amorphous fibrin within and around the small-vcs- 
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Figure 3 Skin section obtained from a 5-year-old girl with purpura reveals a neutrophiflic vasculitis in- 
volving small dermal vessels. The infiltrate is primarily localized to the tipper dcrrnis. (H & E stain, 4Ox.j 
(Courtcsy of Dr. Glenn Billman.) 

sel walls (Figs. 3 and 4). I i ~ u n o ~ u o r e s c e n ~ e  studies may show IgA and C3 along the small ves- 
sels of the skin and in the renal glomeruli. Routine laboratory studies are usually normal and ak- 
normalilies reflect particular organ involvement or bleeding. There are no diagnostic studies, al- 
though an elevated serum level of IgA, in the ~ppr(~priate clinical setting, is suggestive of HSP. 
Laboratory evaluation is aimed at excluding other disorders and assessing the extcnt of organ in- 
volvcment. 

An cntity known as acute hemorrhagic edema (AHE) of childhood has been described ahnost ex- 
clusively in the ~~ i ropean  litcralure. It is said to affect children under 24 months of age and may 
or may not represent HSP in infants (23). The manifestations of AHE are edema and ecchymotic, 
target-like purpura on the linibs and face. Mosl patients have a history of either a recent illness, 
drug exposure, or immunizations. Systemic syniptorns, such as bloody stools or renal involve- 
ment, seem to occur less frequently in AElE than HSP, although these symptoms are also uncom- 
inon in infants and toddlers thought to have HSP. Spontaneous and complete resolution occurs 
within 1-3 weeks, but 1-3 recurrences are frequent. Leukocytoclastic vasculitis is seen when a 
skin biopsy is obtained. It i s  not known whether ANE is an IgA-related vasculitis. 

Recently, a subcommittee of the Ame~can College of R h e u i ~ a t o l ~ ~ y  defined criteria for the 
cation of several forms of vasculitis in adults, including hypersensitivity vasculitis (Table 

4) and HSP (Table 5 )  (24). Because the two entities share many c~~icopathological features and 
HSP i s  often considered a type of HV, Michel et at. [ 19) compared the chwactcristics of HV and 
IISP as separate and definable clinical syndromes, using the ACR study database. Both disorders 
share the c o n ~ m ~ n  feature of l~ukoc~toelastic vascufitis of small vessels with ~ r o ~ i ~ i e n ~  skixi in- 
volvement. Major differences with respect to frequency and type of organ involvement were 
found, suggesting that indeed these are distinct entities that carry different prognoses. Although 
hematuria and proteinuria were more often seen in HSP, elevated blood urea nitrogen and creati- 
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Figure 4 Same sample of dermal biopsy as in Figure 3 demonstrateb a penvascular neutrophilic infiltrate 
with nuclear f r a ~ n e n ~ a ~ o n .  G n ~ o ~ ~ e l ~ a ~  cell swelling, and de~osition of fibrin within and a r w d  the vessel 
wall representing an eosinophilic fibrinoid change. (H & E stain, 250x.) (Courtesy of Dr. Glcnn Billman.) 

Table 4 

Criterion Definition 

Age at disease onset >I6 years 
Medication at disease onset 

Patpabfe purpura 

I990 Criteria for Classification of Hypersensitivity Vasculitis" 

Development of symptonis after age 16 
Medication was l t e n  at the onset 01 symptoms that may have 

been a precipitating factor 
Slightly clevsted purpuric rash over one or more areas of the 

skin; does not blanch with pressure and is not related to 
thmm bocytopenia 

the skin 

extra vascular location 

~ a ~ u l o p ~ p L i ~ a r  rash 

Biopsy including arteriole and venule 

Flat and raised lesions of various sires over one or more areas of 

Histological changes showing granulocytes in a perivasciilar or 

'For purposes of cfasc;ification, a patlent shall be said to have hypersen.;itivity vasculitis if  at least three of the bve cntc- 

Source: Ref. 24. 
ria are present. Thc presence of any thrce or more criteria yields a wnitivity of 71% and a 5pecificity ol' 83.9%. 
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Table 5 Criteria Tor Differentiating HSP from Hypersensitivity Vasculitis 

Criterion Definition 

Palpable purpara 

Bowel angina 

GI bleeding 

Hcmaturia 
Age at onset <20 
No niedications 

Slightly elevated purpunc rash over one or more areas of the 5kin not related to 

Diffusc abdominal pain worse after nieals or bowel ischeniia usually including 

GI bleeding, including melena, hematocf~ezia, or positive test for occult blood in 

Gross hemilluria or microhematuria (>l/hpf) 
Development of first s y ~ ~ ~ o m s  at age 20 or less 
Absence of any medication at onset of disease chat may have been a precipita~in~ 

thrombocytopenia 

bloody diarrhea 

the stool 

factor 

The presencc of any thrw or more of the six crrtcrin yields a correct clarsificalrrm of WSP eases of 87.1%. The pwsencc 
of two or fewer criteria yields a corrcct e I ~ s s i f i ~ ~ t i ~ n  of HV cases ti2 74.2%. 
&>14tTE?: Ref. 24. 

nine as factors reflecting functional renal impair in en^ (and tikely to reflect worse prognosis) were 
s ~ g n i ~ c a n l l ~  more frequent in HV. General1 y, impor~nt  organ involvement was found more often 
in HV (pleuritis, pericarditis, congestive heart failure, and more extensive involvement of skin, 
mucosa, and muscle). Similarly, tests that classically reveal active inflammatory processes, i.e., 
erythrocyte sed~menta~on rate (ESR) and C4 levels, were more frequently abnormal in patients 
with HV than those with HSP. Fr&ank arthritis was signi~cantly more common in HSP whereas 
arthralgia was reported more frequently in Kv. In adults, HSP tended to affect organs more ex- 
tensively and the prognosis appeared to be worse with regard to renal disease when conipwed 
with children and adolescents with ESP. In s u m m ~ ,  this study corroborates the concept that HV 
and HSP are distinct clinical disorders within the broader group of small-vessel vasculitis with 
prominent skin involvement. 

Treatment of HSP is largely supportive and includes adequate hydration and monitoring of vital 
signs. Nonsteroi~al a n t i i n ~ a m ~ a ~ ~ r ~ ?  drugs (NSAIDs) help with joint pain and do not worsen the 
purpurn. Howcver, it is prudent to avoid NSAIDs in the setting of renal insufficiency. Steroids 
are helpful in the management of painful edema but there is no absolute requirement for such 
treatment. 

A. ~ ~ e ~ f m e n f  of ~ ~ ~ o m i n a l  Pain 

In a retrospective analysis, Rosenblum and Winter (25) evaluated thc e€fect of corticosteroids on 
the duration of abdo~ninal pain in 43 children with HSP and a b d o ~ n a l  pain. TWenty-five patients 
received oral prednisone at a dose of 2 mg/kg/day and 18 children served as controls. Results 
showed that during the first 24 h, abdominal pain resolved in 44% of childrcn who received 
steroids compared with spontaneous resolution in only 14% of children who were not treated. 
Over thc next 24 h, 65 vs. 45941~ respectively~ no longer had abdominal pain. After 72 h, 75% of 
patients in both groups were well. i t  is this experience that has influenced many physicians to treat 
abdominal pain with corticosteroids. In addition, similar observations by Allen et al. (4) included 
the finding that painful edema and arthritis resolved either with or without steroids within 24-48 



h after onset and that steroids had no effect on either purpura or renal disease. Of note, none of 
the patients with abdominal pain who received steroids developed intussusception. 

To further address this issue, Clasier et al. (26) dcsigned another retrospective study of 22 
children admitted to the hospital with abdominal pain. Their findings agreed with ~ o s e n b l i ~ ~ n  and 
Winter (25) and Allen et al. (4); 20 of 22 (91%) children recovered with or without steroids (26). 
Multiple case reports suggest improvement of abdominal pain, melena, and massive hemorrhage 
with the use of steroids. This is supported by many physicians who have “successfully” treated 
children with steroids who were hospitalized for a ~ d ~ ~ j n a ~  pain. However, to date. no placebo- 
controlled study has been done and we are left with experience and reason, but iiot definitive 
proofi to support recommendations to treat with steroids. 

Buchanec et al. (27) reported the results of a retrospective study of 32 children with HSP and no 
evidence of renal involvement. Twenty-three patients reccived corticosteroids (prednisone 2 
mg/kg/day) and t 0 did not. Of the treated children, only 1 (5%) developed nephritis, while in the 
untrcatcd group, 5 patients (50%) d e v e l o ~ d  renal ma~fes ta~ons .  These authors concluded that 
immediate treatment with steroids prevented renal disease. Moltica et at. (B),  cmployed a mod- 
ified prospective, open, rronrandomised design to study 84 children who received corticosteroids 
and 84 children did not. The results over 2 years of follow-up showed no rend involvement in any 
of the treated children, while in the noninter~ention group, 10 children developed bematuria (p < 
0.001) and of those, four still had hematuria 12 months later and two developed renal insuffi- 
ciency 18 months after onset. This study was immediately followed by retrospective observations 
ol‘ Saulsbury (29) who had treated 20 children without renal disease with steroids and did not treat 
30 children without renal disease, In both groups, there was a 20% frequency of subsequent renal 
~nvolvement within 3 nion~hs of initial presentation, suggesting that pretreatnie~t with steroids 
did no[ present the onset of delayed nephritis in children with HSP. 

The seemingly confusing results regarding prevention of delayed onset of renal disease are 
difficult to interpret. One explanation may bc an inhcrent flaw in the design of each study; none 
of the studies wcre p~acebo-c#ntro~~ed or r a ~ ~ d ~ n ~ i z e ~ .  and two of three were retrospective obser- 
vations. There were also inconsistencies regarding the timing of corticosteroid a d ~ i ~ s ~ r a t i o n  
among the studies, further contributing to difficulty in interpreting the results. 

The controversy regarding management of IfSP nephritis is centered primarily on children whose 
disease i s  associated with a high risk for renal insufficiency and/or failure. For the majority of 
children with HSPi renal involvement is transienl, but for the I-5% who develop chronic renal 
disease and up to 1% who niay go on to renal failure, ~ianagement that would predictably prevent 
this scquela i s  uncertain. 

To examine which patients are at highest risk, the study of Allen et ai. (4) provides multi- 
ple insights. Forly children had no renal findings, 24 presented with hemdturia only, and 10 had 
he~iatur~a and proteinuria. One year later, 80% of the children who had no renal insolveineii~ at 
onset and 7 1 % of mildly affected children remained well. In contrast, only 40% of those who pre- 
sented with severe involvement were free of renal findings. 111 a similar study by Niaudet et al. 
(71, none of the children with mild initial renal findings (hernaturia only or proteinuria 4 L g/day) 
developed renal disease more than 1 year later. However, of the patients who presented with ei- 
ther nephrotic syndro~ne, renal insu~c~ency ,  andfor renal failure, a signi~caIit niimber went on to 
chronic renal failure (Tablc 6). The same authors then correlated biopsy findings with clinical 



Table 6 Correlations Between Initial Clinical ~ ~ f e s t a ~ i o I ~ s  and Rcnal Outconie in WSP After One 
Year of F~IIow-L'~' 

C1 inical 
N remission 

Minimal urinary 
abnormalities 

Persistent 
nep~opathy  

Renal 
failure 

Hematuria 2 2 
~ o ~ ~ ~ n ~ n a  (<I g/d) 16 7 
Proteinuria (>l g/d) 42 17 
Nephrotic syndrome 64 32 
Nephfotic syndrome and renal failure _22 __ 8 
Total 15 1 66 

0 
6 

1 0  
14 
- 2 
32 

0 
3 
9 

10 
2 

24 

0 
0 
6 
8 
Is 
29 

'Only children whose initial retiat biopsy results were available were tncludcd. 
Source: Ref. 7 

Tabfe 7 Correlations Between Initial Renal Biopsy Results and Renal Outcome in HSP After One Year 
of FdloW-Up" 

Biopsy finding 

Mesangiopathic GN 
Focal segmental GN 
~ o ~ i f ~ r a ~ i v ~  e n d o ~ ~ p i ~ l ~ ~  GN 
Endocapiflay and extracapillary GN 

-- 

crescents 4 0 %  
crescents >50% 

Total 

Clinical Minimal urinary Persistent Renal 
N remission abnormalities nephropathy failure 

2 2 0 0 0 
47 26 15 4 2 
13 8 3 I 1 

21 11 3 6 1 
B - 19 __ f l  - 13 __ 25 
151 66 32 24 29 

children whose initial rcnal biopsy results were avaitahle are included. 
Source: Ref. 7 .  

renal manifestations and reporred significant association of proliferative gfomerulonephritis with 
>50% crescents with the development of future renal failure (Table 7). 

In s u t ~ a r y ,  the presence of hematuria with nephrotic-ran&e proteinuria confers a 15% risk 
of renal. failure, while nephrosis with renal insufficiency and documentation of >50% crescentic 
~ ~ o m c r u ~ ~ ~ n e p ~ i t ~ s  may lead to renal failure in up to 50% of patients with renal HSP after a 10- 
year course. Aggressive treatment should thcrefore be attempted to prevent late sequelae. Chil- 
dren with nephrotic-range proteinuria, nephrotic syndrome, and signs of renal insufficiency 
should undergo renal biopsy to determine the extent of renal involveme~t. 

D. ~ r @ ~ t ~ @ n t  of Severe Nephritis 

Multiple studies have recommended various treatment modalities for patients with severe renal 
involvement, including pulse or ora1 eorticostero~ds alone or in c o ~ ~ i n a t i o n  with cytotoxic or 
other immunosuppressive agents, such as azathioprine, cyclophosphainide, or cyclosporine; plas- 
mapheresis, high-dose IV IgC, danazol, and fish oil (Table 8) (28-34). The studics suffer from 
small numb~rs of subjects, retrospectjve analysis of data, and tack of ~ l ~ ~ e b o - ~ o n t r ~ l i e d  groups. 
In addition, renal biopsy findings are inconsistently available, and interventions are given at dif- 
ferent times in the course of the illness. It is therefore difficult to draw meaningful conclusions 
from these reports. Nonetheless, a recent uncontrolled study suggests that the natural history of 
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Table 8 Renal Outcome in IISP: Conclusions from Literature Review 

Author (Ref.) Source Conclusion (shidy design) 

Levy et al. (30) 
Counahan et al. (31) 

Mollica et al. (28) 

Saulsbury (29) 

Rostoker et al. (32) 

Oner et al. (33) 

Rostoker et al. (34) 

Adv Nephrol6:183, 1976 
BMJ 2:11, 1977 

Em J Pediatr 15 1 : 140, 1992 

Pediatr Nephrol7:69. 1993 

Ann Intern Med 120476, 
1994 

Pediatr Nephrol9:6, 1995 

Ncphron 69:327, 1995 

Improved with steroids (pilot). 
No improvement with steroids (retrospective 

anaIysis). 
Steroids prevent delayed renal disease (open, 

nonrandomized, controlled, prospective 
trial). 

Steroids do not prevent delayed renal disease 
(retrospective analysis). 

High-dose lgG stabilizes poor renal function 
in HSP/lgA nephropathy (open prospectivc 
cohort study). 

Triple therapy may be effective in severe HSP 
nephritis (see text, pilot). 

Low-dose IgG slows progression of renal dis- 
ease (open, uncontrolled, prospeclive trial). 

severe HSP nephritis may be changed favorably. Oner et a]. (33) treated 12 children with HSP and 
biopsy-proven rapidly progressive crescentic glomerulonephritis with a combination of inethyl- 
prednisolone at 30 mglkglday for three consecutive days, followed by oral corlicostcsoids at 2 
mglkglday, cyclophosphamide at 2 mgkglday for 2 months and dipyridarnole at 5 mglkglday for 
6 months (33). At the 3-month evaluation, glornemlar filtration sate (GFR) normalized in 1 1  of 
12, nephrosis resolved in 8 of 12, and hematuria was no longer detectablc in 9 of 12 children. Fur- 
thermore, at 30 months after treatmcnt, only one patient had persistent nephrotic syndrome and 
one child developed renal failure. 

VI. PATHOGENESIS 

I-Ienoch-Schonlein purpura is thought to be an immune complex-mediated small-vessel vasculi- 
tis. Serological studies document elevated levels of IgA in 50% and activation of the alternate 
pathway of the complement system. IgA levels become eievated either because of increased pro- 
duction or decreased clearance. It is hypothesized that an unknown antigen(s) stimulates IgA pro- 
duction, activating pathways leading to vasculitis. Levels of C3 and C4 complement components 
are normal. Histopathology of the slun and other affected organs reveals polymorphonuclear cells 
in the vessel wall, with IgA, C3, and immune complcxes seen in venules, arterioles, and capil- 
laries (4). 

In HSP, complement-fixing immune complexes (ICs) are present in the circulation and de- 
posited on the interior of blood vessels of the skin. Immune complexes are capable of activating 
complement, leading to the formation of chemotactic factors such as C5a, which in turn recruit 
polyiiiorphoiiuclear neutrophil (PMN) Icukocytes at the site of deposition. Release of lysosoinal 
enzymes follows ingestion of immune complexes by PMNs resulting in vessel damage. The C5b- 
9 complex, also known as membrane attack complex (MAC) was recently colocalized with IgA 
and C3 on vessel walls of the skin and on capillary walls and mesangium of glorneruli of patients 
with HSP-related nephritis. Kawana and Nishiyama (35) assessed the degree of in vivo terminal 
pathway activation through the measurement of serum concentrations of the terminal coinple- 
ment complex (TCC). The results show that vascular endothelial cells in each MAC-positive caw 
were injured even in papillary dermal vessels in which no PMNs could be detected but C5b-9 
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Figure 18.1 Gianr cell (temporal) arteritis. (a) Symmctric mucoid intirnal proliferation with near-total 
occlusion of lumen. (b j  Epithelioid histiocytes and inultinucleated giant cells at intiina-media junction. (c) 
Lawson's elastic--van Gicson stain highlights pllrtial inflammatory destruction of internal elastic lamina. 



Figure 18.1 0 Churg-Strrxuss syndrome. (a) Open-lung hiopsy showing vasculilis and interstitial inflam- 
mation. (b) High-power detail demonstrating eosinophil-rich granulomatous vasculitis. 



Figure 18.1 1 Wegener’s grunulonzatosis. (a) Open-lung biopsy showing extciisivc coagulative necrosis. 
(b) High-power detail demonstrating basophilic necrosis bordered by inultinucleated giant cells. (c) 
Fihrinoid necrosis in interstitial renal vessel (arcuate artery). 



Figure 18.1 2 klicroscopic polyangiitis. (a) Opcn-lung biopsy dcrnonstrating disteiidcd and engorged 
alveolar capillaries with predominantly polyniorphonuclear mural intiltrates. (b) Renal glomeruln~ demon- 
strating capillary compression, necrosis, and cellular crescent (Masson trichrome stain). 



Figure 18.1 4 Eirnoch-Scl?iinleiri purpura. (a) Leukocytoclastic vam.dilis in and around dermal vessel. 
(b) Diffuse proliferative glomenilonephritis without necrosis (periodic acid-Scliiff rcaction). (c) 
Iinmunoglobulin-A deposits in glomerular mesangium (direct immunofluorescence). 



Figure 21.2 Periungual dcsquamation i s  a fcature o i  the convalescent stage of disease and may involve 
the palms and $ole$. 

Figure 21.3 A polymorphous rash occurs early in patient5 with Kawssuh diseasc and ofteii appears as 
nonpruritic, erythematou5 plaqucs. 



Figure 21.4 Pciineal erythema and desquamatioii i s  a common finding in Kawasaki discase. 
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deposition was seen. This suggests that not only leukocytes but also MAC are necessary for en- 
dothelial cells to incur damage. Using the CSb-9 en7yme immunoassay, the serum concentration 
of C5b-9 was shown to be significantly increased in most HSP patients. Coniplement activation 
leading to terniinal complement sequence is thus shown to occur in the circulalion as well as the 
skin of patients with HSP. Immune complexes may contribute to terminal complement activation. 
Terminal complement complex increased significantly a1 the time of diseasc flare-up but dropped 
lo the normal range during remission and showcd close correlation with disease activity. The au- 
thors conclude that the assay for TCC should prove useful in monitoring the activity of HSP. Rou- 
tine assessment of complement activation, i.e., C3, C4, and CH50, showed no abnormality. How- 
ever, the measurement of plasma anaphyiatoxins C3a and C4a in 46 patients with HSP and IgA 
nephropathy showed significant correlation with plasma creatinine and urea levels (36). In addi- 
tion, a positive correlation between C3a and creatinine was reported. These observations suggest 
a rolc for anaphylatoxin determination as a sensitive indicator of complement activation and a 
useful tool in monitoring the activily of disease in affected patients. Similar to this study, a group 
of investigators from Heidelberg, Germany (37), investigated Lhc possibility that the local in- 
flammatory and thrombotic process may be regulated by increased biosynthc 
prosvanoids, including thromboxane A2 (TxA2), a potent vasoconstrictor and platelet agonist, 
prostacyclin, a vasodilator and plalelet anlagonist, and Prostaglandin E2, a mediator of inflam- 
mation. The results of their study of 14 children with HSP revealed that both thromboxane A2 and 
prostacyclin were significantly increased during the acute phase of the disease and again during 
subsequent recurrences of HSP. Of note, both patients with nephrotic syndrome had the highest 
concentrations of renal thromboxane A2. The enhanced TxA2 formation is consistent with pha- 
sic platclct activation in HSP. The increased prostacyclin biosynthesis likely reflects endothelial 
cell damage and may be a response of the vascular cndotliclium to modulate platelet-vessel wall 
and leukocyte-vessel wall interactions. 

There have been several reports suggesting that the dcficiency of C4 complement andlor 
deletion of C4 genes represent genetic risk factors in both IgA nephropathy and HSP-associated 
nephritis. In particular, the C4B isotype deficiency has been reported in these patients. To further 
clarify thc genelic structure of deleted C4 genes, Jin et al. (38) investigated the DUB and DRB 
genes, which are located near the C4 loci, to identify a possible linkage and to find the associated 
allele. The results show that locus I1 deletion of C4 was the risk factor for these diseases in this 
group of Japanese patients and that the deleted gene can be either C4A or C4B. The authors found 
neither specific isotype nor specific allotypc deficiency suggesting that it is the C4 deletion per se 
that renders the paticnt susceptible to nephritis. 

The role of cytokine regulation in the pathogenesis of various types of glomerulonephritis 
has been widely reported. The role of interleukin-6 (IL-6) in inmune complex-induced mesan- 
gial proliferative GN in both IgA nephropathy and systemic lupus erythematosus (SLE) has been 
documented, and urinary excretion of IL-6 as an index of the disease activity has been empha- 
sized, especially in IgA nephropathy. The study of Wu et al. (39) demonstrates a similar finding, 
namely increased excretion of IL-6 in children with HSP. However, these authors also found L- 
6 in other types of nephropathies and in normal individuals and suggested that K-6 excretion is 
related lo inflammation and is not a marker for specific glomerulonephropathies. This study also 
identified tumor necrosis factor-a (TNF-a) and IL-lp in urine of patients with IgA nephropathy. 
Sitice these cytokines were not simultaneously detected in the serum, the authors postulated that 
they were locally produced by the inflamed glomeruli and excreted in the urine, and that conccn- 
trations of urinary TNF-a and IL-lp may be used as markers of active nephritis. 

That serum levels of IgA are elevated in children with HSP is well known. To investigate 
the mechanism(s) leading to this finding, Kondo et al. (40) studied 12 children with HSP. Serum 
IgA levels were significantly elevated within 2 weeks (5-14 days) after onset while serum levels 
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of both IgG and IgM were normal. Although the percentage of surface IgA-bearing I3 cells is not 
increased, the numbers of IgA-secreting cells significantly increased within 2 weeks of onset. 
These data provide strong evidence for a selective triggering of IgA-secreting cells that appears 
to correlate with disease activity. Ault et al. (41) reported a significant association of C4B defi- 
ciency in patients with HSP-related glomerulonephritis ( 19% of children with glornerulonephritis 
had C4B deficiency vs. 3% of controls). Because the complement system plays a crucial role in 
the solubilization and clearance of immune complcxes, deficiency of C4B complement compo- 
nent may predispose to renal disease. Using radial immunodifision and enzyme-linked im- 
inunoabsorbent assay (ELISA), Saulsbury (42) investigated the heavy and light chain composi- 
tion of serum IgA and IgA-rheumatoid factors in 34 children with HSP. As expected, serum IgA 
concentrations were elevated. The predominant subclass was IgAl , while levels of IgA2 re- 
mained normal. The majority of the patients (19 of 34) had circulating rheumatoid factors com- 
posed primarily of IgAl. There were no IgG or IgM rheumatoid factors. Determination of the 
light chain composition of seiuni IgA I was similar in both patients and controls. However, the 
IgAl rheumatoid factors were enriched in K light chains. The predominance of IgAl is not sur- 
prising since 80-9095 of serum IgA is the IgAl subclass. Similar findings were reported in pa- 
tients with IgA nephropathy, anderscoring the simjlari ty between the disorders. 

During the last several years, there has been a profusion of articles characterizing the spec- 
trum of antincutrophil cytoplasmic antibodies (ANCAs) associated with systemic vasculitis syn- 
dromes and a variety of inflammatory disorders. It is now apparent that ANCAs are a family of 
related but distinct autoantibodies. The putative role for ANCAs in the pathogenesis of both HSP 
and IgA nephropathy was suggested by one group of investigators who detected IgA ANCAs 
in 5.5% of patients with HSP and 1.5% of patients with Bergcr’s nephropathy (43). However, in a 
study by O’Donoghue el al. (44), this finding was not confirmed. Indeed, of the 30 children with 
eariy HSP, none had ANCAs. Similarly, of the 100 adult patients with IgA nephropathy, only two 
were found to have ANCAs. Both of these patients had IgG antimycloperoxidase antibodies 
(pANCA) and even though both had persistent microscopic hematuria with slowly progressive 
renal failure, neither had glomerular crescents nor focal necrosis, which are classically associated 
with pANCA. It appears, therefore, that IgA ANCAs are not involved in the pathogenesis of HSP 
or in the pathogenesis of glomcrular injury in IgA nephropathy, even in patients who dcvelop rap- 
idly progressive renal insufficiency. The detection of IgG antimyeloperoxidase antibodies in a 
small minority of patients raised the possibility that a small subset of IgA-related renal disorders 
shares the irnmunopathogenic mechanisms with other systemic vasculitides classically associated 
with ANCAs, O’Donaghue et al. further studied the relationship of specific IgG autoantibodies 
directed against glomerular antigens in the serum of patients with active HSP. Sixty-one percent 
of children with HSP complicated by nephritis had IgC antiglomerular antibodies compared with 
one-sixth of children without overt renal involvement (4.5). The fincling that IgG antibodies were 
not detected during remission or in patients without renal manifestations further supports the hy- 

that IgG antibodies may play a direct role in renal injury. 

VII. S ~ ~ M A R Y  

Henoch-Schonlein purpma is the most common vasculitis syndrome of childhood. It i s  generally 
a benign disorder that follows an intercurrent illness, usually of the upper respiratory tract. Most 
children have a self-limited course and serious systemic disease and sequelae are infrequent. It is 
characterized by a spectrum of clinical findings, including purpuric rash, partjcularly over dc- 
pendent areas of buttocks and lower extremities, arthritis affecting primarily the large joints, ab- 
dominal cramping with bloody stools, and microscopic andlor gross hematuria. The spectrum of 
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the clinical expression of HSP may vary from only minimal petechial rash to severe gastroin- 
testinal, renal, neurological, pulmonary, and joint disease. 

The currently available data regarding the important differences in disease outcome be- 
tween adults and children with HSP is not compelling. Although there is some suggestion of 
greater renal morbidity in adults, HSP appears to remain largely a self-limiting, reversible disease 
entity for patients of all ages. Severity of extrarenal disease also does not seem to correlate with 
either age or renal disease. Further large multicenter studies are needed to better define signifi- 
cant differences between HSP in adults and children. 

REFERENCES 

1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1 I. 

12. 

13. 
14. 

15. 

16. 
17. 

18. 

19. 

20. 

21. 

22. 

Rohson WLM, Leung AKC. Henoch-Schonlein purpura. Adv Pediatr 1994; 41: 163-194. 
Szer IS. Henoch-Schonlein purpura. Current Science. Cum Opin Rheumatol 1994; 6:25-3 1. 
Chaussain M, Ue Boissieu D, Kalifa G, Epelbaum S, Niaudet P, Badoual J, Gendrel D. Impairment of 
lung diffusion capacity in HSP. J Pediats 1992; 121:12-16. 
Allen DM, Diamond LK, Howell DA. Anaphylactoid purpura in children (Henoch-Schiinlein syn- 
drome). Am J Dis Child 1960; 99:147--168. 
Kato S, Shibuya H, Neganuma H, Nekagawa H. Gastrointestinal endoscopy in Henoch-Schonlein pur- 
pura. Eur J Pediatr 1992; 151:482-484. 
Couture A, Veyrac C, Baud C, Galifer RB, Armelin I. Evaluation of abdominal pain in Heiioch-Schon- 
lein syndrome by high frequency ultrasound. Pediatr Radio1 1992; 22: 12-17. 
Niaudet P, Murcia I, Beaufils H, Broyer M ,  Habib R. Primary IgA nephropathies in children: Progno- 
sis and treatment. Adv Nephrol 1993; 2:121-140. 
Nakamoto Y, et al. Primary IgA glomerulonephritis and Schonlein-Hcnoch purpura nephritis: Clinico- 
pathological and imm~ino-histochemical characteristics. Q J Med 1978; 47:495-5 16. 
Chamberlain RS, Greenberg LW. Scrota1 involvement in Henoch-Schonlein purpure: A case report and 
review of the literature. Pcdiatr Ernerg Care 1992; 8:213-215. 
Singer JI, Kissoon N. Gloor J .  Acute testicular pain: Henoch-Schonlein piupura versus testicular tor- 
sion. Pediatr Einerg Care 1992; 8:51-53. 
Belnian AL, Eicher CR, Moshe SL, MeLey Ap. Neurologic manifestations of Schijnlein-Henoch pur- 
pura: Rcport of three cases and review of the literature. Pediatrics 1985; 75:687-692. 
Olson .IC, Kelly KJ, Pan CG, Wortmann DW, Pulmonary disease with hemorrhage in Henoch-Schiin- 
lein purpura. Pediatrics 1992; 89:1177-1 181. 
Bei-nhardt JP. La nephropathie du syndrornc de Schiinleiii-Henoch chez I’adulte. Praxis 1968; 3:70-87. 
Cream JJ, Gumpel JM, Peachey RUG et al. Schonlein-Henoch purpura in the adult. Q J Med 1970; 
39461472. 
Bw-On H, Roscnmann E. SchSulein-Henoch syndrome in adults. Israel J Med 1972; 10(8):1702- 
1715. 
Roth DA, Wilz DR, Theil GR. Schiinlein-Henoch syndrome in adults. Q J Med 1985; 55:145-152. 
Ballad HS, Eisisinger RP, Gallo G .  Renal manifestations of the Henoch-Schonlein syndrome in adults. 
Am J Medicine 1970; 49:328-335. 
Fogazzi GB, Pasquali S, Moriggi M, et al. Long-term outcome of Schonlein-Henoch nephritis in the 
adult. Clin Nephrol 1989; 3 1(2):60-66. 
Michel BA, Hunder GG, Rloch DA and Calabrese LH. Hypersensitivity vasculitis and Henoch-Schon- 
lein purpura: A comparison between the twv disorders. J Rhenmatol 1992; 19721-728. 
Rodriguez-Valverde V, Blanco R, Martinez-Taboada VM. Henoch-SchSnlein purpura in adulthood and 
childhood [letter]. Arthritis Rheum 1997: 15 18-1519. 
Tancrede-Bohin E. Ochinisky S, Vignon-Pennamen MD, et al. Schonlein-Henoch purpura in adult pa- 
tients. Predictive factors for IgA glomemlonephritis in a retrospective study of 57 Cases. Arch Der- 
matol 1997; 133:438-442. 
Blaiico R, Martincz-Taboada VM, RodrigueL-Valverde V et al. Henoch-Schonlein purpura in adults 
and childhood. Arthritis Rheum 1997; 40:859-864. 



Henoch-Schonlein Purpura 337 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

Ince E, Municu Y, Suskan E, Yalcinkaya F, Tumer N, Cin SC. Infantile acute hemorrhagic edema: A 
vaixtnt of leucocytoclastrc vasculitis. Pediatr Dennatol 1995; 12(31:224-227. 
Calabiese T J J ,  Michel BA, Bloch DA. Arend WP, Edworthy SM, Fauci AS, Fries JF, Hundcr GG, 
Lcavitt RY, Lie JT, et al. The ACR 1990 criteria for the classification of hypersensitivity vasculitis. 
Arthritis Rheum 1990; 33: 1 108-1 1 13. 
Rosenblurn NU, Winter HS. Stcroid effects on the course of abdominal pain in children with HSP. Pe- 
diatr 1987; 79:lOlX-1021. 
Glasier CM, Siege1 MJ. McAlister WH, et al. Henoch-Schonlein syndrome in children: Gastrointesti- 
nal manifestations. hi J Khcumatol 1981, 136:1OX1-1085. 
Buchanec J, Galanda V, Belakova S, Minarik M, Zibolen M. Incidence of renal complications in 
Schonlein-Hcnoch purpura syndrome in dependence of early administration of steroids. lilt J Nephrol 
1988; 20:409-412. 
Mollica F, Li Volli S, Garozzo R, Ihsso G. Effectiveness of early prednisone treatment in preventing 
the development of nephropathy in  anaphylactoid purpura. Eur J Peckti 1982; 15 1 :140-144. 
Saulsbury M: Corticosteroid therapy does not prevent nephritis in Henoch-Schonlein purpura. Pediatr 
Nephrol 1993; 7:69-71. 
Levy M, Broyer M, Arsan A, et al. Aiiaphylactoid purpura nephritis in childhood: Natural history and 
iniiiiunopathology, Adv Nephrol 1 976; 6: I83 -1 89. 
Counahan R, Winterborn MH, White RHR, et al. Prognosis of Henoch-Schonlein nephritis in children. 
Rr Med J 1977; 2:l 1-14. 
Rostoker G, Desvaux-Belghiti D, Yilatte Y, et al. High-dose immunoglobulin therapy for severe JgA 
nephropathy and Hcnoch-Schiinlein purpura. Anti Intern Med 1994; 120:476484. 
<her  A, Tinaztcpe K, Erdogan 0. The effect of triple therapy on rapidly progressive type of Henoch- 
Schonlein nephritis. Pediatr Nephrol 1995; 9:6-10. 
Rosloker G, Desvaux-Belghiti D, PilatteY, et al. iinmunomodulation with low-dose immunoglobulins 
for niodcratc IgA nephropathy arid Henoch-Schijnlein purpura. Nephron 1995; 69:327-334. 
Kawana S, Nishiyaina S. Serum SC5b-9 (terminal complement complex) level, a sensitive indicator of 
disease activicty in patient4 with Henoch-Schonlein purpura. Dermatology 1992: 184: 17 1-176. 
Abou-Raglieb HHA, Williams AJ, Brown CB, Milford-Ward A. Plasma levels of the anaphylatoxins 
C3a and C4a in patients with IgA nephropi~~ylHenocli-Schijtllein nephritrs. Nephron 1992: 62:22-26. 
Tonshoff B, Momper R, Schweer H, Scharer K, Seybcrth HW. Increased biosynthesis oF vasoactive 
prostanoids in Schonlein-Henoch purpura. Pediatr Res 1992; 32: 137-140. 
Jin DK, Kohsaka T, Koo JW, Ha TS, Cheong M I ,  Choi Y. Complement 4 Locu9 I1 gene deletion and 
DQA1’0301 gene: Gcnetic risk factora Tor IgA nephropathy and Henoch-Schdnlein nephritis. Nephrnn 
1996; 73:390-395. 
Wu TH, Wu SC, Huang TP, YLI CL, Taai CY. Increased excretion of tumor necrosis factor alpha and in- 
terleukin 1 b in urine from paticnts with IgA nephropathy and Schonlein-Henoch purpura. Ncphron 
1 996; 74:79-88 
Koiido N, Kasahwa K, Shinoda S, Orii T. Accelerated expression of secreted alpha-chain gene in ana- 
phylacloid purpui-a. J Clin Immunol 1992; I2:193-196, 
Ault BH, Stapleton FB. Rivas ML, Waldo FB, Roy III S ,  McLean RH, Bin J, Wyatt RJ. Association of 
Ilenoch-Schiinlein purpura glonierulonephtitis with C4B deficiency. J Pediattr 1990; 1 17:753-755. 
Saulsbury FT. Heavy and light chain composition of serum IgA rheumatoid factor in Henoch-SchBn- 
k in  purpusa. Arthritis Rheum 1992; 35:1377-13X0. 
Straw G, Ronda N,  Bevan JS, Esiiault V, Griffiths DFR, Rccs A. antincutl-ophil cytoplasmic antibodies 
(ANCA) of IgA class correlate with disease activity in adult Henoch-Schijnlein purpura. Nephrol Dlal 
Transplant 1992; 7:1238-1241. 
O’Donogliue DJ, Nusbaum P, Noel LH, Halbwachs-Mecarclli L, Lesavre Ph. Antiiicntrophil cytolllas- 
mic antibodies In Igh nephropathy and Henoch-Schonlein purpura. Nephrol Dial pFransplant 1992; 7: 
534-538. 
O’Donoghue DJ, Jewkes F. Posilethwate RJ, Ballardie FW. Autoimmunity to glomerular antigens in 
Henoch-Schbnlcin nephritis. Clin Sci 1992; 83281-287 



This Page Intentionally Left Blank



icr i it i s: Pathogenes is  

Peter Heeringa, j. Charles Jennette, and Ronald J. Falk 
IJniversity of North Carolina, Chapel Hill, North Carolina 

Approximately S O  years ago, in an attempt to differeniiate vasculitis into clinical and pathologi- 
cal categorics, Zeek et al. (1,2) described a form of small-vessel vasculitis that they called hy- 
persensitivity angiitis. This form of vasculitis differed from periarteritis nodosa in that i t  involved 
vessels othcr than arteries and frequently affected capillaries in the lungs and kidneys. In 1954, 
Godman and Churg (3) confirmed thc distinctive clinical and pathological characteristics of this 
form of vasculitis, but preferrcd the term rnicroscopic periarteritis because they did not find evi- 
dence for an allergic response in their patients with this category of vasculitis. Thc 1993 Chapel 
Hill Consensus Conference on the Nomenclature of Systemic Vasculitis adopted the name mi- 
croscopic polyangiitis Tor Zeek’s hypersensitivity atigiitis and Godman and Churg’s microscopic 
periarteritis (4). This designation was preferred over microscopic polyarteritis because, in some 
patients, microscopic polyangiitis affects capillaries (e.g., alveolar and glomerular capillaries) 
and venulcs (c.g., dermal vcnulcs) with no identifiable involvement of arteries. The Chapel Hill 
Nomcnclature System also requires that microscopic polyangiiiis have few or no immunoglobu- 
lin deposits in vessel walls, which distinguishcs microscopic polyangiitis from a number of other 
small-vessel vasculitides that appear to be mediated by immune complexes localized in vessel 
walls (e.g., cryoglobuliiieinic vasculitis and Hcnoch-Schonlein purpura) or by antibodies di- 
rected against constituents of vessel walls (e.g., Goodpasture’s syndrome). This paucity of  im- 
munoglobulin is the basis for the designation pauci-immune small-vessel vasculitis, which refers 
to a category of necrotizing small-vessel vasculitis with little or no immunoglobulin localiaation 
that includes not only microscopic polyangiitis but also Wegener’s granulomatosis and Churg- 
Strauss syndrome (43). The pathological similarity among thcsc three categories of small-vessel 
vasculilis suggcsted to Godrnan and Churg that they share the same pathogenic mechanism ( 3 ) ,  
and this is supported further by their association with antineutrophil cytoplasmic autoantibodies 
(4-8). 

The acute vasculitic lesions of all forms of pauci-immune small-vessel vasculitis are character- 
ized by segmental tibrinoid necrosis (Figs. 1 and 2), influx of predominantly neutrophils, and con- 
spicuous karyorrhexis, especially of neutrophils (leukocytoclasiaj, caused by apoptosis and 
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Figure 1 Necrotizing vasculitis affecting an intcrlobular artery in a patient with microscopic polyangiitis. 
Note that the fibrinoid necrosis (arrow) and adjacent inflammation are confined to the segment of thc artcry 
to the right while the segment to the left is uninvolved. (Trichrome stain.) 

Figure 2 
necrosis. 

Direct immunofluorescence microscopy denionskating fibrin in a zone of vasculitic fibrinoid 

necrosis (5-7). Eosinophils may be conspicuous. As the lesions progress over time, the leukocyte 
infiltrate is dominated by mononuclear leukocytes (Fig. 3), mainly monocyte/macrophages and T 
lymphocytes, and they eventually evolve into fibrotic lesions. Wegener’s granulomatosis and 
Churg-Strauss syndrome share indistinguishable histological vasculitic lesions with microscopic 

s, but also have distinctive pathological and clinical characteristics that distinguish 
these catcgories or pauci-immune small-vessel vasculitis from microscopic polyangiitis (4,5). 
Specifically, patients with Wegener’s granulomatosis have necrotizing granulomatous inflama- 
tion and patients with Churg-Strauss syndrome have blood eosinophilia and asthma. Thus, al- 
though the pathogenesis of the small-vessel vasculitis may be the same in these three categories 
of vasculitis, some modification of the efferent or afferent limb of disease induction must be dif- 
ferent in Wegener’s granulomatosis and Churg-Stranss syndrome to account for the disease man- 
ileslations that these processes have that differ from those in microscopic polyangiitis. 

The acute pathological lesion inmicroscopic polyangiitis indicates that very dcstructive lytic 
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Figure 3 ANCA-associated small-vessel vasculitis with extcnsivc mural arid perivascular infiltration by 
predominantly niononuclear leukocytes. (Mason trichrome stain.) 

and necrotizing factors are involved in causing the tissuc injury. The fibrinoid necrosis (see Fig. 1 
and 2) results from the spillage of plasma into the tissue adjacent to the lumen, where thrombo- 
genic factors, such as collagen and necrotic debris, activate the coagulation cascade leading to the 
formation of fibrin. The activated coagulation cascade is a marker for activation of other intercon- 
nected humoral inflammatory mediator systems, such as the kinin system. hmunohistological ex- 
amination of the acute lesions demonstrates the fibrinogen and fibrin, but reveals only low-level 
complement activation and little or no immunoglobulins. In addition to the extensive lytic de- 
struction of cells and extracellular matrix, the conspicuous karyorrhexis documents extensive 
death of endogenous cells and infiltrating leukocytes. Neutrophils are the only inflammatory cells 
that are known to cause this pattern of destructive lytic injury, and thus, whatever the pathogenic 
mechanism i s  in microscopic polyangiitis, it must have a component of recruitment and activation 
of neutropbils, at least during the initial phase of injury. Within days, mosl of the vasculitic lesions 
contain a predominance of mononuclcar leukocytes, including monocytes, macrophages, and T 
lymphocytes. This, of course, is the natural histological evolution of any acute inflammatory 
process. The neutrophils quickly die out, and the monocytes that come in with the initial wave of 
neutrophils persist and transform into macrophages that release cytokines that orchestrate the evo- 
lution of the acute inflammatory response into a chronic inflammatory response with a predomi- 
nance of additional monocytes, macrophages, and T lymphocytes. At sites of severe or persistent 
injury, thc chronic inflcammatory response ultimately engenders fibrosis by the recruitment and ac- 
tivation of fibroblasts. 

Therdore, sites of vasculitis in microscopic polyangiitis begin as acute necrotizing inflam- 
mation and evolve through chronic inflammation to fibrosis. The last two phases are stereotypi- 
cal responses to any type of acute injury, and may be independent of the etiological pathogcnic 
events. Any explanation of the pathogenesis of microscopic polyangiitis must account for thc crit- 
ical initial acute destructive injury. 
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111. PATHOGENIC IMPLICATIONS OF THE SEROLOGY 

Over the past 15 years, it has become evident that the pauci-immune small-vessel vasculitides are 
strongly associated with the presence of autoantibodies directed against lysosomal constituents 
ol‘ neutrophils and inonocytes (5-8). This category of autoantibodies is now collectively known 
as antineutrophil cyloplasmic antibodies (ANCAs). The first description of ANCAs dates back to 
1982 when Davies et al. (9) reported that sera from a small number of patients with segmental 
nccrotizing glornerulonephritis reacted with the cytoplasni of ncutrophils. These observations 
were largely unnoticed until, in 1985, van der Woude et al. (10) showed that ANCAs are sensi- 
tive serological markers for Wegcner’s granulomatosis. Later, the presence of ANCAs was estab- 
lished in microscopic polyangiitis, Churg-Strauss syndrome, and idiopathic pauci-immune 
necrotizing crescentic glomerulonephritis (1 1-13). 

The original, and still routinely used, technique to screen sera for the presence of ANCAs is 
indirect immunofluorescence on ethanol-fixed neutrophils. The ANCAs produce two staining pat- 
terns on this substrate, cytoplasmic (C-ANCA) and perinuclear (P-ANCA) (1 1). The major target 
antigen recognized by C-ANCA-positive sera has been identified as proteinase 3 (PR3), which is 
a 29-kDa serine proteinase localized in the a7urophilic granules of neutrophils and the lysosomes 
of monocytes (14-17). The enzyme is slightly cationic (isoelectric point of 9.1) and has proteolytic 
activity on scveral physiological substrates, such as extracellular matrix proteins (1 8). 

In patients with vasculitis, P-ANCA sera usually are specific for myeloperoxidase (MPO) 
which, like PR3, is localizcd in the azurophilic granules of neutrophils and lysosomes of mono- 
cytes (1 1). Myeloperoxidase is a 140-kDa, highly cationic protein (isoelectric point of >I 1) in- 
volved in the generation of reactive oxygen species (19). The P-ANCA staining pattern produced 
by sera positive for MPO was found to be an artifact of the ethanol fixation, which causes cationic 
cytoplasmic proteins to shift toward the negatively charged nuclear membrane. Upon fixation of 
neutrophils with a cross-linking fixative, such as formalin, these sera produce a cytoplasmic stain- 
ing pattern ( 1  1). 

Most patients with Wegener’s granulornatosis have PR3-ANCAs, whereas most patients 
with microscopic polyangiitis or Churg-Strauss syndrome have MPO-ANCAs; however, either 
type of ANCA can occur in any of the clinicopathological categories of pauci-itnmune small-ves- 
sel vasculitis (4-8). 

The etiology and pathogenesis of pauci-immune small-vcssel vasculitis, including micro- 
scopic polyangiitis, is still unknown. However, the close association with ANCAs, together with 
the shared histopathological features, has prompted the hypothesis that the underlying pathogen- 
esis is the same in all forms of pauci-immune small-vessel vasculitis, and that this somehow in- 
volves ANCAs. Most immune responses have both an antibody-mediated (R cell) and a cell-me- 
diated (T cell) component, and there is evidence that the ANCA immune rcsponsc is no exception 
because T cells with reactivity against PR3 or MPO can be identified in patients with ANCA-as- 
sociated small-vcsscl vasculitis (20,21). Wether these T cells are only involved in the efferent 
(immunogenic) phase of ANCA induction or are also involved in the aflferent (pathogenic) phase 
of pauci-immune small-vessel vasculitis has not been determined. 

IV. PATHOGENIC IMPLICATIONS OF CLINICAL OBSERVATIONS 

As just noted, the fact that ANCAs occur in over 80% of patients with pauci-immune small-ves- 
sel vasculitis raises the possibility that they havc a pathogenic role. This is further supposted by 
the observation that the titer of ANCAs correlates to a degree with clinical activity and response 
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to treatment (6,8). Although this is consistent with a cause and effect relationship, it would also 
occur with an epiphenomenon that was secondary to active disease, as is the case with the eryth- 
rocyte sedimentation rate. ‘The effectiveness of aggressive immunosuppressive therapy in ANCA 
disease also suggests immune mediation, although this could be an iminuiie mechanism that does 
not involve ANCAs. In addition, immunosupprcssive agents have nonspecific antiinflammatory 
effects, such as depression of leukocyte production and function, and thus may cause disease re- 
mission by abrogating secondary mediator events rather than primary (etiological) immunologi- 
cal events. The apparent effectiveness of pooled iiitravenous immune globulin in patients with 
ANCA vasculitis is somewhat more supportive of an antibody-mediated pathogenic process (22). 
The most compelling clinical cvidence that ANCAs cause vasculitis is the observation that cer- 
tain drugs, such as aminoguanidines, thiouracils, hydralazine and penicillamine (23-3 1), and en- 
vironmental exposures, e.g., to silica (32-38), are capable of inducing ANCA formation that is 
associated with the development of pauci-immunc sniali-vessel vasculitis or the closely related 
panci-immune necrotizing and crescentic glomerulonephritis. These clinical observations sug- 
gest a pathogenic relationship between ANCAs and microscopic polyangiitis but do not prove this 
or identify the niechanbn by w l k h  ANCA could cause vascular inflammation. 

V. 

A. A N C A - ~ e ~ i a t e ~  Neutrop~il Activation 

PAT~OG~NIC ~MPLICATIONS OF IN VITRO STUDIES 

In 1990, Falk et al. (39) demonstrated that ANCA can activate primed neutrophils leading to the 
production of reactive oxygen metabolites and the release of lysosomal proteolytic enzymes, in- 
cluding the ANCA antigens themselves (Fig. 4). Since then, numerous studics have hecn reported 
in which these phenomena are further elaborated (40,4 1). Stimulation of neutrophils by ANCA 
requires prior priming of the cells by proinflammatory cytokines, such as tumor necrosis factor 
(TNF) and interleukin-1P (IL-lp). Priming results iii  the expression o f  the target antigens of 
ANCA, i.e,, PR3 and MPO, on the surface of the ncutrophil making them accessible for interac- 
lion with the anti-PR3 and anti-MPO antibodies. Interestingly, primed neutrophils expressing 
PR3 and MPO occur in the peripheral blood of patients with active ANCA-associated small-ves- 
sel vasculitis. If interaction between ANCA and primed neutrophils occurs in the circulation, 
massive systemic release of lytic enzymes and oxygen radicals would ensue. However, it has been 
demonstrated that this process only occurs when neutrophils are adherent to a surface. This ad- 
herence particularly involves P-integrins. In support of this, Ewert et al. (42) have shown that en- 
dothelial injury induced in vitro by ANCA-induced nentrophil activation requires P-integrin lig- 
ation. Thus, ANCA-induced neutrophil activation in vivo probably takes place at sites of local 
cytokine release where neutrophils are primed and endothelial cells activated, and in small ves- 
scls where neutrophils are in  close contact with vessel walls. A recent study showed that ANCA- 
induced reactive oxygen production and degranulation is markedly enhanced in the presence of 
extracellular arachidonic acid (43). It appeared that ANCAs are potent activators of the S-lipoxy- 
genase pathway in ncutrophils, inducing the production of large amounts of leukotsiene B4. 
Leulrotriene B4 is a potent chemoattractant for neutrophils and may trigger an autocrine loop of 
cell activation, resulting in increased oxygen metabolite production and degranulation. 

In addition to oxygen metabolite production and dcgranulation, ANCA can stimulate neu- 
mphils to secrete cytokines such as IL-8 and &I p (44,45). The ANCA-induced IL-X production 
by ncutrophils may amplify the recruitment of additional neutrophils, whereas IL-1 p production 
may be involved in the transition from acute to chronic inflammation. 

The mechanisms responsible for ANCA-mediated neutrophil activation are not completely 
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Adhesion ~ Q ~ ~ c ~ ~ ~  
Adhesion Molecule Receptor 

Figure 4 Diagram depicting hypothetical events in the induction of necrotizing vasculitis by the syner- 
gistic interaction of ANCA with other inflammatory stiinuli that prime ncutrophils by inducing the cxpres- 
sion of ANCA antigcns on the surface of neutrophils. Beginning at the upper left, normal ncutrophils with 
no ANCA antigens on the surface are primed by cytokines, resulting in expression of ANCA antigens at the 
neutrophil cell surface where they can interact with the Fab’2 of ANCA. Neutrophils then can be activated 
by direct ANCA Fab2 binding, as well as by cngagemcnt of Fc receptors by ANCA complexed with ANCA 
antigens in the fluid inicroenvironmcnt of the neutrophil and on vascular surfaces. At the bottom right, neu- 
trophil activation ultimately results in endothelial cell and neutrophil apoptosis and necrosis, as well as lytic 
disruption of vcsscl wall matrix material. Similar cvcnts would occur lor monocyles, which also conlain 
ANCA-antigens. (From Ref. 6.) 

clear. As mentioned before, neutrophils express the ANCA antigens on the cell membrane upon 
priming with proinflammatory cytokines. In addition, the ANCA antigens are also expressed on 
the cell surface of apoptotic neutrophils and are recognized by ANCA. Binding of ANCAs to 
primed or apoptotic neutrophils may lead to further activation of the same or a second neutrophil, 
which appears to depend on the interaction of the Fc portion of the antibody with Fc receptors on 
the neutrophils or Fab’2 recognition of antigcn (Fig. 4). Blocking the FcrRIIa receptor with spe- 
cific monoclonal antibodies inhibits ANCA-mediated neutrophil activation to a large extent 
(46,47). A study by Kocher et d. demonstrated an important role for the FcRlTIb (48). However, 
in other studies F(ab)2 fragments of the antibodies also induced neutrophil activation suggesting 
that FcP independent processes are involved as well (49). 

Because the ANCA antigens PR3 and MPO are also constituents of granules from inono- 
cytes, these cells are likely to be targets for ANCA activation as well (SO). However, the effects 



Microscopic Polyangiitis: Pathogenesis 345 

of ANCAs on monocytes have not been extensively studied. It has been reported that inonocytes 
can be activated to produce reactive oxygen metabolites by ANCAs (SO). In addition, it has been 
shown that ANCAs stimulate monocytes to produce monocyte chemoattractant protein- 1 and 1L- 
8 (5 132). In vivo, ANCA-induced MCP- I and 1L-8 secretion may play an important role by am- 
plification of local monocyte and neutrophil recruitment. Even if neutrophils and monocytes are 
activated equally by ANCA, it is conceivable that the initial leukocyte response at a site of new 
ANCA-induced injury would be predominated by neutmophils because they outnumber mono- 
cytes in the circulation; however, once the destruction is induced and the lesion begins to mature, 
the neutrophils would die out but thc monocytes would persist and transform into macrophages. 
As mentioned earlier, these activated macrophages would then orchestrate the chronic inflamma- 
toiy and fibrotic response to the acute injury, resulting in resolution or scarring. 

The cytokine dependency of ANCA-mediated neutrophil activation in vitro i s  of particular 
interest because it correlates well with some features of the clinical presentation of ANCA-asso- 
ciated small-vesscl vasculitis, including microscopic polyangiitis. In clinically quiescent patients, 
high ANCA titers can be present suggesting that ANCAs alone are not sufficient to induce dis- 
ease activity (53). Furtheimore, in many patients, onset and exacerbations are preceded by signs 
and symptoms of infections, and there is an increased incidence of ANCA-associated small-ves- 
sel vasculitis during winter months (54). These observations support the hypothesis that nonspe- 
cific immune activation leading to cytokine production and priming of neutrophils is required for 
the onset of disease activity in vivo. 

B. Interaction of ANCAs with Their Target Antigens 
Besides their capacity to activate neutrophils, ANCAs may also affect the enzymatic properties 
of their target antigens. This has been demonstrated for anti-PR3 antibodies and rccently also lor 
anti-MPO antibodies. 

Rinding of anti-PR3 to PR3 can inhibit the iireversiblc inactivation of PR3 by (%,-anti- 
trypsin although most anti-PR3-positive sera also inhibit the enzymatic activity of PK3 (55-57). 
Binding of PR3-ANCAs to PR3 may interfere with the clearance of PR3 released from neu- 
trophils and may lead to the longer persistence of anti-PR3-PR3 complexes in tissues. Subse- 
quently, dissociation of active PR3 from these complexes may contribute to tissue injury. Inter- 
estingly, in a longitudinal study of patients with Wegener’s granulomatosis, it was found that 
disease activity correlated with the amount of inhibitory activity of the antibodies on the inacti- 
vation of PK3 by a,-antitrypsin rather than with the anti-PR3 titer itself (56,571. 

Ceruloplasmin has been identified as a physiological inhibitor of MPO enzymatic activity, 
preventing the production of hypochlorous acid (58). Recently, Griffin et al. (59) demonstrated 
that this inhibition can be disrupted in the presence of anti-MPO antibodies isolated from patients 
with microscopic polyang s and Wegener’s granulomatosis. In this study, the majority of the 
anti-MPO antibodies (76%) did not themselves inhibit MPO activity, suggesting that steric hin- 
drance following binding of the antibodies near the active site is responsible for the inhibitory ef- 
fect. Interestingly, the capacity of anti-MPO antibodies derived from Wegener’s granulomatosis 
patients to reverse the ceruloplasinin-mediated inhibition of MPO activity was much less marked 
as compared with anti-MPO antibodies derived from MPA patients. These results suggest differ- 
ent anti-MPO epitope specificities in Wegener’s granulonialosis and microscopic polyangiitis, 
which may influence disease manifestations. 

C. lnterac~ion Between ANCAs and Endothelial Cells 

Myeloperoxidase and PR3 are cationic proteins with isoelectric points of >11 and 9.1, respec- 
tively. Upon release from activated neutrophils, these enzymes niay bind to anionic structures 
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such as basal membranes or the luminal surface of endothelial cells. Subsequently, ANCAs may 
bind, resulting in opsonization and complemcnl activation, enhanced influx of inflammatory 
cells, and antibody-dependent cellular cytotoxicity. Activation of such effector pathways in vivo 
may aggravate the inflammatory process and eventually cause vessel wall destruction. In vitro 
studies have shown that ANCAs bind to endothelial cells previously incubated with MPO or PR3, 
and can induce complement-dependent endothelial cell lysis (42,60,6 1). Furthermore, incubation 
with PR3 and elastase enhances JL-8 production by endothelial cells and triggers endothelial cell 
apoptosis (62,631. Although the effects of ANCAs were not studied, these observations may be 
of pathophysiological importance because in renal biopsies of ANCA-associated vasculitides 
MPO, PR3 and elastase are localized extracellularly on endothelial and tubular cells (64). 

Most evidence indicates that the ANCA antigens MPO and PR3 are specific for cells of the 
monoinyeloid lineage. Some studies, however, suggest that PR3 may be expressed by other cell 
types as well, including endothelial cells (65). In endothclial cells, increased PR3 expression and 
translocation of the enzyme to the cell membrane has been reported after stimulation with either 
TNF-a, interferon-y (IFN-yj or IL-lP (65). Addition of anti-PR3 antibodies in the presence of 
primed neutrophils results in cytotoxicity of these primed endothelial cells (66). These observa- 
tions suggest that PR3 is available for interaction with the autoantibodies on endothelial cclls at 
inflammatory sites. However, other studies haw not been able to demonstrate PR3 expression by 
cytokine-treated endothelial cells (67). Thus, the role of this phenomenon in the pathophysiology 
of ANCA-associated small-vessel vasculitis is controversial. In addition, within vascular lesions 
in microscopic polyangiitis and other lorms of ANCA-associated vasculitis, deposits of immuno- 
globulin are absent or scanty. Therefore, direct or indirect binding of ANCA to endothelial cells 
as a pathophysiological mechanism in the development of ANCA-associated vasculitis has been 
disputed. However, the absence of detectable immunoglobulin deposits in fully developed vascu- 
lar lesions does not excludc a role for immune complexes in the initial phase of the disease 
process or a role for low levels of immune complex deposits. 

D. T-cell Reactivity in ANCA-Associated Small-Vessel Vasculitis 

This absence or paucity of immunoglobulin deposits in vascular lesions in microscopic polyangi- 
itis and other forms of ANCA-associated small-vessel vasculitis has raised the possibility that T 
cell-mediated immunity is involved in the pathogenesis of ANCA-associated small-vessel vas- 
culitis (68). In addition, levels of soluble IL-2 receptor are elevated in Wcgener’s granulomatosis 
patients and increasc preceding major relapses, providing more indirect prove for a role of acti- 
vated T cells in ANCA-associatcd small-vessel vasculitis (69). The target antigens of these au- 
toreactive T cells have not been identified. Proteinase 3 and MPO are likely candidates. Although 
T-cell reactivity to PR3 and MPO has been found to be more frequent and stronger in Wegencr’s 
granulomatosis patients than in healthy controls, not all Wegener’s granulomatosis patients re- 
spond to PR3 or MPO. As noted carlier, the presence of activated T cells and their products is to 
be expected in any patient with severe inflammatory injury of more than a few days’ duration, and 
thus does not prove a causal relationship to the initial injury that led to thc inflammation. There- 
fore, the role of T cells with specificity for PR3 and MPO in the pathophysiology of ANCA-as- 
sociated small-vessel vasculitis is unresolved. 

E. Infections and ANCA-Associated Small-Vessel Vasculitis 

There is considerable circumstantial evidence suggesting a role for infections in the pathophysi- 
ology of ANCA-associated small-vessel vasculitis. As mentioned before, relapses in disease ac- 
tivity are often preceded by infections, for example, chronic nasal carriage of Stuphylococcus uu- 



Microscopic Polyangiitis: Pathogenesis 347 

reus has been shown to be an important risk factor for the development of relapscs in Wegener’s 
granulomatosis. Furthermore, antimicrobial treatment reduces the incidence of relapses in We- 
gencr’s granulomatosis (70). 

There are several ways by which infections may play a role in ANCA-associated vasculi- 
tis. At the site of an infection, inflammatory mediators such as TNF-a are released causing acti- 
vation of the endothelium and priming of neutrophils. Thus, infections may be the trigger crest- 
ing the environment in which ANCA-mediated neutrophil activation can occur. Furthermore, 
microbial components have been shown to be effective T-cell independent B-cell rnitogens that 
may induce autoreactive B-cells to produce ANCA. In addition, a role for microbial antigens act- 
ing as superantigens has been suggested. Superantigens, in a non-antigen specific manner, cause 
selective expansion of T cells bearing particular T-cell receptor V p  chain variable regions whereas 
conventional antigens usually stirriulate T cells expressing several V gene products. So far, stud- 
ies in ANCA-associated small-vessel vasculitis regarding the T-cell receptor reperloirc have been 
inconclusive. In one study, abnormal expansions of T cells, especially CD4+ T cells, using par- 
ticular Va and Vp gene products were found. In another study, increased Vg 2.1 gene usage was 
demonstrated in vasculitis patients and was most marked in microscopic polyangiitis. In both 
studies, there was no correlation with any specific clinical feature or disease activity. Consider- 
ing this, it should be noted that the results may have been biased by thc use of pcripherai blood 
lymnphocytes. Studies examining the T-cell Vp gene usagc of lcsional T cells would provide in- 
teresting information regarding the antigenic stimulus of those T cells but have not been done so 
far. Thus, the causal relationship between microbial antigens and T-cell reactivity in ANCA-as- 
sociated diseases remains speculative. 

VI. PATHOGENIC IMPLICATIONS OF IN VlVO STUDIES 

In order to substantiate a pathophysiological role for ANCA, in vivo animal models are required. 
In such models, a direct relation between antibodies reacting with autologous PR3 and MPO on 
the one hand and disease manifestations similar to those in human pauci-immune small-vessel 
vasculitis on the other should be demonstrable. However, in the case of PR3, development of an 
animal model is hampered by the fact that human anti-PR3 antibodies only react with neutrophils 
of baboons. and not with those of lower species. In addition. immunization of rats or mice with 
human PR3 does not result in antibodies reacting with rat or mouse neutrophils. Recently, the 
inurinc equivalent of human PR3 was detected in mice and cloned (71,72). However, again mono- 
clonal and polyclonal antibodies to human PR3 did not recognize cloned mouse PR3. 

Antihuman PR3 has been induced in mice by idiotypic manipulation (73,74). In thcse stud- 
ies, mice were immunized with affinity-purified PR3-IgG from two separate Wegener’s granulo- 
inatosis patients. After 2 weeks, the micc developed anti-idiotypic, and alter 4 months anti-anti- 
idiotypic antibodies reacting with human PR3. In addition, sera derived from these mice also 
reacted with human MPO and endothelial cell surface proteins. Interestingly, a number of these 
mice developed sterile rnicroabscesscs in the lungs after 8 months. It is, howcver, unclear whethcr 
these antibodies also recognize murine PR3. Thus, the real autoimmune nature of this model 
awaits further study. 

In the case of anti-MPO-associated vasculi tidglornerulonephritis, several animal models 
have been described to date (75). 

Exposure to mercuric chloride (HgCI,) of susceptible rat strains, usually of the TH2-re- 
sponder type such as the Brown Norway (BN) rat, induces an autoimmune syndrome rncdiated 
by a T cell-dependent polyclonal B-cell activation. As part of this polyclonal B-cell activation. 
antibodies to MPO occur, as do antibodies to nuclear antigens, constituents of the glomerular 
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basement membrane and other antigens (76). Necrotizing leukocytoclastic vasculitis occurs in 
multiple organs in HgC1,-treated Brown Norway rats, particularly in the submucosal vessels of 
the duodenuni and caecum. Pretreatment with broad-spectrum antibiotics diminished HgCl,-in- 
duced vasculitis. This suggested that thc microbial load of the animals contributes to, but is not 
entirely responsible for, HgC1,-induced vasculitis. Thus, the model of HgC1,-induced vasculitis 
has several characteristics that resemble aspects of human microscopic polyangiitis. First, as in 
humans, it features necrotizing vasculitis involving small to medium-sized vessels accompanied 
by fibrinoid necrosis of the vessel wall and inflammatory cell infiltration. Second, there is evi- 
dence that bacteria contribute to vascular injury in this model. Third, autoantibodies develop, sim- 
ilar to those present in humans. Despite these analogies to human disease, the model has also 
some important dissimilarities. In humans, necrotizing crescentic glomemlonephritis is a promi- 
nent feature 01 microscopic polyangiitis and other ANCA-associated small-vessel vasculitides 
but is not observed in HgC1,-induced vasculitis. Furthermore, a range of autoantibodies is in- 
duced in this model, which precludes any conclusion as to the pathophysiological role of anti- 
MPO antibodies done in this model. 

In SCC/Kj mice, derived from the Fl hybrid of BxSB and MRL/lpr mice, crescentic 
gloniervlonephritis and necrotizing vasculitis develop spontaneously in t 50% of mice (77). In 
agreement with findings in human microscopic polyangiitis, immune deposits are scanty or ab- 
sent. Sera derived from SCGlKj mice produce a P-ANCA staining pattern on human and murine 
neutrophils and react with a murine neutrophil extract and human MPO by enzyme-linked im- 
munosorbent assay (ELISA). Again, however, the anti-MPO response is part of a polyclonal au- 
toimmune response. 

Induction of a selective autoimmune response to MPO is a more direct method of studying 
the pathophysiological role of anti-MPO antibodies. Immunization of Brown Norway (BN) rats 
results in an immune response to human MPO that cross-reacts with autologous rat MPO but im- 
munization alone does not induce any lesions (78,759. When, 2 weeks after immunization, the 
products of activated neutrophils, i.e., proteolytic enzymes (proteinase 3, elastase), MPO, and its 
substrate hydrogen peroxide (H,O,) are perfused into the left kidney, the MPO-immunized rats 
develop necrotizing crescentic glomerulonephritis and vasculitis (78). A1 1 day after perfusion, 
immune deposits are clearly present along the glomemlar basement membrane (GBM), but at 4 
and 10 days after perfusion, the lesions lack immune deposits. These studies suggest that ANCA- 
associated vascular inflammation may develop after transient r o d  immune complex foimation 
along the GBM. The absence of immune deposits in the later stages of this model may be due to 
degradation of immune complexes by proteolytic enzymes released from activated neutrophils. 
However, the pauci-immune character of this model has been disputed by others (79). 

Kobayashi et al. (80) reported that anti-GBM nephritis in rats is aggravated by the admin- 
istration of heterologous rabbit anti-rat MPO antibodies. In these studies, the administration of 
rabbit anti-rat MPO antibodies together with rabbit anti-rat GBM antibodies resulted in an in- 
creased influx of neutrophils and more extensive fibrin depositions compared with rats injected 
with nornial rabbit antibodies and rabbit anti-rat GBM antibodies. However, no evidence for cres- 
cent €ormation and vasculitis was found. To extend these observations, Heeringa et al. (81) in- 
jected a subnephritogenic dose of anti-GBM antibodies in rats previously immunized with human 
MPO. These rats developed severe glomerulonephritis characterized by the early occurrence of 
hematuria and severe proteinuria at day 10. In this model, MPO-immunized rats developed renal 
lesions characterized by fibrinoid necrosis of glornerular capillaries, extensive fibrin deposition, 
interstitial and intraglomerular accumulation of monocytes/macrophages and crescent formation. 
In control-immunized rats injected with the anti-GEM antibodies only mild glomcrulonephritis 
was found without evidence for crescent formation, suggesting that the autologous anti-rat MPO 
antibodies are responsible for the exacerbation of the anti-CBM disease in this rnodel. 
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Therefore, in rats, it appears that anti-MPO autoantibodies can synergize with low lcvels of 
immunc complexes (78) and subnephntogenic anti-GBM antibodies (81) to cause severe necro- 
tizing vascular inflammation that could not be caused by [he prinling events alone. 

VII. HYPOTHESIS FOR THE PATHOGENESIS OF MICROSCOPIC POLYA~G~~TIS 

Based on the currently available clinical, pathological, and experimental data, we hypothesize 
that microscopic polyangiitis and the other forms of ANCA-associated pauci-immune small-ves- 
sel vasculitis are caused by the synergistic interaction between ANCAs and other proinflamma- 
tory stimuli, such as high lcvels of circulating or microenvironmental cytokines. This initiates an 
initial phase of acute neutrophil-rich necrotizing vascular inflammatory injury that evolves into a 
phase that i s  rich in mononuclear leukocytes (monocytes, macrophages, and T cells) that ulti- 
mately may progress to  fibrosis or resolution. 
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Y ORIGINS OF ~ICROSCOPIC POLYANGIITIS 

Microscopic polyangiitis (MPA) has only recently been accepted as a distinct disease, separate 
from polyarteritis nodosa (PAN) (1). Polyarteritis nodosa was described a century ago as a rare 
(probably new) disease. Further case descriptions expanded the concept of vasculitis, lumping vir- 
tually all idiopathic vasculitides under the same umbrella. However, the last 50 years has seen a 
process of peeling off one entity after another, again making classic PAN arare disease. Wegener’s 
granulomatosis (WG) and Churg-Strauss syndrome (CSS), two other illnesses with similar renal 
involvement to MPA, were also split off‘ from PAN. Better understanding of clinical, histopatho- 
logical, and pathogenetic aspects of MPA has justified its unique and separate identity among the 
vasculitides. Renal involvement was included in the early descriptions of PAN, and subsequent 
widespread use of the microscope lead to recognition of small-vessel disease. “Polyarteritis no- 
dosa” was studied extensively in the United Kingdom, where patients were frequently recognized 
to have glomenilar inflammation (2). Further work by the Hammersmith group (3) defined the clin- 
ical features of “microscopic polyarferitis” as a syndrome that was recognized by nephrologists as 
a common, distinct form of sinall-vessel vasculitis and a major cause of rapidly progressive 
glomerulonephritis (GN). Other specialties were slower to classify MPA separately from PAN. The 
proceedings of the Chapel Hill Consensus Conferencc (CHCC) havc led to widespread acceptance 
of the term “microscopic polyangiitis,” which emphasizes small-vessel vasculitis in MPA. 

II. D~FIN~TION 

Microscopic polyangiitis is defined as a predominantly small-vessel necrotizing vasculitis with 
dominant involvement of glomerular and also pulmonary capillaries. However, concurrent arteri- 
tis of muscular artcries may occur as well (1). By contrast, PAN is a disease of only medium-sized 
or small muscular arteries that excludes GN and pulmonary capillaritis. 

111. NO~ENCLATURE AND DIAGNOSTIC CRITERIA 

There are no diagnostic criteria for MPA that have been tested for specificity and sensitivity. The 
Chapel Hill Nomenclature, perhaps combined with a better understanding of ihc role of antineu- 
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trophil cytoplasmic antibodies (ANCAs) in pathogenesis and diagnosis, may lead to improved 
criteria for classification of vasculitides. 

Microscopic polyangiitis is regarded as one of the “ANCA-associated vaseulitides” and 
ANCA is found in approximately 85% of patients with MPA. In contrast, ANCA is infrequent 
(0-1096) in PAN (4,s). The ANCA patterns are helpful in distinguishing MPA from WG. Most 
patients with MPA have antibodies that produce perinuclear (“P’) immimofluorescence when ap- 
plied lo ethanol-fixed neutrophils. These P- ANCAs are usually specific for myeloperoxidase 
(MPO). However, 10-1 5% of sera in MPA may be C-ANCA-positive with PR3 specificity ( S ) ,  
the most common pattern in WG. Thus, ANCA serology can be useful, biit is not sufficiently spe- 
cific to be the principal determinant of diagnosis. 

A detailed study of all the cases of systemic vasculitis presenting from a stable population in Nor- 
folk, in eastern England, revealed a higher total frequency of vasculitis than expected. The total 
incidence of all systemic vasculitides was 42 cases per million (6). The 8 cases who met the 
American College of Kheumatology (ACR) criteria (7) for PAN also satisfied the CHCC defini- 
tion for MPA (but not for PAN), giving a total annual incidence for MPA of 5.2 per million (8). 
Recognition of MPA is increasing, in part because of the widespread use of ANCA testing in sus- 
pect cases. Thus, the apparent incidence of MPA in Leicester, United Kingdom, increased from 
0.5 to 3.3 per million after the introduction of ANCA testing (9). There is a clinical impression 
that the ANCA-related vasculitides are more common in Northern European Caucasian popula- 
tions. A survey from Sweden showed a higher than predicted incidence o f  16 cases per million 
population-with MPA being 4 times as frequent as WG (10). Cases have been reportcd from 
India and Israel (ll,l2), and we have seen cases from the tropical north of Australia as well as 
Malaysia. Ethnic differences have been observed in our own studies. Microscopic polyangiitis 
was most frequent in whites and was infrequent in blacks or in individuals from the lndian sub- 
continent. Data from the United States are similar, with MPA reported to be much more common 
in whites as compared with blacks (14). Additional data are required before the geographical dis- 
tribution and effects of ethnicity on MPA can be established. A role for MPA being precipitated 
by infection has been suggested based on seasonal variation in incidence in a Swedish series and 
the reported association with influenza vaccination (13). 

V. CLI~ICAL FEATURES 

A. General 

Microscopic polyangiitis affects males more than females (MIF l.8:l) (3,16), and is more com- 
mon in older patients (mean age -50 years). It is a multisystem disease. Systemic features may 
antedate diagnosis for up to 1 or more years ( 1  5) .  Constitutional features, such as malaise, weight 
loss, myalgias, and arthralgias, are seen in half to three-yuarters of patients at presentation (3,16). 
Hypertension occurs in approximately 20% of cascs. Skin involvement is present in at least two- 
thirds of patients, frequently maniresling as purpura but also as livedo, nodules, or urticaria (5). 
Over 60% have neurological involvement, particularly mononeuri tis multiplex. Central nervous 
system (CNS) disease may present as a stroke. 
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B. Renal 

The clinical presentation of MPA renal disease is usually asymptomatic microscopic heinaturia 
and proteinuria (80% of patients). Gross hematuria is unconimon (6% of patients). 

The characteristic lesion is a necrotizing crescentic glomerulonephritis. This distinguishes 
the disease from PAN, but is identical to the lesion seen in WG or renal-limiled vasculitis. Half 
of MPA cases have renal insufficiency at presentation. Over 90% oi’paticnts eventually have renal 
disease, and in most series, no fewer than 30% of patients were oliguric by the time the diagno- 
sis was made (5). In the elderly, rapidly progressive renal failure is frequent. In a French series 
(S), 10% required long-term dialysis and, overall, one-third died. Renal impairment was a major 
contribution to mortality. The prognosis was worse in those treated with only corticosteroids, 
compared with corticosteroids plus cyclophosphamide. 

C. P u i ~ o n a ~  

Lung involvement is characteristic of MPA and, in the absence of treatmcnt, carries a poor prog- 
nosis. Mortality is greatest in the setting or thc pulmonary-renal syndrome (17). This presenta- 
tion must bc distinguishcd from that seen in WG or in Goodpasture’s syndrome. In MPA, the pul- 
monary lesion is a small-vessel vasculitis, with fibrinoid necrosis of capillaries, leading to 
alveolar septa1 disruption, blood filling alveoli, and the clinical seyuelae of dyspnea, cough, 

. The abscncc of hemoptysis does not exclude lung involvement. On occasion, 
a surprisingly large intraalveolar hemorrhage can occur, with major falls in circulating hemoglo- 
bin levels, without hemoptysis. The chest radiograph shows a typical “bat’s wing” alveolar filling 
pattern. Diffuse pulmonary hemorrhage requires urgent aggressive therapy. The relative risk of 
deafh in MPA has been calculated to be 8 times higher in those patients with pulmonary hemor- 
rhage (1 8). 

It is clear that MPA is a serious disease with a significant risk of either death or end-stage renal 
failure. This provides the rationale for aggressive therapy, even though the evidence base for this 
is less satisfying than desirable (19). In those patients who initially respond to therapy, there is an 
important risk of relapse. Relapse was described in 36% of patients in the series by Savage et al. 
(3) and in 26% of a recent study by Gordon et al. (20). The relapse rate may be less when care is 
provided in units that specialize in systemic vasculitis. In spite of this impression, relapse rates of 
29, 34, and 46% have recently been described from the United States, France, and Sweden, re- 
spectively (2 l,S,22). This has important implications in regard to long-term surveillance, dura- 
tion of therapy, and choice of medications for treatment. 

The Charactcristic renal histopathology is focal thrombosis of glomerular capillaries with fibrinoid 
necrosis of a segment of the gloincrular tuft (23). This is accompanied by rupture of the glomeru- 
lar basement membrane and adjacent extracapillary proliferation. Between IS and 20% of biop- 
sies show extensive extracapillary proliferation (crescent formation). Healed glomerular lesions 
are characterized by sharply defined segmental scars in which disrupted glomerular capillary loops 
can be seen. Glomemlarimmune deposits of immunoglobulin and complement are sparse. In about 



358 Bacon and Adu 

20% of the patients, there is an acute vasculitis an‘ecting arterioles as well as arteries (24). Most 
biopsies also show a tubulointerstitial infiltrate with lymphocytes and eosinophils, often around 
affected glomeruli. The severity of renal impairment correlates more closely with the severity of 
tubular damage than with the extent of glomerular disease. 

Electron microscopy of glomeruli, arteries, and arterioles shows that the earliest changes 
are endothelial swelling and degeneration with focal detachment of the endothelium and suben- 
dothelial deposits of fibrin (23). With more advanced lesions, there is more widespread denuda- 
tion of endothelium with intraluminal fibrin deposits and occasional thrombi. At this stage, poly- 
morphonuclear leukocytes and monocytes are found both in the vessel lumen and within ‘and 
around the walls. 

Imniunohistological studies of renal biopsies in both WG and MPA have shown infiltrating 
monocytes/macrophages and neutrophils within glomeruli and in crescents. CD3- and IL-2R- 
positive T cells were also identified in crescents, in the periglomerular area, and in the intersti- 
tium (23,26). The glomerular endothelium in biopsies from patients with WG and MPA expresses 
vascular cell adhesion molecule- 1 (VCAM- 1) (27) which colocalizes with macrophage infiltrates 
(28). The VCAM- 1 expression by the glomerular endothelium may be important in selectively re- 
cruiting monocytes/macrophages and T lymphocytes Lhat express VLA-4 (CD49dKD29). This 
adhesion molecule may be involved in the genesis of this type of glomerular inflammation. 

VI. ASCERTAINMENT OF DISEASE ACTIVITY AND DAMAGE 

Detailed assessment of disease status is important in all forms of systemic vasculitis. It is impor- 
tant to distinguish disease activity due to current active inflammation from fixed damage {hat has 
resulled from disease. The latter represents the “scars” of disease that conceptiially will not heal 
and will require different types of therapy. Damage includes all scars that have occurred since the 
onset of disease, including those due to intercurrent events, such as infection and drug toxicity, 
since these all contribute to the overall perception oidisease by the patient. Finally, to get a com- 
prehensive estimate of disease severity from the patient’s point of view, it is necesscary to deter- 
inine the patient’s functional status. These three factors together, activity, damage, and function, 
give a global measure of disease severity (29-37). Ideally, assessment would include an estimate 
of disease cost, both to health providers and to the individual. 

Significant damage i s  detectable in many patients by 6 months. This may involve several 
systems and is a major contributor to ullimate disease severity and mortality (33). Although acute 
movtality from MPA and other forms of vasculitis have markedly diminished, 5-year follow-up 
data emphasize that these remain severe diseases with significant accelerated mortality (34,35). 

VII. LABORATORY FEATURES 

Acute phase proteins can be useful serial tests to help in the assessment of disease activity. How- 
ever, these studies are nonspecific, and the values increase due to many different causes of tissue 
injury or inflammation. 

von Willebrand’s factor (vWF) is released from activated or damaged endothelium and 
platelets. von Willebrand’s factor is increased in vasculitis. However, the value of serial testing is 
diminished by the tendency of vWP to remain elevated after clinical measures of disease activity 
have improved. 

Anlineutrophil cytoplasmic antibody serology has been used by many investigators to fol- 
low disease activity. Its use as a guide to treatment decision making is controversial. Data from 
clinics that follow this approach have shown that ANCA titers (by enzyme-linked immunosorbent 
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assay, ELISA) are usually elevated at the time of disease flare or relapse (40). I-Iowever, in an in- 
dividual patient, the elevation may occur well before or immediately after other evidence of a 
flare, limiting its value in ascertaining disease activity (41,42). In addition, a minority of patients 
are persistently ANCA-negativc and others may have a persistently elevated ANCA titer despite 
control of disease activity. Imprctvcments in ANCA assay methodology with standardization of 
antigens may alter these perceptions in the future. Comparison of ANCA with specific clinical pa- 
rameters may also improve our understanding of these antibodies. For example, it has been sug- 
gested that ANCA titers reflect renal disease more accurately than disease activity in other sys- 
tems. Persistently clcvated anti-MPO titers have been associated with development of chronic 
renal failure and thus may be a predictor of poor outcome (43). 

VIII. MANAGEMENT 

A. General Approach 

In an aggressive disease such as MPA, it is important to start therapy for a disease flare as early 
as possible, to control disease activity, and prevent the early development of organ damage and 
disability. The initial treatmcnt of active disease is aggressive. However, such powerful therapy is 
usually not necessary for the duration of illness. Current treatment recommendations have en- 
dorsed a phased regimen that utilizes different approaches at different stages of disease. Maximal 
disease suppression is advocated for the initial active phase of disease, followcd by a less ag- 
gressive, less toxic regimen once disease activity is controlled. Long-term maintenance therapy 
should be considered to prevent relapse. If remission is not achieved, a return to a more aggres- 
sive rcgimcn i s  usual. The Europcan Vasculitis Collaboration is currently conducting large-scale 
controlled trials based on regimens tailored to disease extent and severity (44). Long-term treat- 
ment of the individual, rather than the disease label, has become increasingly important now that 
acute mortality can usually be prevented. 

B. Induction Regimens 

Cyclophosphamide (CP) remains the stmdard therapy for disease induction, in both MPA and 
WG. The risk of death has becn estimated to bc over 5 timcs less in CP-treated patients compared 
with those treated with corticosteroids alone (1 8). The internationally acccpted standard is the 
daily oral CP regimen described by the National Institutes of Health (NIH) group (45). However, 
this approach is not used long tcrm, as had been initially proposed. Cyclophosphamide at a dose 
of at least 2 mg/kg/day is combined with oral prednisolone, starting at 1 mg/kg/day for 1 month 
before commcncing dose reduction. This regimen, with appropriate dose modifications ror renal 
failure, is widely used. Studies over the past 10 ycars have explored an alternative approach of 
giving CP as intermittent pulses (46). Our standard pulse regimen, based on its succcssful usc in 
systemic rheumatoid vasculitis (47), starts with a 2-week pulse interval. This may be important 
to its use in primary vasculitis (1"SNV) with renal involvement such as MPA and WG, since ex- 
periments with a 4-week dose interval have been less successful (48,49). A controlled trid in 
1 "SNV, including MPA, compared this pulse regimen with the standard oral regimen. There were 
no significant differences between treatment groups (50). There was a trend to earlier remission, 
but there were also more late relapses in the pulse group. A similar observation was noted in a re- 
cent French study (51). 

Various adjuvant therapies are frequently added for severe disease. None of thesc interven- 
tions have been evaluated in controlled studies. Several such studies are in progress. Pulse high- 
dose methylprednisolone. provided over 3-5 days, carrics a high risk of infection in these sick pa- 
tients. Plasma exchange may be of benefit to those patients who present with dialysis-dependent 
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renal failure (52). lntravenous immunoglobulin (IVIg) has also been frequently used. This may 
have palliative effects in patients with vasculitis flares complicated by infection (5354). Some 
IVIg preparations have a deleterious effect on renal function. This probably relates to their high 
sucrose content. The titility of IVlg remains controversial. 

aintenance Therapy 

A principal concern in planning long-term treatment for MPA is knowing when it is safe to switch 
from CP to less potent and less toxic therapy, to avoid CP long-term toxicity (55) .  The response 
to standard oral therapy can require as Long as 2 years to achieve complete renlission (45). How- 
ever, marked palliation is achieved much sooner and new disease activity is usually absent well 
bcforc that time. Most authorities advocatc switching to an agent such as azathiaprine (ALA) or 
methotrexate (MTX) after 3-6 months. Preliminary results from a large European study that em- 
ployed AZA for maintenance suggest this approach is as safe and effective as 12 months of daily 
CP therapy. 

In MPA, relapse is not uncommon. In addition, AZA, even when employed in low doses 
(1-2 mg/kg/day), is not devoid of long-term toxicity. A small study has suggested that cyclosporin 
A can be useful (%I), but this drug is nephrotoxic and cannot be generally recomniended. Cur- 
rently there is no ideal nontoxic, effective maintenance therapy for MPA. Shtdies of agents that 
block tumor necrosis factor (TNF) are ongoing. Prevention of carriage of microorganisms, use- 
ful in WG (57), has not been tried in MPA, nor has methotrexate. 

The obvious treatment choice for disease flares is to return to standard induction regimcns. 
The prognosis is often better in relapse and less damage usually accrues (32) ,  perhaps because 
these patients are often being followed closely and present earlier in a flare. This may make them 
good candidates for study with alternative newer drugs that are less toxic. 

Methotxexate and leflunanlide, both useful in WG, have not been formally studied in MPA, but 
may have a role in induction or maintenance regimes (58,Sc)). Mycophenolate is another agent 
with promise (60). Targeting adhesion molecules to prevent inflammatory cell recruitment or 
TNF-a blockade to diminish endothelial cell activation are currently under investigation. 

IX. Y 

Microscopic polyangiitis has only recently been accepted as a distinct form of systeinic vasculi- 
tis. Effective empirical therapy has been derived from past experience with other vasculitides, 
such as WC and PAN. The pathogenesis of MPA is becoming better understood, but the etiology 
of this disease reinaim elusive. Disease-specific, effective therapies will emerge as we come to 
understand the mechanisms of vascular injury in MPA and related disorders. 
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1. INTRODUCTION 

Wegener’s granulomatosis (WG) is one of three similar disorders, with microscopic polyangiitis 
(MPA) and Churg-Strauss syndrome, among the primary small-vessel vasculitides (1) .  WG is 
characterized histologically by granulomatous inflammation and vasculitis of the uppcr and lower 
respiratory tract and systemic vasculitis with a predilection for the kidneys and lungs. Wegener’s 
granulomalosis usually begins with limited organ involvement (of the upper respiratory tract) that 
progresses to systemic disease (generaked WG). Autoantibodics with specificity against the neu- 
trophil cytoplasmic granule enzyme proteinase 3 (PR3-ANCA) are present in virtually all patients 
with generalized WG and together with presence of circulating T cells which proliferate in vitro, 
when exposed to PR3, indicate an autoimmune-based pathogenesis. The etiology of WG remains 
unknown, but in the past 15 years, many processes that may sustain and amplify the disease have 
been identified. 

II.  HISTOPATHOLOGY 

Histological, immunohistochemical, and molecular analysis of diseased tissue has provided a 
basis for our understanding oS the pathogenesis of WG. Most studies havc focused on renal biopsy 
tissue; analyses of head, neck, and lung biopsy material are limited to histological studies only. 

A. Upper Respiratory Tract 

‘The upper respiratory tract is usually the first site of clinical disease in most patients (2). There 
are no immunohistochemical or molecular data from studies on the upper respiratory tract to per- 
mit comparison of cell infiltrates and immune mediators in limited disease with affected sites in 
generalized WG. 

In the largest histological study, the definitive features of WG were only present in the 
minority of biopsies from the head and neck (3). Vasculitis, necrosis, and granulomatous inflam- 
mation were found in 26,33, and 42%, respectively, of all biopsy specimens. The changes asso- 
ciated with these findings included microabscesses and scattered giant cells. Neutrophils, eosino- 
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phils, and mononuclear cells (including lymphocytes) were all present. These results are at vari- 
ance with a recent study of nasal biopsies from 1 1 patients with WG, where leukocytoclastic cap- 
illaritis and granulomas were identified in 73 and 100% of biopsies, respectively (4), although 
similar profiles of infiltrating cells were identified. 

The typical lung findings are necrotizing vasculitis and focal granulomatous i n ~ ~ ~ i a t i o I i .  The 
vasculi tis can affect both capillaries and medium-sized vessels. Other patterns of lung involve- 
ment may include brochiolitis obliterans-organizing pneumonia (BO0P)-type fibrosis (51, alve- 
olar hemorrhage secondary to pulmonary capillaritis (6), and interstitial fibrosis (7). No clinical 
features distinguish these variants and they are probably secondary manifestations of the primary 
disease. Ultrastructural studies on pulmonary vasculitis provided conceptual impetus for under- 
standing the pathogenesis of WG. The presence of lysed leukocytes and extruded nuclci within 
capillaries in the lungs was noted by Donald et al. in 1976 (8) and led to the prescient suggestion 
that cytophilic circulating antibodies were responsible for this finding. 

Wegener’s granulomatosis causes a focal, segmental, thrombotic, and necrotizing glomeru- 
lonephritis that progresses to a crescentic glomerulonephritis (GN) with periglomerular and focal 
inlerstitial inflammatory inliltrzttes. This is the classical lesion of vasculitic GN (9). In the early 
stages, thrombosis may be present within intact glomerular capillary loops at sites where 
glornerular tnesangial and/or endocapillary hypercellularity and extravascular leukocyte accu- 
mulation are absent. Indeed, the first identifiable changes affect the vascular endothelium itself, 
with swelling, necrosis, and loss of adherence (10,l I), suggesting that these cells are targets for 
initial injury. By immunohistochemistry there is absence of immunoglobulin at these sites of ac- 
tive disease (12). Data on the kinetics of cytokine expression and leukocyte infiltration are re- 
viewed below. 

Renal WG is usually impossible to differentiate from MPA, although arteritis is more com- 
mon in MPA and glomerular necrosis and sclerosis more common in WG (I 3). The presence of 
“granulomas” within the kidney is controversial and these lesions may be whole inflamed 
glomeruli, although giant cells are present at extracapillary, glomerular, and periglomerular sites 
( 1 1). Acute tubular damage is common in vasculitic glomerulonephritis and interstitial infiltrates 
of inflammatory cells are usually present. These may accumulate secondary to downstream is- 
chemia, proteinuria, glomerular produced proinflammatory cyto~nes,  andlor vasculitis of the 
peritubular capillary network. 

yto plasm ic Au toan t i bad ies 

There is an established association between autoantibodies against the neutrophil cytoplasmic en- 
zyme proteinase 3 (PR3-ANCAs) and WG ( I  4,15). There is a positive correlation between ANCA 
titres and disease activity, while disease relapse is often (albeit not always) preceded by a rise in 
ANCA titre (16-18). These observations have led to in vitro studies that indicate a role for 
ANCAs in the pathogenesis of WG. 

The ANCAs are a potent tool in diagnosis and in the laboratory, but the absence of circu- 
lating ANCAs in half of the cases with early disease suggest they are a consequence rather than 
a cause of the initial inflammation. Molecular mimicry, denaturation or breakdown of PR3 may 
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render it antigenic; subsequent production of ANCAs may then be involved in triggering systemic 
disease with its emphasis on vascular inflammation (Fig. 1). If interactions between ANCAs and 
small numbers of neutrophils are sufficient to initiate microvascular lesions, absence of ANCAs 
at these sites may not be surprising. This would also explain the clinical and histological paral- 
lels with MPA. 

cyte Activation by Anti-PR3 ANCAs 

In vitro PR3-ANCA (and MPO-ANCA) activates tumor necrosis factor-a (TNF-a)-primed neu- 
trophils to degranulatc and produce reactivc oxygen species ( 1  9). Priming of neutrophils is re- 
quired to translocate the antigens to the cell surface where they are accessible for ANCAs. The 
ANCA antigen is ligated by the F(ab’j2 component of the immunoglobulin G (IgGj molecule, 
which then triggers neutrophil activation by binding to Fc, receptors and activating downstream 
signaling pathways (20). Somc studies have suggested that human F(ab’j, may be sufficient to ac- 
tivate neutrophils; however, in one study, presence of contaminating monocytes may have al- 
lowed ANCA-sensitized monocytes to cross-stimulate neutrophils (21 ), while in another study, 
mouse monoclonal F(ab‘)2 fragments were ineffective although the intact monoclonal antibody 
and human F(ab’j2 fragments stimulated a neutrophil respiratory burst, suggesting inconsisten- 
cies in the response (22). Increased relative amounts of the IgG3 subclass of ANCAs may be pres- 
ent in active WG and relate to an increased capacity to induce the respiratory burst through a 
higher affinity for FyRII receptors than other IgC isotypes (23). 

However, other studies have found that ANCA is predominantly of the IgC1 and IgC4 
subclasses (24). An important route for the effect of ANCAs may be through arachidonic acid de- 
pendent 5’-lipoxygenase pathway-induced production of lcukotrienc B4, a neutrophil chemoat- 
tractant, which also causes autocrine production of reactive oxygen intermediates and degranula- 
tion (25). Involvement of the protein kinase p2 isoform has also been identified (26). In addition, 
ANCAs may ligate antigens as they become expressed on the surface of neutrophils undergoing 
apoptosis (27). Phagocytosis of such ANCA-opsonized neutrophils by tissue macrophages may 
elicit release of macrophage-derived proinflammatory molecules, further enhancing tissue dam- 
age. 

Ligation of neutrophils within the microvasculature by ANCAs may trigger damage of vas- 
cular endothelium (Fig. 2). Within the glomerulus in WC, the majority of neutrophils are acli- 
vated (28) and rctained within capillary loops adjacent to endothelium (29). Enhanced F-actin 
polymerization arid reduced neutrophil deformability may promote neutrophil stasis within ves- 
sels (30). In vitro ANCA promotes the adhesion of neutrophils to endothelial cells (ECs) (3 1 )  and 
the production of proinflammatory cytokines (32), and activates primed neutrophils to lyse cul- 
tured ECs (33). 

Proteinasc 3-ANCA can stimulate production of interleultin-8 (IL-8) and monocyte chemo- 
attractant protein- 1 (MCP- 1 ) from inonocytcs ( 3 4 3  j. These chemokines attract neutrophils and 
mononuclear cells, respectively, to inflammatory sites. Anti-PR3-ANCA-induced rnonocyte IL- 
8 release can be inhibited by up to 80% by a,-proteinase inhibitor (a,-PI), which is a physiolog- 
ical inhibitor of PK3. Recent evidence that ANCAs stimulate neutrophil IL-8 production and that 
the released U,-8 inhibits local neutrophil-transendothelial migration suggests a role for frustrated 
neutrophil trafficking in the pathogenesis of WG (29). This and other mechanisms, including F- 
actin polymerization and increased rigidity, may operate to localize ncutrophils within the mi- 
crovasculalure wherc, in an activated form, they may cause bystander damage to ECs. 

Other mechanisms of EC injury in WG may include charge mediated-binding of PR3 to 
ECs. Ligation by ANCAs may then trigger damage through antibody-dependent cellular cyto- 
toxicity (ADCC) (36). Proteinase 3 may be expressed by ECs with cell surface translocation in 
response to TNF-a (37) where ANCA ligation and ADCC may then occur (38). Recently PR3- 
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Figure 1 Schematic overview o i  the pathogenesis of systemic WG. 
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Figure 2 The earliest visible changes by light microscopy of ANCA-associatcd glomerulonephritis: cap- 
illary loop thrombosis with intravascular neulrophils (mowed). Original magnification X400. 

ANCA has been shown to induce preformed phosphoinositide hydrolysis-related signal trans- 
duction pathways in human ECs and lead to dose-dependent increases in transendothelid protein 
leak (39). Three other laboratories, however, have independently failed to demonstrate PR3 ex- 
pression by ECs (40,41). 

C. Antigenic Targets of Anti-PR9ANCA 

Proteinase 3-ANCA may bind to a number of antigenic epitopes, some close to the active site of 
the enzyme. Peptides of several linear PR3 regions identified as contributing lo PR3 antigenic epi- 
topes inhibit the binding of IgG PR3-ANCA (42). Previous studies, however, had indicated that 
ANCA recognized conformational rather than linear epitopes on PR3 (43). Circulating PR3- 
ANCA may iioncoinpetitively inhibit the esterolytic and proteolytic effects of PR3 (44), although 
these interactions have not been confirmed (45). This inhibition may occur through binding to 
a,-PI sites (46). In addition, other studies show that ANCA from patients with WG specifically 
interrered with the binding of a,-PI and enhanced PR3 proteolytic activity. An anti-idiotypic 
antibody ( 3 7  Id), found in 50% of sera from patients with WG (47) inhibits PR3-ANCA- 
antigen-binding activity in vitro, although there is no correlation between prevalence of 517 Id 
expression and disease activity or organ manifestations. 

D. Antiendothelial Cell Antibodies 

Endothelial cell damagc in WG may be mediated by antibodies to the cells themselves (AECAs) 
(48). Del Papa el al. (49) identified the presence of AECAs in 28 out of 62 patients with primary 
small-vessel vasculitis (49). The AECAs may be directed against determinants constitutively ex- 
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pressed on thc EC surface and cytotoxic to ECs in the presence of peripheral blood mononuclear 
cells. IgG AECA from patients with WG can upregulate adhesion molecule, cytokine, and 
chemokine production (50,s 1). This is achieved by release of at least two AECA-induced soluble 
mediators from ECs, one of which is rL-1; this behaves in an autocrine and paracrinc fashion to 
upregulate E-selectin, VCAM-1 and ICAM-1 (5 132). 

IV. INFLAMMATORY MEDIATORS 

A number of inflammatory mediators have been studied in WG, both circulating and in situ 
(within the kidney). Expression of these mediators is not specific for WG, and also occurs in MPA 
and other systemic autoimmune diseases. They do, however, show the role of endothelial activa- 
tion arid leukocyte- and tissue-produced cytokines in sustaining and amplifying tissue injury. 

A. Circulating Cytokines and Adhesion Molecules 

Increased levels of circulating cytokines, such as TNF-a (53), IL-ID, IL-6, and interferon-y 
(IFN-y) (5433, elevated levels of soluble adhesion molecules (Sb), and markers of EC damage 
and activation of the coagulation cascade (57) indicate systemic immune activation with en- 
dothelium involvement. The P1 isoform of transforming growth factor (TGF) is overexpressed in 
WG and correlates with disease activity (58). Transforming growth factor-PI is a potent translo- 
cation factor for PK3 and, like TW-a ,  increases PR3 membr,ane expression on primed neu- 
trophils by up to 51%. Proteinase 3 activates latent TGF-P, indicating a role for aulocrinc and 
paracrine proinflammatory mechanisms. 

6. Cytokine, Chemokine, and Adhesion Molecule Expression In Situ 

Tumor necrosis factor-a-, IL-1 p, and/or K-2R-positive cells are present in renal biopsies from 
patients with WG and MPA (59). By in situ hybridization there is increased TNF-a 1nFtNA and 
IL- 1 p mKNA in infiltrating mononuclear cells, epithelial cells of Bowman’s capsule and some 
tubules. Local production of these cytokines may prime ECs in vitro and upregulate local ex- 
pression of chemokines and adhesion molecules. The presence and pattern o f  distribution of IL- 
l p  has been confirmed by others (60,61). 

Leukocytes circulate to inflammatory sites by a series of molecular interactions coordinated 
by chemokines and adhesion molecules, expressed by resident cells, including ECs, and by infil- 
trating cells (62,63). A number or studies have shown the presence of chemokines specific for 
neutrophils (29) and mononuclear cell subsets (64,651 in renal biopsies from patients with WG. 
The adhesion molecules necessary for successful trafficking are also present (61,66), and func- 
tional assays indicate that T cells adhere to renal biopsy material from patients with WG (67). 

V. I~~ILTRATING LEUKOCYTES AND CELL-MEDIATED I M M U ~ I ~  

The accumulation of circulating leukocytes at extravascular sites is a prominent feature of vas- 
cuIitic glomerulonephritis (Fig. 3). Careful analysis of human biopsy material and information 
from animal models of GN demonstrate that lesions often evolve from being neutrophil- to 
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Figure 3 
glomerulonephritis. Original magnification X400. 

Heavy infiltration of macrophages (by anti-CDh8) within the glomerulus in ANCA associated 

mononuclear cell-rich, reflecting changing expression over time of endothelial-expressed surface 
and secreted recruitment molecules. 

A. Neutrophils 

Neutrophils are the first tissue-infiltrating leukocytes at inflammatory sites. They cause tissue 
damage (68,b9) and recruit further waves of neutrophils and mononuclear cells (70). In patients 
with severe WG, Brouwer et al. (28) identified 7.4 +- 6.4 neutrophils per glornerular cross sec- 
tion. A high proportion of thesc cells, as measured by their ability to produce hydrogen peroxide 
(H202), were activated. In another study, the majority of neutrophils within the glomerulus wcre 
localized within capillary loops (29). 

B. Mononuclear Cells 

Macrophages and T cells are the major infiltrating cell types in established lcsions. Many accu- 
mulate within Bowman’s space, where together with proliferating parietal epithelial cells, they 
constitute crescents. Macrophages themselves may also proliferate within the glomerulus or 
Bowman’s space, driven by G-CSF (7 1). The natural history of a glomerular crescent is variable. 
It can either progress to fibrosis and scarring or resolve (72). One marker of crescent progression 
to fibrosis is disruption of Bowman’s capsule (73). Many of the T cells present are activated, as 
shown by expression of IL-2R- (74) and HLA-DR--positivity (75,76). Their presence suggests a 
role for cell-mediated immunity. Indeed, Cunningham et al. (77) have recently shown the pres- 
ence of T cells, the majority of which are memory cells, together with inacrophages and en- 
dothelial derived tissue factor (TF) in patients with ANCA-associated glomerulonephritis. Tissue 
factor has an important role in augmenting delayed-type hypersensitivity responses and is pro- 
duced by both inacrophages aid endothelial cells within the inflamed glomerulus. Unlike other 
studies that show a greater number of CD4+ than CD8-t cells, there were equal numbers of both. 
In animal models, crescentic glonierulonephritis can be induced by T cells sensitized to an anti- 
gen planted in the glomerulus (78). The in vitro evidence for antigen-specific T-cell proliferation 
in WG is reviewed below. 
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Mononuclear cells also accumulate in the tubulointerstitium in large numbers (6 1). The 
tubulointerstitium has a central role in disease progression in immune and inflammatory glomeru- 
lonephritis (66). In most renal diseases, damage to the tubulointerstitium is regarded as the best 
marker o f  likely progression to end-stage renal failure. 

Platelets have a role in the initiation of thrombosis within the glomerulus. Scanning electron mi- 
croscopy studies have shown the presence of platelets in interlobular vessels in vasculitic lesions 
of patients with early WG. These lesions were associated with intiinal disruption (79). Recently, 
evidence that platelets can be involved at the initiation o f  an inflammatory process has been sup- 
ported by data from Henn et al. (80). They showed that platelets rapidly express CD40 ligand on 
stimulation, which induces endothelium to secrete the chemokines IL-8 and MCP-1 and the ad- 
hesion molecules E-selectin, ICAM-1, and VCAM-I. These studies should encourage further 
work on the role of platelets in inflammation in WG. 

VI. -SPECIFIC T-CELL PROLIFERATION 

In vitro T-cells from WG patients proliferate to PR3. In 1995, Ballieux et al. (81) demonstrated 
increased proliferative responses of human T cells to purified PK3 and to azurophil granules of 
neutrophils, although the statistical analysis of these data has been criticized (82). In 1996, Grif- 
fiths et al. (83) showed that T cells froin patients with PR3-ANCA and MPO-ANCA proliferated 
in rcsponse to PR3 and MPO, respectivcly, and recently King et al. (84) showed significant pro- 
liferative responses to both heat-inactivated and native PR3 preparations, as well as to -granules, 
by T cclls isolated from patients with WG. Kesponscs to PR3 peptides were detected in one 
patient. 

T cells with highly restricted T-cell receptor (TCR) V gene usage may directly mediate au- 
toimmune diseases. Expanded and diminished populations of T cells using TCR V a  or Vp gene 
products are present in patients with WCi indicating exposure of patients to antigens with the abil- 
ity to stimulate and eliminate specific subsets of T cells (8.5). These T-cell expansions occurred 
more frequently in the CD4+ subset, the predominant population of tissue-infiltrating T cells in 
most studies on WG. Further support for a T-cell-driven process is provided by isotype switching 
of IgG antibodies in relapse and remission (86). A recent analysis of IgM autoantibodies to PR3 
from clonal lymphoblastoid cell lines derived from R cells from patients with WG showed cvi- 
dence of somatic mutations indicative of a selective maturation process, providing evidence for 
generation of antibodies by an antigen-driven process (87 j. 

Th 1 cells and their inflammatory cytokines, IFN-y and TNF-a, may have a critical role in the de- 
velopment of autoimmune disease. Th2 cytokines, such as IL-4, inay have a protective effect (88). 
Identification of a specific Th response in WG may direct development of novel immunotherapies 
to skew the Th response. 

Evidence is now accumulating for a Thl response in systemic WG. CD4+ WLAI)R+ cells 
froin patients with active WG exhibit 10-fold increased secretion of the Thl cytokine IFN-y when 
stimulated by anti-CD2/anti-CD28 compru-ed with stimulated cells from normal controls, but not 
of the Th2 cytokines IL-4, IL-5, and IL-10 (89). Monocytes from patients with WG also exhibit 
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increased production of IL-12, the major inducer of IlW-y. The Th2 cytokine IL-I0 has a dose- 
dependent blocking effect on TFN-y production by peripheral blood mononuclear cells from pa- 
tients with active WG. 

In T-cell clones generated from nasal biopsy specimens and brochoalveolar lavage (BAL) 
fluid from patients with generalized WG, Thl cytokine profiles predominate (90). Both poly- 
clonal CD4+ and CD&+ T cells from peripheral blood and RAL fluid produce Thl cytokines. This 
pattern of cytokine production may be promoted by activation-induced upregulation of the lig- 
ands B7-1 and B7-2 and lack of CD28 expression on T cells from patients with WG (91). CD28 
expression promotes the production of Th2 cytokines, and T cells from such patients also show 
altered CD4+/GD8+ ratios consistent with increased expression of B7 ligands on CD8+ cells. 

VIII. ELI 

The endothelium has a role in the pathogenesis of WG both as a target for injury and as an active 
participant in inflammation. Endothelid cell activation can be triggered by proinflammatory cy- 
tokines and other products of inflammation. including coagulation proteins and proteolytic en- 
zymes (92). In situ studies have identified evidence for EC activation in WG, particularly through 
expression of mediators that direct leukocyte trafficking (29,61,64,66), and the evidence for en- 
dothelium as a target for disease is reviewed above. 

Vascular endothelium from vessels of di fferent sizes and organs shows morphological and 
functional differentiation (93,94) and this heterogeneity of vascular endothelium may partly ex- 
plain why the systemic vasculitis of WG affects particular vascular beds. Also, leukocyte extra- 
vasation occurs at the level of postcapillary venuics in organs such as the skin, but occurs through 
capillaries in inflamed lung and renal glomeruli where space constraints suggest that leukocyte 
rolling cLvlnot occur (95) and higher intr~vascular pressures prevail compared with the postcapil- 
lary bed. It may be pertincnl that the kidneys, a major site of injury in WC, receive one-fifth of 
the cardiac output and have two capillary beds arranged in series-the glomei-ular and peritubu- 
lar beds. 

IX. INF 

Relapses o f  discasc often follow systemic infections (96), and nasal carriage of Staphylococcus 
uurms is a risk factor for development of relapse (97). Antibiotic treatment reduces the incidence 
of relapse in WG (98). The mechanism by which infection promotes relapse is unclear although 
several mechanisms may exist. Infection may promote cytokine production that is responsible for 
the local and systemic priming of neutrophils and activation of endothelial cells. S. aureus may 
act as a T-cell independent €3-cell mitogen to induce autoreactive B-cell ANCA production (99), 
or microbial superantigens may drive selective T-cell expansion. 

X. 

A number of genetic predispositions are possible determinants of disease occurrence and clinical 
course. The PiZ allele of the (a,-Pl) gene is the predominant genetic variant responsible for sub- 
normal concentrations of a,-PI (100). The a,-Pl is protective against the effects of proteolytic en- 
zymes released from leukocytes undergoing degranulation. Studies from Sweden and France 
have shown a high incidence of PiZ hetcrozygosity in patients with PR3-ANCA-positive vas- 
culitis (10 1,102). Carriage of the PiZ phenotype may be associated with more generalized vas- 
culitis and the risk of a fatal outcome (103). It is unclear, however, if carriage of the PiZ gene is 
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a risk factor for the occurrencc of WG. Allelic differences in FcyRII receptors could account for 
differences in the magnitude of the oxidative bursts (20), although this has not been substantiated 
(104). 

There are conflicting data on the association of WG with specific HLA antigens. Most stud- 
ies were performed in a limited number of patients and associations have been described with 
HLA-BS (1 OS), -DR2 (106), DR1-DQ1 (107) and -DQ7 antigens (108). In some studies, no as- 
sociation has been demonstrated ( 1  09). The largest study of HLA antigens was performed in two 
centers in the Netherlands (1 10). This showed a significant decrease in frequency of HLA-DR13 
in patients with WG when compared with controls. The authors speculated a protective role for 
HLA-DR13 against the development of systemic vasculitis, possibly through modulating the re- 
sponse of autoreactive T cells. 

XI. ANIMAL MODELS 

There are no models of noninfeclive granulomatous systemic disease with vasculitis that are 
analogous to WG. There are several other models of ANCA-associated disease, and these have 
recently been the subject of a detailed review (1 11). Collectively, they indicate a role for priming 
by infection (1 12), ischemia, and reactive oxygcn intermediates in triggering disease ( 1  13,114). 
One model proposed as specific for WG is based on the generation, in mice, of antiidiotype and 
anti-antiidiotype antibodies following injection with affinity-purified human anti-PR3 JgG (1 15). 
These animals develop sterile pulmonary microabscesses and die between 8 and 15 months after 
immunization. Although antibodies from these animals induce adhesion of human neutrophils 
and trigger a respiratory burst, it has not been demonstrated that they recognize mouse PR3 (1 16). 

XII. CONCLUSIONS 

There is no clear evidence for the cause of WG, although many speculate that the disease may be 
triggered by infection in genetically susceptible individuals. The evolution from limited disease 
to a systemic process is of particular interest; interactions of ANCA with neutrophils may be cen- 
tral to this process but evidence for a role at disease onset is limited. Recent work increasingly 
demonstrates cell-mediated immune processes and this area will rcmain a focus of intense inter- 
est. 
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I. EPIDEMIOLOGY AND SOCIOECONOMIC IMPACT 

Wegencr’s granulomatosis (WG) affects at least 1 in 30,000 people in the Unitcd States (1). A ret- 
rospective review of hospitalizations in a Norwegian community suggested that prevalence in that 
country may be as grcat as 1 in 20,000 (2). The great majority of patients are adults, although in- 
dividuals of all age groups can be affected. Most large studies do not rcvcal significant gender dif- 
ferences (3-5). Although WG is recognized predominantly in Caucasians, it also occurs in per- 
sons of all other ethnic and racial backgrounds. African-American patients are relatively 
underrepresented, comprising less than 8% of patients in the United States, while contributing 
1 1 % of the general population. 

Limited information is available about the geographical distribution of WG. In one survey 
that assessed cases per regional address (zip) codes in New York State, it was apparent that the 
prevalence of disease was clearly higher (up to 7 per 100,000) in certain counties cornpared with 
others where no cases were identified. It is uncertain whether apparent clustering of cases reprc- 
sents common exposurc to important disease precipitants (1). Rigorous epidemiological investi- 
galions to identify environmental agents that may play a role in causing disease have not been 
conducted. Predominant involvement of the airways and the presence ol  neutrophilic alveolitis at 
disease onset has led to speculation that an inhaled agent may trigger disease expression. A re- 
cent case-controlled study compared 101 patients with WG with healthy individuals and other pa- 
tients with chronic diseases. A standardized interviewer-administered questionnaire was used in 
an attempt to identify unique environmental exposures, particularly “inhalants,” that patients may 
have noted prior to disease onset. Although striking differences were not apparent among people 
with WG, healthy controls, and discases othcr than WG, there were statistically significant dif- 
ferences in regard to WG patients having a greater degree of exposure to fumes, insecticides, and 
particulate airborne matter (6). Others have suggested that inhalation of silica and grain particles 
may increase the risk of developing WG (7-9). Speculation about respiratory infections being a 
trigger for WG has been advanced since 1931 (10-13). A very provocative observation in this re- 
gard has been made in patients with established WG, who have nasal carriage of StaphyZocnccus 
aureus. These individuals had a sixfold increase in disease relapse, compared with patients in 
whom chronjc nasal carriage of S. aureus did not occur ( 1  4). The authors have made an arb wmeiit 
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for S. aureus playing a role in relapse, but not in causing initial disease expression. Whether in- 
fections or noninfectious environmental exposures are significant in initiation or perpetuation of 
WG is uncertain. At least as important is the possibility of there being unique abnormalities of 
host responses to exogenous factors. 

Rcports of mortality in WG have varied considerably, in part because o€ differences in study 
methods, particularly inclusion criteria and treatment. In the Uniled States, a national and New 
York State survey noted that hospitalization for WG was associated with a 10-1 1 % mortality ( I ) .  
In a similar survey from the United Kingdom, 50% mortality was noted over a 12-year follow-up 
period (5). In studies where care is provided by specialty units, uniquely devoted to serving pa- 
ticnts with vasculitis, mortality from disease or treatment has been reported to be as low as 
12-1 3% over mean or median follow-up periods or 7-8 ycars (3,I 5) .  As might be expected, pa- 
tients who are elderly (greater than 50-60 years) tend to be less resilient in coping with both dis- 
ease and treatment. MortLality tends to be higher in this group then among younger individuals. 
The most common cause of death has become secondasy infection (15,lCi). 

Although once considered a disease with almost certain short-term mortality, treatment has 
converlcd WG into a chronic illness, for which there is now recognized signifcant morbidity, both 
from illness arid from treatment. Consequently, assessment of disease impact should not be re- 
stricted to only analyses of mortality. A survey of patients who have had disease for a median of 
5 years noted that approximately 80% required continued immunosuppressive therapy for main- 
tenance of disease control or remission, 80% had to modify normal activities of daily living, and 
50% who were employed at the time of diagnosis needed to modify their job requirements or ac- 
cept total disability (31 %). Within 1 year of diagnosis, patients suffered a 26% reduction in in- 
come as a result of these changes. Extrapolation of the costs of hospitalization and the impact of 
partial or complete disability suggested that the financial impact of WG in the United States con- 
siderably exceeded $30 million per year, These figures from the United States do not take into ac- 
count the cost of outpatient care or the impact of deaths, which occur in approximately 10% of 
patients who are hospitalized for WG nationwide (17). 

II. CLINICAL FEATURES 

WG can mimic many other disorders-clinically, radiographically, and pathologically. The diag- 
nosis is highly likely if patients present with typical features of disease affecting the upper respi- 
ratory tract, lungs, and kidneys, have a biopsy with distinctive histopathological features, and their 
sera contain antineutrophil cytoplasmic antibodies (ANCAs). However, many patients do not haw 
classical leaturcs at disease onset. Early manifestations may be diagnosed as sinusitis due to al- 
lergy or infection, pneumonia, lung cancer or other malignancies, rheumatoid and other forms of 
arthritis, or idiopathic nephritis. In such cases, the diagnostic challenge may be considerable. 

Along with the classical clinical-pathological triad of nerrotizing iqflummation with grun- 
ulomus and/or vusculitis of the upper and lower respiratory tract, plus glomerulonepla 
may also involve joints, skin, peripheral ncrves, skeletal muscle, heart, brain and eyes (Fig. 1). A 
strict diagnosis of WG depends on (1) characteristic clinical signs and symptoms, (2) histologi- 
cal demonstration of characteristic features that cannot be attributed to infection, and/or (3) coin- 
patible clinical features and the detection in serum of ANCAs (usually “C,” cytoplasmic type, and 
antibody specific for proteinase 3, PR3). The diagnosis should not rely on any onc of these vari- 
ables alone. The yield of linding classical histopathological features of WG varies with the site 
and size of biopsy. The ANCA sensitivity varies (50-75%) depending on disease severity and dis- 
tribution of organ involvement, cspecially in regard to glomerulonephritis, whercin ANCA is usu- 
ally positive. 
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Figure 1 The clinical spectrum of Wcgener’s granulomatosis. 

Upper airway and focal pulmonary features may evolve over several months iu1d even 
years, only later to be followed by the overt presentation of severe systemic disease, including 
glomerulonephritis. In cases that evolve slowly or remain localized to the upper airway (approx- 
imately lo%), the diagnosis WG inay not be made until some time after upper airway presenta- 
tion, failed therapies with antibiotics, or after a biopsy reveals features that suggest WG. 

On the other hand, WG may occasionally present without obvious ear, nose, and throat dis- 
ease or pulmonary nodular lesions. The first manifestations may be a severe pulmonary-renal 
syndrome. In this regard, it is important to realize that there are overlapping fcatures shard by 
WG and microscopic polyangiitis (MPA) (Chapter 24) (e.g. glomerulonephritis, skin vasculitis, 
pulmonary infiltrateslvasculitis) that may not allow clear distinction of these diseases, unless 
upper airway disease becomes apparent or a biopsy reveals granuloma. 

Nasal and sinus rnmiff?stations include obstruction (mucosal swelling), pain, serosan- 
guinous or purulent discharge and epistaxis. Examination may reveal mucosal irregularity (“cob- 
blestone’’ or “granular” appearance), ulcers, thick crusts, friable mucosa and septal perforation. 
In many patients, the clinical diagnosis can be confirmed by characteristic findings in a biopsy 
(18,Ig). Facial pain due to sinusitis and nasal chondritis with swelling or collapse of the nasal 
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Figure 2 Nasal deformity (“saddlenose”) that has resulted from chronic destructive inflammatory 
changes in Wegener’s granulomatosis. This deformity may be mimicked by similar changes that are seen in 
relapsing polychondritis. 

bridge (“saddle nose”) may appear early or late in the course of the illness (Fig 2). In the oral cav- 
ity and ompharynx, gingival involvement can lead to ulcerative stomatitis, hyperplastic gingivi- 
tis, or lingual ulcerations. 

Laryngeal (subglottic) symptoms such as pain, hoarseness, cough, dyspnea, wheezing, 
and/or increasing stridor are frequently due to reddish, friable, circumferential narrowing just 
below the vocal cords. In time, such lesions may become a bland cicatrix. 

Otological manifestations include chondritis, serous or suppurative otitis media, mastoidi- 
tis, vertigo, and sensorineural deafness (20,21). 

Eye disease may be due to nasolacrimal duct inflammation and obstruction, episcleritis, 
scleritis, retroorbital masses or pseudotumors that cause proptosis, compression of the optic nerve 
and blindness, or entrapment of extraocular muscles, leading to diploplia (Fig. 3). Less fre- 
quently, orbital involvement may result from the spread of purulent bacterial sinusitis. Wegener’s 
granulomatosis may also involve the retinal arteries, leading to profound visual loss or field cuts. 
(22-24). 

Lung involvement includes bronchial stenosis, which may cause atelectasis and/or obstruc- 
tive pneumonia. Single or multiple pulnionary nodules, with or without cavitation, may be symp- 
tomatic or asymptomatic (Fig. 4a) (3,25-27). Pulmonary capillaritis/alveolitis may be associated 
with diffuse lung hemorrhage and severe respiratory insufficiency. The three most consistent fea- 
tures for recognition of alveolar hemorrhage are hemoptysis, infiltrates on the chest 
roentgenogram, and anemia. Plain radiographs and computerized axial tomography (CAT) scans 
typically show an alveolar or mixed alveolar-interstitial pattern (Fig. 4b). A distribution like that 
in pulmonary edema is most common, but focal and sometimcs migratory shadows are also ob- 
served. 

Nervous system diseuse can be due to vasculitis, mass-like lesions or extension of lesions 
from contiguous sites, e.g., ears, nose, and throat (ENT). Lesions that originate in the sinuses and 
middle ear may spread by direct extension to the retropharyngeal area and base of the skull. This 
can lead to cranial neuropathy, proptosis, diabetes insipidus, or meningitis (28-30). 
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Figure 3 (a) CAT scan image of a left retro-orbital pscudoturnor that has caused restriction ofextra-ocu- 
lar muscles. When asked to look to the left, the patient (b) is unable to abduct the left eye. 

Figure 4 (a) CAT scan of the lung demonstrates mullifocal nodules, including a left posterior lesion with 
early cavitation. (b) Reveals rnultifocal areas of diffuse pulmonary infiltrate, which on biopsy revealed pul- 
monary hemorrhage, capillaritis and necrosis. Among patients who have an established diagnobis of 
Wegener’s and are receiving immunosuppressive therapy, this presentation needs to be distinguished from 
opportunistic infection or drug-induced pneumonitis, secondary to agents such as methotrexate or cyclo- 
phosphamide. 

Musruloskeletal jeutures of WG are quite pleomorphic and can be the source of diagnostic 
consternation. In some series, myalgias and/or arthralgias, frank arthritis and/or myositis repre- 
sent the second most frequent symptom complex (after ENT-region symptoms) in WG. These 
rheumatic manifestations may occur in up to two-thirds of patients. In one large series, 28% had 
nonerosive and nondeforming polyarthritis. Sacroiliitis was found in 3 of 50 and polychondritis 



386 Hoffman and Gross 

in 2 of 50 WG patients. Rheumatoid factor was present in half of the patients tested. In the 
Lubcck, Germany, cohort of 186 patients, episodes of arthalgia, myalgia, or arthritis occurred as 
the presenting symptom in two-thirds of cases and over time occurred in three-fourths of all cases, 
The most common complaint was myalgia (45%), followed by frank arthritis (2 1 %), mainly in 
the larger joints (monoarthritis, 10%; oligoarthritis, 5%; polyarthritis, 6%). Joint pain can follow 
a migratory or additive pattern and can be mild or profound and even disabling. When an addi- 
tive, symmetric pattern occurs, it is frequently misdiagnosed as rheumatoid arthritis. This error i s  
often reinforced by the high frequency of rheumatoid factor in WG. Approximately 90% of pa- 
tients with rheumatic symptoms have a generalized form of the disease, oftcn associated with 
overt features of vasculitis (3,31-34). 

Skin involvement may occur as palpable purpura due to leukocytoclastic vasculitis. Tender 
subcutaneous nodules, papules, livedo reticularis, and pyoderina gangrenosum are less common 
and rnay rarely be a presenting feature (35,36). All patients who present with any type of cuta- 
neous vascuiitis should be evaluated for ENT, pulmonary, renal, and other visceral features of dis- 
ease. 

In many patients who appear to have regional ENT disease, a transition to a more general- 
ized and even fulminant course may be heralded by constitutional symptoms, such as weight loss, 
fever, and night sweats. Such symptoms may be associated with striking laboratory abnormali- 
ties, including markedly elevated erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP), leukocytosis, and thrombocytosis. Life-threatening or critical organ-threatening disease 
may at first become manifest by widespread palpable purpura, pneuinonitis, pulmonary hemor- 
rhage, peripheral neuropathy, or glomerulonephritis. Glomerulonephritis may lead to dialysis 
dependency within several days to weeks. In fulminant WG, all of these features can occur si- 
multaneously or in rapid sequence. In the absence of rapid diagnosis and immediate immuno- 
suppressive therapy, this disease presentation is immediately life-threatening. Most patients fol- 
low a clinical course between the extremes of having a regional disease pattern vs. fulminanl 
generalized disease. 

The pulmonary-renal prcsentation of WG can often be distinguished from other pul- 
monasy-renal syndromes by obtaining information about prior or persistent upper airway 
involvement. In addition, imunohistochemistry on lung biopsies (e.g., via bronchoscopy) or kid- 
ney specimens in WG reveal a few or no immunc deposits, thus excluding immune complex- 
mediated and anti-basement membrane antibody-mediated pulmonary and pulmonary-renal vas- 
culitic syndromes. Most patients with such “pauci-immune” pulmonary-renal vasculitic syn- 
dromes have either C-ANCA (Ah usually directed to proteinase 3, is., PR3-ANCA) or P-ANCA 
(Ah usually directed to myeloperoxidase, i.e., MPO-ANCA) (25,27,36-38). It is noteworthy that 
very similar lesioiis can be due to another ANCA-associated vasculitis, microscopic polyangiitis 
(39-42). Microscopic polyangiitis is most often associated with antibodies to MPO. In addition, 
unlike WG, MPA is not characterized by chronic upper airway injury or pulmonary nodules. 

111. LABORATORY FINDINGS 

Until 1985, no laboratory test existed that was highly specific for WG. Disea5e activity was eval- 
uated according to the clinical picture and serological markers of in$ummation (ESR, CRP). In 
addition, the degree of anemia, leukocytosis, occasional mild to moderate eosinophilia, and 
thrornbocytosis crudely correlated wjth the disease activity. Wegener’s granulomatosis patients 
with regional ENT abnormalities may have little to no abnormalities of routine laboratory pa- 
rameters, compared with those with severe systemic illness, who often have profound changes, 
which might include “leukemoid” reactions. 
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In contrast to the larger family of systemic autoimmune diseases, patients with WC usually 
lack ( 1  ) antinuclear antibodies (ANAs), (2) evidence for complement consumption, and (3) cryo- 
globulins. However, rheumatoid factor is present in up to 60% of patients. The most important 
routine laboratory study in patients with WG is the urinalysis. An abnormal urinc may bc the first 
sign of glomeivlonephritis, and occurs prior to a rise in serum creatininc. 

Antineutrophil cytoplusmic antibodies were first reported in 1982 in patients with glonieru- 
loncphriiis, who lacked evidence of immune deposits. Subscyuent work by a Danish-Dutch col- 
laboration (43) delineated an association between a certain type of ANCA (C-ANCA) with WG. 
The clinical utility of C-ANCA as a diagnostic marker for WG was recently confirmcd in a large 
prospective European study that utilized sera from vasculitis and control patients (sensitivity 
60%, specificity 95%) (44). However, in another prospectivc single-center study in which ANGA 
was employed as a routine screening test for WG (defined according to American College of 
Rheuinatology criteria) in patients with unproven, but initially suspected vasculitis, the sensitiv- 
ity of C-ANCA was only 28% (98% specificily for WG). The sensitivity rose to 83% if the diag- 
nosis of WG was supported by biopsy features that were characteristic of the disease (45). A 
meta-analysis of 15 studies comprised 13,652 patients, of which 736 had WG. Thc pooled sensi- 
tivity of ANCA for WG was 66% and specificity was 98% (46). Takcn together, these data show 
that the value of ANCA testing is limited by a rather low sensitivity. The greatest utility of ANCA 
testing may be iii patients with suspected WG, in whom the pretest probability of disease is high 
(47). Proper testing should always include antigen-specific reactivity (e.g., PR3, MPO, or other 
antigens). Rising titers should alert the clinician to an increased risk of exacerbations. However, 
flaws in thc association of tiler change and disease activity have led to recommendations not to 
utilize ANCA titers alone as ‘an indication to alter therapy (48-50). 

IV. HlST Y 

For a long time, it was believed that open biopsies of pulmonary lesions were necessary to obtain 
adequate specimens for histopathological demonstration of WG. Howcver, the majority of WG 
patients present first with syniptoms involving the upper airway. Although all of the characteris- 
tic histological features of WG may not be present in the majority of ENT biopsies, important rl j- 
agnostic information can bc found in nasal and sinus specimens, especially when infection and 
malignancy have been ruled out. 

The characteristic pathological features of WG are granuloma formation, with histiocytic 
epithelioid cells, often including giant cells. Additionally, plasma cells, lymphocytes, neutrophils, 
and sometimes eosinophils may be present ( 5  I). Vessels can be involved in the form of nongran- 
ulornatous or granulomatous arteritis, phlebitis, perivasculitis, or giant cell vasculitis (10,52), 
Fienberg (53) has described pulmonary lesions, in the absence of vasculitis, as an “idiopneurnonic 
patheigic granulomatosis” (54). Micronecrosis, usually with neutrophils (microabscesses), con- 
stitutes the early phase in the development of organized palisading granuloma. There i s  then a 
progression of disease from micronecrosis to macronecrosis (= widespread necrosis), and then to 
fibrosis (55). Areas of macronecrosis may be surrounded by palisading histiocytes or diffuse 
granulomatous tissue (Fig 5) .  

The inicroscopic findings in the kidneys are also quite varied. Here too, the above-described 
vascular lesions and disscminated granulomas can be occasionally found. However, much more 
common is proliferative crescentic focal glornerulitis (56) with necrosis and thrombosis of indi- 
vidual loops or larger segments of the glomerulus. Sometimes almost all glomeruli arc destroyed, 
and this is acconipanied by capsular adhesion and proliferation (Fig. 6). Tii some instances, a dif- 
fuse, is . ,  extracapillary, mesangioproliferative glomenrlonephritis may be observed as well. 
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Figure 5 Lung biopsy in Wegener’s granulomatosis: Within the same biopsy, onc might find different 
pathological characteristics of disease such as necrotizing vasculitis (a, 1 OOX), geographic necrosis (b, 
100X) for which the borders of necrotic tissue appear to have the irregularity of continents or regions on the 
map and granuloma formation that often includes thc presence of giant cells (c, 400X magnification). 

Figure 6 lienal disease in Wegener’s granulomatosis: The most common early histopathological lesion is 
focal segmental glomerulonephritis (a), which when properly treated may not progress to chronic renal im- 
pairmcnt. Howcvcr, when crescentic, necrotic, and sclerotic changes have already occurred (b), restoration 
of riortnal renal function even with aggressive treatment is unlikely. Occasionally frank vasculitis (c) of 
medium-sized intrarenal vessels may be seen as well. (Reproduced with permission of authors and publish- 
ers. Hoffman CS. Wcgener’s granulomatosis. In: Rheumatology, 2nd ed. S1. Louis: Mosby.) 
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V. TREATMENT 

Once it has been determined that a patient has WC, treatment can be customized to suit unique 
clinical circumstances. At one time, it was believed that all patients with WG had immediate life- 
threatening disease that justified an aggressive approach, generally consisting of high-dose daily 
corticosteroids plus daily cyclophosphamide. This approach was based upon older literature that 
had documented 50% mortality at 5-month and 82% mortality at 1 -year follow-up in patients who 
had not received any treatment (57). Median survival time of 12.5 months had been reported among 
patients treated with only glucocorticoids (58). There is no question that aggressive therapy with 
prcdnisone (approximately 1 mg/kg/day) and cyclophosphamide (approximately 2 mg/kg/day) 
dramatically changed the prognosis, such that in the most encouraging of series, 8046% survival 
was observed 7-8 years from the time of diagnosis and treatment (3, IS). In addition, in a large Na- 
tional Institutes of Health (NIH) series, 75’30 of all trcated patients achieved complete remission 
and almost all patients experienced marked improvement (3). However, over the ycars, we have 
learned a great deal about the treatment of WG. There are miarked variations in presentation, course 
of illness, and tendency for disease to relapse. There is also profound morbidity that has resulted 
from having converted WG to a chronic disease that often requires extended treatment with po- 
tentially dangerous medications. 

The obscrvation that at least 20% of patients may have WG restrictcd to the upper airway 
and have a course of illness that is indolent has led to questions about the utility of less aggres- 
sive pharmacological treatment. It has been suggested that trimethaprim/sulfamethoxizolc might 
be an effective means of treating mild forms of WG that do not produce serious critical-organ- 
system involvement, such as pulmonary hemorrhage or glomerulonephritis (59). Anecdotal re- 
ports initially appcarcd to support the notion that such treatment was effective. However, subse- 
quent studies suggested that if such is the case, the frequency with which antibiotic therapy 
produced remission was low and such treatment should not be considered as the principal means 
of therapy in patients with serious organ system disease (60,61). Similar conflicting data have 
been reported in regard to the same antibiotic therapy being effective in reducing the frequency 
of disease relapses, following induction of remission with more conventional therapy (14,62). At 
present, the role of antibiotic therapy in treating disease or maintaining remission is uncertain and 
controversial. 

During the late 1980s and early 1990s, increasing numbers of reports were being published 
supporting the utility of methotrexate (MTX) in mild forms of WG, defined as not including dif- 
fuse pulmonary hemorrhage or rapidly progressive glomemlonephrilis. Methotrexate had been 
shown to be immunosuppressive in regard to decreasing B-cell number and function, suppress- 
ing neutrophil leukotriene and superoxide production, and impairing chemotaxis and neutrophil 
adhesion to endothelial cells (63-70). It has subsequently been demonstrated that certain patients 
who do not have immediately life-threatening disease can be effectively treated with daily corti- 
costeroid and weekly MTX therapy (62,7 1,72). The best results have been reported when patients 
received 0.3 mg/kg as an initial dose (not to exceed 15 mg once a week), which was gradually in- 
creased to 20 to 25 mg per week, as tolerated. Because MTX is excreted through the kidneys, 
doses were reduced in the setting of renal impairment and MTX was considered lo be con- 
traindicated if serum creatinine exceeded 2.5 mg/dL. The combination of corticosteroids and 
MTX, provided in this fashion, resulted in 7 1 % of patients achieving remission of  disease, and an 
additional 12% having marked improvement. Udortunately, approximately 40% of patients cx- 
perienced relapses at 2-year follow-up, during which time glucocorticoids were tapered and dis- 
continued, and/or MTX was tapered to <15 mg per week. Approximately 5% of patients on this 
regimen developed MTX-associated pneurnonitis. Although there are clear limitations to the util- 
ity of MTX, it has emerged as a reasonable alternative to cyclophosphamide in the treatment of 
patients with milder forms of disease. 
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Attenipts to minimize the toxicity of cyclophosphamide and still retain its striking benefits 
led to studies of high-dose monthly intravenous cyclophosphamide. The results of such studies 
have been discordant and controversial. In general, most reports have agreed that high-dose in- 
travenous cyclophosphamide is capable of producing either marked improvement or remission in 
the great majority of patients in whom it is provided. However, several investigations have 
demonstrated an unacceptably high relapsc rate in the course of tapeiing corticosteroids and/or 
decreasing the frequency of cyclophosphamide therapy to less than once monthly (73,74). 0th- 
ers have suggested that both means by which cyclophosphamide may be administered provide 
comparable results (75,76). Although this area remains one of significant controversy (77), all au- 
thors would agree that when WG presents as an immediately life-threatening illness, it is critical 
to induce remission with the most effective therapy available (cyclophosphamide) and later sus- 
tain remission with an effective and safer form of therapy than cyclophosphamide. 

This goal has been successfully approached by three different groups who have recently 
demonstrated that induction of remission with cyclophosphamide (daily therapy) may be effec- 
tively followed by converting cyclopliosphamide, after several months, to either NITX (62,78) or 
azathioprine (79). This slralegy has led to remission induction and maintenance of remission in 
over 80% of patients followed for periods of 1 1/2 to 2 years. Additional studies have continued 
attempts to identify other effective forms of therapy. Mixed results have been reported with ad- 
junctive use of intravenous immunoglobulin (80-83). 

Increasing appreciation for the role of mononuclear cells in initiating and perpetuating WG 
has led to new experimental therapies. 1,udviksson et al. (84) have demonstrated that CD4+ T 
cells and monocytes from patients with active disease express much higher concentrations of T- 
cell and monocyte activation markers than noted in either patients with WG in remission or nor- 
mal controls. Different experimental approaches have demonstrated that CD4+ and CD8+ T cells 
from granulomatous lesions in the nose and from bronchoalveolar lavage express increased quan- 
tities of the Thl cytokine interferon-y (nnV-y) (84a). Kobold et al. (85)  have also demonstrated 
close correlation between disease activity and plasma concentrations of interleukin-6 (IL-6) and 
the unique monocyte activation product, neopterin. It appears that the Th1 lymphocyte pathway 
is particularly favored during active WG, resulting in increased concentrations of tumor necrosis 
factor-a (TNF-a) and interferon-y (Thl cytokines). The combination of these cytokines and ac- 
tivation of monocytes (producing IL- I ,  1L-12 and IL-18) are important components to setting the 
stage for granuloma formation, Thl cytokines are effective stimuli for neutrophils, leading to 
their activation, which results in expression of neutrophil cytoplasmic ‘antigens on the cell sur- 
face, where they are accessible to ANCA (Fig. 7). These interrelationships suggest that interfer- 
ing with either monocyte and/or Thl lymphocyte activation might be palliative in the treatment 
of WG. Trials of IL-10 (an inhibitor of monocytcs) and etanercept (TNF-a receptor-fusion pro- 
tein) are currently in clinical trials. These are exciting opportunities that may provide more 
selective, and hopefully less toxic, therapies for patients with WG. A great deal of work will be 
required before investigators will be able to determine efficacy, as well as the potential conse- 
quences of diminishing immune surveillance. 

VI. GENERAL PRINCIPLES OFTHERAPY 

It  is obvious that provision of early proven thcrapy for WG is critically important. However, under 
the best of circuinstances, in thc sctting of units dedicated to only the treatment of vasculitis, sig- 
nificant permanent morbidity still occurs. In a large series from the National Institutes of Health 
(3),  86% of patients had clinically important persistent morbidity from the effects of disease and 
42% of patients had permanent morbidity that was attributed directly to therapy. Rapidly pro- 
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Figure 7 Current conccpts about the pathogenesis of Wegener’s granulomatosis. Increasing emphasis on 
the Thl pathway has led to ongoing treatment trials that focus on Thl inhibition. 

gressive renal failure and dialysis can be avoided when the diagnosis is immediately suspected 
and appropriate treatment yuickly provided. However, in those instances where acute need for 
dialysis occurs, effective therapy may still result in important recovery of renal function in 
22-70% of patients followed for at least 3 years (86-89). Whether plasmapheresis provides ad- 
ditional benefit to the usual therapies provided for WG is uncertain. Two controlled trials have 
produced opposite results (90-92). 

Providing excellent care For patients with WG, who usually have multisystem disease, not 
only requires internal medicine subspecialists who are familiar with the immunological, rhcuma- 
tologicd, renal, and pulmonary complications of the disease, but also surgical colleagues. This is 
obvious in regard to patients who require lung biopsies, sinus drainage procedures, myringotomy 
tubes, hearing aids, surgical intervention for subglottic stenosis, ophthalmological care for orbital 
or retroorbital disease, and renal transplantation. 

Also, ENT surgical consultants can be of great benefit in educating patients about the im- 
portance of nasal and sinus “hygiene,” including irrigation of sinuses with cleansing solutions to 
minimize crusting and secondary S. aureus superinfection. The treatment of subglottic stenosis is 
particularly dil’ficult in WC. Subglottic stenosis develops in about 23% of patients, of whom ap- 
proximately one-fourth may require tracheostomy. Until recent years, only modest degrees of pal- 
liation were achievcd with various means of dilatation. The advent of intralesional injection of 
long-acting corticosteroids, combined with gentle progressive dilatation has led to marked im- 
provement in outcomes (93). 

Engaging thc services of a urologist may be extremely important in the care of patients who 
have been treated with daily cyclophosphamide and have developcd hcmaturia that might not be 
related to glomcrulonephritis. Although daily cyclophosphamide may be life-saving therapy, it is 
responsible for a 50% frequency of cystitis in patients who have received chronic therapy. In ad- 
dition, 5% of patients treated in this fashion have been noted to develop transitional cell carci- 
noma o€ the bladder at 10-year follow-up and are expected by Kaplan-Meier projections to have 
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a 16% frequency of bladder cancer at 15-year follow-up. Because herndturia appears grossly and 
microscopically the same whether it be from cystitis or bladder cancer, the distinction between 
etiologies requires cystoscopic evaluation and biopsy. Dependence on only urine cytology is in- 
adequate. The limitcd sensitivity for findings of dysplasia (43%) or atypia (29%) in bladder can- 
cer does not allow for a high degree of confidence in ruling out malignancy (94). 

Physicians who care for patients with WG should recall the potential enduring mutagenic 
effects of cytotoxic medications that are currently in use. In addition to causing a marked increase 
in the risk of bladder cancer (33-fold increase), cyclophosphamide therapy is also known to in- 
crease the likelihood of lymphomas (1 1-fold increase), leukemia, and myelodysplasia (3) .  The la- 
tency period between treatment and manifestations of these abnormalities can be years, even long 
after cyclophosphamide had been discontinued. 

The patient can play an important role in maximizing chalices for a good outcome. For 
those patients who do not have an abnormal urine sediment, i t  is advised that physicians or nurses 
teach patients how to dipstick their own urine to detect blood and protein. At the first indication 
of hematuria, the patient should be instructed to notify their physician. It is then imperative for 
the physician to examine a fresh urine sediment for evidence of red blood cell casts, which are 
highly suggestive of new-onset glomerulonephritis. Relapses from renal disease or new-onset 
renal disease is usually a clinically silent process. Renal relapses may occur in the absence of ev- 
idence of disease activity in other organ systems. It is reasonable to ask the patient to routinely 
dipstick their urine every 2 weeks. Patients and physicians should emphasize the importance of 
access to the treating physician. It should not be assumed that upper respiratory or pulmonary 
symptoms are due to the same process that is “going around” the family or the work environment. 
New onset or worsening of musculoskeletal symptoms should also not be assumed to be “old age 
arthritis” or poor conditioning. 

VII. PNEUMOCYSTIS CARIN11 PNEUMONIA 

Unless prophylaxis against Pneumocystis carinii pneumonia is provided, 6% of patients treated 
with aggressive imrnunosuppressivc therapies for vasculitis will develop this life-threatening 
complication. The high mortality rates of iinmunocompromised hosts who experience this infec- 
tion have led to recommendations for Pneurnocystis prophylaxis in the setting of severe systemic 
autoimmune disease treated with cytotoxic agents and corticosteroids in doses that are likely to 
produce sustained lymphopenia (95,96). 

VIII. RENAL TRANSPLANTATION 

A past history of WG is not a contraindication to renal transplantation. Such therapy should be 
considered when the potential recipient has experienced sustained remission on little or no im- 
munosuppressive therapy. Although only limited information on renal transplantation in WG is 
available, the data suggest that prognosis for renal and patient survival is comparable to that in 
other transplant populations (97-99). 

IX. SUM~ARY 

Medical progress during the past 30 years has dramatically altened the course of WG. Life-sav- 
ing, albcit toxic, therapies are better understood and protocols have been modified to reduce the 
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risks of treatment with corticosteroids and alkylating agents. Studies are in progress that explore 
the utility of biological agents that may have precise inimunoregulatory effects, and lack the tox- 
icities of current therapies. 
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I. INT CTI 

Churg-Strauss syndrome (CSS) was first described in 195 1 (1) from an autopsy series ofpalients 
thought to have been affected by polyarteritis nodosa (PAN). The main eharactcrisitics of the dis- 
ease were the presence of asthma, eosinophilia, and histopathological manifestations comprising 
vasculitis of small-sized vessels, arterioles, aiid venules associated with granuloma. Churg- 
Strauss syndrome is now considered to be a well-defined vasculitis, clearly distinct from other 
small- andor medium-sized-vessel vasculitides. In this chapter, we review the clinical aspects, 
outcome, and treatment of C S S .  

Different systeins have been devised and, for CSS, all of them can be applied adequately for clas- 
sification purposes. The American College of Rhcumatology (ACR) described a group of clinical 
and biological symptoms that are shown in Table 1 (2). In the Chapel Hill Nomenclature (3), CSS 
is included among the group of small-sized vessel vasculitides. Other criteria, described by Lan- 
ham et al. (4), are really useful €or diagnosis. These cn'tcria arc the association of asthma, pe- 
ripheral blood eosinophils >1500/mm3 and symptoms of systemic vasculitis involving at least two 
extrapulmonary sites. In most, but not all, patients CSS is associated with the presence of anti- 
neutrophil cytoplasm antibodies (ANCAs). The ANCAs seem more often lo be observed in srnall- 
vessel vasculitis but, unlike Wegener's granuloinatosis where cytoplasmic (anti-proteinasc 3)- 
ANCA are found (3, thc fluorescence pattern is perinuclear (p-) and mtiinyeloperoxidase (MPO) 
antibodies are found in the majority of ANCA-positive patients. 

111. 

Churg-Strauss syndrome is arare disease and very few descriptions of large series have been pub- 
lished. Recently, we reported on a series of patients observed over 32 years (6) and the Mayo 
Clinic has reported its experiencc with CSS from 1974 to 1992 (7). 

In Norwich County, United Kingdom, the annual incidence of the disease, measured bc- 
tween 1988 and 1994, was 2.4 per million inhabitants (8). When the incidence of CSS was com- 

9 
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Table 1 Chwg-Strauss Syndrome: 1990 Criteria of the American College of Rheuniatology 

Asthma 
Blood eosinophilia >lo% 
History of allergy 
Mononeuropathy or polyneuropathy 
Pulmonary infiltrates, nonfixed 
Paranasal sinus abnormality 
Extravascular eosinophiis on biopsy 

Four or more of the 6 items listed here can be used for the classificahon of Churg-Strausa syndrome. 

pared between urban areas and the countryside, the authors noted that 5.1 per million in rural 
areas were afYected with CSS vs. 1.8 per million in urban areas. The authors postulated a role for 
pollens or pesticides in disease pathogenesis. 

If we consider the published series of vasculitides, formerly called the “PAN-group’’ (9), 
1 &26% of the patients presented with CSS (10-14). In the prospective series of the French Vas- 
culitis Study Group, CSS was present in 19.1 c/o of patients (1 2,15,16). According to Lie’s patho- 
logical analysis (17), only 40 of 1337 autopsied patients with vasculitis had CSS. 

The mean age of occurrence of CSS is 48.2 t 14.6 years at the time o f  diagnosis (6). Age 
of occurrence is lower than for PAN or microscopic polyangiitis (MPA). The sex ratio is around 
1 with 53% of patients being males in our series (6). 

~INICAL MANIFESTATIONS 

ChUrg-StrdUSS syndrome occurs after two long prodromic phases (4). During the first period, 
asthma and other allergic manifestations occur and precede the second period that consists of 
eosinophilia and lung infiltrates. The third period is the disease itself. The clinical manifestations 
of CSS may occur several years after the onset of asthma. A systematic inquiry showed that 
63.8% of patients had a personal history of allergy (6) and one out of four patients (18) had a fa- 
milial history of allergy. It can be difficult to define the exact time of CSS onset; the clinical man- 
ifestations appear within a few weeks with progressive worsening of asthma, and simultaneously 
other general symptoms: fever, weight loss, and fatigue. The main clinical manifestations of CSS 
are summarized in Table 2 (4,6,18-22). 

A. Pulmonary Manifestations 

1. Asthma 
Asthma i s  one of the major symptoms of CSS. It is widely accepted that asthma is an essential el- 
ement for diagnosis. However, we have very rarely observed patients who presented with other 
allergic manifestations (e.g., rhinitis, allergic dermatitis) or who developed asthma simultane- 
ously with systemic manifestations of vasculitis. Asthma occurred 8.86 -t 10 years before the first 
symptoms of vasculitis (6). Asthma often occurs late in the life of patients, at around 30 years, 
but, in other patients, asthma begins during infancy. In half of the patients, asthma is severe and 
requircs steroids, at least by spray and more often orally. Asthma becomes more severe during the 
weeks preceding vasculitis, becomes corticosteroid-dependent, and patients often need to be hos- 
pitalized to treat asthnia attacks or respiratory fdurc.  Although severe, asthma is rarely the cause 
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Table 2 Frequency (a) of Main Clinical Manifestations of Churg-Strauss Syndrome (372 Patients) 

Chumbley Literature Lanham Guillevin Gaskin Haas Abu-Shakra Guillevin 
et al. (19) review (4) et al. (4) et al. (18) et al. (21) et al. (20) et al. (22) et al. (6) 

Parameter 1977 1984 1984 1987 1991 1991 1994 1999 

n 
Sex, M/F 
Age; mean 
Range 

30 
211’9 

47 
15-69 

138 
72/66 

38 

16 
1 214 

38 

43 
2411 9 

43 
7-66 

21 16 12 
1417 1 214 616 
46 42 48 

23-69 17-74 28-70 

96 
4515 1 

48 
17-74 

Asthma 
General symptoms 
Lung infiltrates 
ENT manifestations: aller- 

gic rhinitis, sinusitis 
Mononeuritis multiplex 
GI manifestations 
Cardiac manifestations 
Rheumatic manifestations 
My atgias 
Skin manifestations 

Purpura 
Nodules 

Kidney manifestations 
Pleuritis 

100 100 100 100 
72 

100 100 100 
100 100 

43 62 58 

100 
70 
38 27 74 72 77 

70 
63 
17 
16 
20 

69 
64 
62 
52 
46 

70 
66 
59 
47 
51 
68 

21 
67 
37 
49 
28 

10 
70 75 
58 56 
15 56 
43 31 

43 
50 68 

25 
25 

80 31 
25 

83 
92 
8 

42 
42 
33 
67 

47 
78 
33 
30 
41 
54 
51 
31 
19 
16 

66 
46 
33 
42 
29 

48 
30 
49 
29 

28 
21 
16 

27 20 
8 
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of death. When vasculitis occurs, the asthma is usually controlled by steroids and the other man- 
ifestations of vasculitis predominate. 

2. Lung Hemorrhage 
As in other small-vessel vasculitides, lung capillaritis may occur, characterized by lung hemor- 
rhage (23,24). Diagnosis is based on the association of heinoptysis, lung infiltrates, and anemia. 
Computed tomography (CT) scanning is very useful for establishing the diagnosis of minor fonns 
of lung hemorrhage (Fig. 1). 

3. Pleural Effusion 
In retrospective studies (4,25), pleural effusions were detected in 2545% of the cases. In a meta- 
analysis of prospective studies (25), pleural effusion was observed in only 3% of the patients. The 
effusion can be unilateral or bilateral and is often asymptomatic. The fluid is an exudate. Lactic 
acid dehydrogenase levels can be above normal in tbe pleural fluid and glucose can be low. The 
main characteristic is the prcsence of eosinophils which can exceed 85% of all white blood cells. 
Vasculitis and infiltration of the pleura by eosinophls can be found. Churg-Strauss syndrome can 
on rare occasions be diagnosed by plcural biopsy (6). 

4. Lung Infiltrates 
Lung x-ray is abnormal in 38-70% of the cases (4). Opacities are unilateral or bilateral and tran- 
sitory nonfixed. When they are localized in the periphery of the lungs, they mimic chronic 
eosinophilic pneumonia. Infiltrates are migratory and regress spontaneously or following corti- 
costeroid therapy. Infiltrates of the parenchyma are composed of eosinophils and may be due, in 
rare cases, to alveolar hemorrhage. 

5. Miscellaneous 
Palsy of the phrenic nerve has been described in rare cases (26) and is considered to be due to 
nerve vasculitis. 

Figure 1 Lung CT scan showing bilateral infiltrates due to alveolar hemorrhage. 
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. Central Nervous System Involvement 

1. Peripheral Neuropathy 
Peripheral neuropathy occurs in the majority of CSS patients (6,18,27). Pain and hypoesthesia 
may precede the first objective sensory or motor manifestations of neuropathy. Peripheral neu- 
ropathy is present in 53-75% of patients (4,7,11,12,18,20). Mononeuritis multiplex more often 
affects the legs than the arms and predominates in the superficial and deep peroneal nerves. Palsy 
of these latter nerves was present in 65.6% of our patients and in 82.8% of patients who presented 
with mononcuritis multiplex (6). Electromyography shows axonal nerve involvement. This tcch- 
nique often detects more extensive involvement than the clinical symptoms would indicate. 

Cubital, radial, and median nerves can also be involved. Although cranial nerve palsies are 
rare, the cranial nerves 11, 111, VI, and VllI are sometimes affected. Sensory and/or motor in- 
volvement can be observed. 

At the onset of the disease, palsies are rapidly progressive. Only superficial sensitivity i s  af- 
fected. In rare cases, symmetric palsy mimicking Guillain-Bar& syndrome is present (28). Some 
severe palsies do not improve and are responsible for major morbidity. During the first months of 
overt disease, several attacks of palsies may occur. After a period of stability, palsies regress but 
the extent of recovery cannot be predicted, regardless of the initial intensity of the palsy. Recov- 
ery from sensory deficits is less frequent than motor recovery and sensory sequelae are common. 

2. Central Nervous System 
Central nervous syskem involvement ccvl be present. It occurred in 8.3% of our patients (6), usu- 
ally early during the course of the disease. Clinical manifestations are not specific-strokes with 
motor or sensory deficit, meningeal or brain hemorrhage, sometimes due to choroid plexus vas- 
culitis (291, cognitive dysfunction, epilepsy-reflect the presence of brain vascultis. Computed 
tomography scans show infarcts, magnetic resonance images contain multiple T,-weighted en- 
hancing lesions, localized to cortical and subcortical white matter areas (Fig. 2). When angiogra- 
phy is performed, caliber irregularities of vessels (Fig. 3) suggest the presence of vasculitis. 

Figure 2 Brain CT scan showing T,-weighkd enhanced lesions suggestive of brain vasculitis. 
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Figure 3 
stroke occurring in lhe course of Churg-Straws syndrome. 

Brain angiogram showing multiple stenoses and irregularities in a patient who presented with 

C. Skin Manifestations 

Skin manifestations are frequent, 40-70% of the cases (4,6,30), and are the consequence of small- 
vessel involvement. They reflect the presence of vasculitis or extravascular granuloma. They are 
the first manifestation of vasculitis in ~ 5 %  of the cases (6). Vascular purpura is the most frequent 
skin manifestation occurring in 3 1-50070 of the cases (4,6). Other cutaneous manifestations have 
been reported including livedo reticularis (6.2%) (6), urticaria1 lesions (9.3%) (6), Raynaud’s 
phenomenon, patchy skin necrosis, infiltrated papules, vesicles or bullae and toe or finger is- 
chemia. Nodules are observed in roughly 30% of the patients (31). They are rcd or violaceous, 
predominantly localized on fingers, foreskin, skull, and extensor surface of the elbows and fore- 
arm. They are often bilateral and symmetrical. Skin biopsies show extravascular granulomas, 
which are not specific for CSS and can also be present in patients with other vasculitides or in- 
flammatory bowel disease (31). 

D. Gastrointestinal Involvement 

Gastrointestinal (GI) manifestations are present in 31.2% of patients. The first GI manifestation 
is usually abdominal pain (3040%) (4,6). Nausea, vomiting, and diarrhea are less frequent. 
Bowel hemorrhage and melena or hematemesis are present in 6.2 and 3.1% of patients, respec- 
tively (6). Bowel perforation is the most severe manifestation and i s  one of the major causes of 
death (4,6). Vasculitis and granuloma can be present throughout the GI tract, but more frequently 
in the small intestine and/or colon. Endoscopy and biopsies may show the presence of 
pseudopolyps (32). The presence of several duodenal and jejunal ulcers may evoke the diagnosis. 
Biopsies may show vasculitis and/or an eosinophilic infiltration of the GI tract. When inflamma- 
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tory infiltrates are found predominantly in the mucosa, anemia, hypoalbuminemia, and steator- 
rhea may be present (32). Angiography may reveal the presence of vessel steiioses and microan- 
eurysms. The sensitivity of angiography in this setting is not defined. The severity of abdominal 
pain and symptoms suggesting peritonitis or bowel ischemia may necessihte surgery. Only four 
patients out of a series of 96 patients were so affected: bowel ischemia was found in two, appen- 
dicitis in one, and ischemic colitis in one (6). Gastrointestinal manifestations have been demon- 
strated to be one of the factors of poor prognosis for CSS ( I  6). 

Cardiac involvement is one of the most severe manifestations of CSS and is the most frequent 
cause of death. In the literature, its frequency varies between 15 and 84.6% (1,4,18,20,33). In our 
patients (6), 22.9% had pericarditis and 13.4% had myocardial involvement. Pericardial involvc- 
mcnt is rarely complicated by tamponade. Endocarditis usually does not occur. Endomyocardial 
fibrosis has been dcscribed very rarely (1); this entity has been observed in hypereosiiiophilic syii- 
drome but usually not in CSS, despite the presence of eosinophilia, Cardiac involvement is thc 
consequence of several different mechanisms: vasculitis of coronary arlery branches, extravascu- 
iar granuloma, and interstitial eosinophilic infiltrates. In Churg and Strauss’s series, eosinophilic 
infiltration was the most common histological observation (1 ); epicardial and myocardial granu- 
loma were also present. Necrotizing vasculitis of the pericardium has also been found in pericar- 
dial biopsies of two patients (6,34). 

Cardiac insufficiency develops rapidly and is often severe. It was the cause of death of 3 of 
11 patients reported by Churg and Strauss (1) and 13 of our 96 patients (6). Angina pectoris is 
rare, despite frequent coronary vasculitis. Myocardial infarction is also rare (35). Electrocardio- 
grams shows abnormalities due to ischemia or cardiomyopathy. Under treatment, these abnor- 
malities may disappear (36). When coronary mgiography is performed, slenoses, niicroan- 
eurysms, andor thromboses arc rare1 y observed (36) because the vasculitis predominantly affects 
small vessels. Nevertheless, angiograms are sometimes abnormal (35,37 j, reflecting the possible 
extension of the disease to medium-sized arteries. In the case of cardiomyopathy, endomyocardi- 
cal biopsies usually do not provide the diagnosis. Echocardiography shows diminished contrac- 
tile parameters that are not specific to vasculitis. 

Joint lnvolve~ent 

Arthralgias are frequent and often occur during the first days or weeks. Arthritis with local in- 
flammatory findings i s  rare and joint deformity and radiographic erosions not occur. Although all 
joints can be afXected by artliralgias, they predominate in the larger articulations. 

Myalgias are frequent (53.6-68.7%) (4,6) and usually regress quickly under treatment. 
Sometimes myalgias are so intense that t h y  mimic polymyositis (38). 

enal lnvolve~ent 

Renal involvement is infrequently observed in CSS. In our series of 96 patients (6), the kidney 
was affected in only 16.5% (6). In other series, the frequency was probably overestimated (4). 
Protejnuria and hematuria should, nonetheless, be assessed in every patient. When prescnt, 
glomerulonephritis is usually extracapillary with crescents, segmental and focal (39). For some 
of these cases, the outcome of rapid progressive glomerulonephritis was renal failure with the 
need for temporary or prolonged hemodialysis (39). Glomerulonephritis is associated with the 
presence of p-ANCA (anti-MPO). In CSS, thcrc is usually absence of renal vasculilis involving 
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medium-sized arteries. Consequently, angiograms usually do not show microaneurysms. We have 
demonstrated that, in ANCA-positive patients, there i s  no justification to perform angiography 
before renal biopsy (40). Renal involvement is one of the items included in the five-factors score 
(FFS) that has been a useful guide to estimating prognosis in CSS. Shortened survival is clearly 
correlated with renal involvement (1 6). 

Ureteral involvement has been also described in CSS (41). Stenosis is usually observed in 
the lower part of the ureters and more rarely in the upper part. Anuria and/or renal insufficiency 
are the consequence of unilateral or bilateral stcnoses. 

H. ENT and Ophthalmological Symptoms 

Maxillary sinusitis is one of the major symptoms of CSS and is one of the ACR classification cri- 
teria for CSS. Allergic rhinitis and/or sinus polyposis are frcquent (70% of the patients) (4). A his- 
tory of chronic sinusitis preceded CSS in 62.5% of our patients (6). Ear, nose, and throat (ENT) 
manifestations of CSS and those of Wegener’s granulomatosis can be the similar. However, bone 
destruction is not observed in CSS and the prognosis of CSS ENT manifestations overall is good 
(6). Ear, nose, and throat symptoms are not considered in the FFS. 

The eye can also be involved, and uveitis, retinal vasculitis, cpisclcritis and/or conjunctival 
nodules have been described (42). Ischemic optic neuropathy can complicate CSS. Temporal ar- 
tery involvement is also observed, with necrotizing vasculitis of temporal artery branches (43). 

I. Miscellaneous 

Mediastinal or peripheral lymph nodes containing eosinophils have been observed on rare occa- 
sions (4). 

V. LIMITED FORMS OF CHURG-STRAUSS SYNDROME 

Churg-Strauss syndrome is a systemic disease that our cause constitutional symptoms, such as 
fever, weight loss, malaise, muscular-skeletal pain, and eosinophilia. In addition to the systemic 
discase, limited forms have been reported (17), localized to onc organ and usually associated with 
constitutional symptoms. A history of allergy is found in the majority of patients, but asthma may 
be absent at the time of diagnosis. The G1 tract and the heart are the organs most frequently in- 
volved. The clinical manifestations of GI involvement are eosinophilic cholecystitis, eosinophilic 
enteritis, and mesenteric artery vasculitis. Cardiac failure has also been observed. Some rare cases 
of peripheral skin nodules (44) and ureteral stenosis have also been described. The outcome for 
survival depends on the organ involved. 

EClPlTATlNG FACTORS 

The etiology of CSS remains unknown. Nevertheless, various authors have incriminated certain 
precipitating factors in the etiology of some cases of CSS (6,18,44,45). These putative “trigger- 
ing” factors are very diverse and it  is not possible to identify a common antigen among the sus- 
pected drugs, particles, and hyposensitization treatments. It is suggested that every hyposensiti- 
zation treatment, allergen, or drug implicated in the occurrence of the initial disease flare or in 
relapses be discontinued, Suspected precipitating factors were observed in 24 of our patients (6). 
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There have recently been several case reports of CSS occurring in the course of leukolrienc an- 
tagonist drug therapy for chronic asthma. Zafirlukast and montelukast are two drugs in this group 
that have been suspected precipitants of CSS (46-50). 

In addition to certain drug or environmental agents possibly playing a role in disease ex- 
pression, a rapid decrease of the corticosteroid dose or abrupt withdrawal of treatment for asthma 
may play a role in the occurrence of CSS. 

VII. LABORATORY FINDINGS AND COMPLEMENTARY INV~STIGATIONS 

The main biological characteristics are eosinophilia, the presence of an inflammatory syndrome, 
and ANCA positivity. Increases in acute phase reactants, e.g., erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP), are common and were present in 80% of our patients (6). 
Eosinophilia is usually >l500/im3. The mean eosinophil count in our patients was 7193 2 
6706/mm3 (6); the maximum eosinophil count in the literature was S0,000/mm3 (51). 

Antineutrophil cytoplasmic antibodies were present in 47.645% of patients (mean = 
59.2%) (6,21,52,53). The inmunofluorescence pattern is usually perinuclear ard very rarely cy- 
toplasmic. By enzyme-linked immunosorbent assay (ELISA), MPO is usually the “targeted” anti- 
gen in p-ANCA-positive patients. Rheumatoid factor can be found in 53.6% of the patients 
(4,20). When performed, bronchoalveolar lavage fluid contains eosinophils. After corticosteroid 
therapy, eosinophil levels decrease very quickly, sometimes in less than a week. The ANCA titer 
is not correlated with outcome, but the persistence of ANCA might he associated with increascd 
risk of relapses. 

Pulmonary abnormalities were seen on x-rays in 37.5% of our patients (61, and included bi- 
lateral and “migratory” infiltrates and patchy alveolar opacities. Sinusitis may be observed on x- 
rays but is seen more clearly on CT scans. Angiography is not systematically performed but is 
done in patients with GI manifestations or for diagnostic purposes. Stenoses and microaneurysms 
are less frequent than in PAN but can be observed in 33% of the selected patients in wbom this 
complementary investigation was done (6). Although CSS prcdorninantly affects small vessels, 
microaneuiysms and stenoses, when present on angiograms, reflect medium-sized arterial in- 
volvement, demonstrating the range of vessel involvement in this illness. 

VIII. OUTCOME 

The prognosis of CSS has improved dramatically since the introduction of corticosteroids and, in 
some cases, cytotoxic therapies. With trcatment, remission is rapidly obtained in >80% of patients 
(88.6% of our patients). Relapses occurred in 25.5% of our patients during the first year, in hali 
of cases, and later in the others, after a mean follow-up period of 69.3 months (6). The clinical 
symptoms of relapse differ from the first manifestations of CSS in half of the patients and they 
can be severe and sometimes responsible for death. Some patients experience several relapses 
within several years after the first manifestations. The 10-year survival rate was 79.4% for our pa- 
tients (6). Some symptoms are correlated with increased mortality and are taken into account in 
the WS to assess disease severity and approximate prognosis. (16). Cardiac involvement is the 
primary cause of death of CSS patients and the main causes of death are cardiac failure, mesen- 
teric infarction, and iatrogenic complications. Asthma usually persists after recovery from vas- 
culitis and often requires maintenance treatment with corticosteroids. Sequelae of CSS can be 
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ncurological, such as the consequence of severe peripheral neuropalhy or cerebral ischemia. Car- 
diac insufficiency is also a major concern in the long term and cardiac transplantation may be nec- 
cssary in some patients. Renal insufficiency may lead to chronic dialysis. 

Corticosteroids, sometimes in conjunction with cytotoxic agents, are the most effective treatment 
of css. 

A. Steroids 

Churg-Strauss syndrome responds well to corticosteroids, which represent the treatment of 
choice. The initial management should include high doses (I  2,54,SS). The administration of 
methylprednisolone pulses (usually 15 mgkg intravenously over 60 min repeated at 24-h inter- 
vals for 1-3 days) has become widely used at the onset of therapy for severe systemic vasculitis 
(5S,56) because of its rapid action and relative safety, especially in the presence of life-threaten- 
ing organ involvement or severe mononeuritis multiplex. Corticosteroids (prednisone or pred- 
nisolone) are given at the dose of 1 .0 mg/kg/day. One or more methylprednisolone pulses are suf- 
ficient to obtain dramatic attenuation of asthma and general symptoms, and the disappearance of 
eosinophilia. In an ongoing trial in which good-prognosis patients are treated with corticosteroids 
alone, a clinical remission was obtained in S O % .  We recommend dccreasing the daily dose by 5 
mg every 10 days until a level equivalent to half the initial dosage is reached. This dose is then 
maintained for 3 weeks and then further decreased by 2.5 mg every 10 days, to approxiinately 15 
mg/day. A more careful tapering schedule was followed for doses <15 mg/day. The daily dose 
was decreased by 1 mg every 10 days, until stopping treatment. Nevertheless, it is often impossi- 
ble to completely stop corticosteroids because of the residual asthma that may require low doses 
(5-1 0 mg) of prcdnisone and/or inhaled corticosteroids. 

. Cytotoxic Therapy 

The indication of cytotoxic drugs, especially cyclophosphamide, must be based on well-defined 
prognostic factors (1 6). According to WS (1 6), the majority of CSS patients would not have fac- 
tors of poor prognosis. In that case, cyclophosphamide would only be prescribed as second-line 
treatment, in the case of failure of the initial treatmcnt or relapse. 

I. Cyclophospha~de 
A low dose has conventionally been defined as 2 mg/kg/day or less Tor 1 year and, in combina- 
tion with corticosteroids, represented the traditional treatment of PAN. Although this regimen is 
an effective treatment for vasculitic disease, it has a low therapeutic/toxic index. Major side ef- 
fects associated with daily cyclophosphamide administration include drug-induced cystitis (56), 
bladder fibrosis, bone-marrow suppression, ovarian failure and/or neoplasm (bladder canccr and 
hernatological malignancies) (57). Severe infections represent a major cause of mortality of sys- 
temic vasculitis patients, especially while they are receiving high doses of corticosteroids with 
adjunctive immunosuppressive drugs (58). In an attempt to decrease the morbidity associated 
with daily cyclophosphamide administration, protocols utilizing inlermittent treatment with 
larger doses have been developed. Pulse cyclophosphamide therapy is now being used increas- 
ingly for systemic necrotizing vasculitis (59-61) and is prcferred by some investigators to oral cy- 
clophosphamide. The cyclophosphamide content of each pulse, as well as both the total number 
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and the frequency of the pulses, should be adjusted according to the patient’s condition, renal 
function, hematological data, and the disease’s response to previous therapies. For CSS, we rec- 
ommend an initial dose of 0.6 g/mz, given at intervals of 2 weeks for 1 month, then every month 
for 6 to 12 months. High-dose pulse cyclophosphamide may be particularly dangerous in patients 
with renal failure. Lowering the dose according to renal function would be prudent. lntensc hy- 
dration and the use of sodium 2-mercaptoelhanesulfonate (mesna) is recommended during pulse 
therapy. The indication of cyclophosph<zmide for CSS should be adapted to the WS and given 
only to patients with PFS >O. 

Chuinbley et al. (19) reported a 90% 1-year survival rate and a 62% 5-year survival rate. In 
our study of 96 patients, the 78-month survival rate was 72.3% (6). On these two series, the major 
cause of death was cardiac involvement, primarily congestive heart failure and much less fre- 
quently myocardial infarction. In the literature review by Lanharn et al. (4), the cause of death 
could be identified in 50 cases: nearly half of the patients (48%) died of cardiac failure or myo- 
cardial infarction. Other causes of death were renal failure in 18%, cerebral hemorrhage in 1696, 
GI perforation or hemorrhage in 8%, status asthmaticus in 8%, and respiratory failure in 2%. 

C. Other Treatments 

There are presently no data to support the systematic prescription of plasma exchange in CSS. In- 
travenous immunoglobulins, 1 g k g  for 2 days, can also be prescribcd as has been done for other 
ANCA-related vasculitides (62,63). This treatment is not recommended as a first-line therapy, but 
may be useful for patients refractory to more conventional treatment. Cyclosporine has been 
given in anecdotal cases o f  CSS (64,65). One patient who received cyclosporine to prevent car- 
diac graft rcjcction suffer did not relapse (64). Interferon-a has recently been utilized, with suc- 
cess (66) in 4 patients with severe CSS. Such trcatment merits evaluation in a larger series of pa- 
tients. 
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1. INTRODUCTION 

Giant cell (temporal) arteritis (GCA) is an inflammatory vasculopathy that manifests in medium- 
sized and large arteries. The disease displays a stringent tropism for arteries with well-developed 
elastic membranes and essentially spares capillaries, arterioles, and veins. Not all territories in the 
arterial tree are equally susceptible to this vasculitis; at highest risk are the upper cxtrcmity 
branches of the aorta and cranial arteries. Histomorphologically, GCA is a panarteriris that is as- 
sociated with the formation of multinucleated giant cells in about 50% of all cases (1). Typical 
histological features include the arrangement of highly activated macrophages in granulomas, 
focal disintegration of the muscularis, and fragmentation of the elastic lamina. There is a trend 
for tissue-infiltrating immune cells to form complex structures in the vicinity of the internal and 
external elastic laminae. Although giant cclls have led to thc common name of this vasculitis, the 
presence of these macrophagc polykaryons is not essential for the diagnosis of GCA. This vas- 
culitic process can present with diffuse mononuclear cell infiltrates without granulomatous reac- 
tion, and the blood vessel inflammation can be segmental, producing patchy lesions. 

Therc is evidence that CXA is a heterogeneous syndrome that includes multiple subtypes 
of disease. In part, the phenotypic heterogeneity reflects the vascular bed targeted by the disease, 
e.g., large-vessel GCA vs. cranial GCA (2). Also, there is support of the concept that polymyal- 
gia rheumatica (PMR) is a forme Eruste of <;CA and represcnts a subtype with dominant systemic 
illness and minimal vascular involvement (3). Giant cell arteritis in all its variations is not limited 
to arterial wall inflammation, but consistently has additional systemic manifestations. Highly up- 
regulated acute phase responses are closely correlated with the systemic illness, and the prompt 
response of GCA to therapy with corticosteroids likely relates to the sensitivity of systemic in- 
flammatory pathways to this immunosuppression. Both features of GCA, the systemic compo- 
nent and the explicit responsiveness to steroid therapy, provide useful clues to the etiopathogen- 
esis of this inflammatory vasculopathy (Table 1 ) .  

In the last decade, advances in genetics and molecular biology have provided the unprecc- 
dented opportunity to readdress the pathophysiology of GCA. Although a single cause or etio- 
logical agent has not yct been identified, substantial progress has been made in understanding dis- 
ease pathways in this arteritis. Molecular events in the vascular lesions have been carefully 
dissected and support the notion that vascular pathology is the result of a dialogue between the 
host’s immune system and the arterial wall. It is now appreciated that vascular morbidity i s  
mainly a consequence of a hyperproliferative reaction of arterial wall cells forming lumen- 
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Table 1 Clues to the Pathogenesis of Giant Cell Arteritis 

Vcry restricted tissue tropism with targeting of the branches of the proximal aorta 
Nonrandom geographical distribution of disease incidence 
Manifests exclusively in individuals older than 50 years 
Granuloma formation without fibrinoid necrosis 
Vascular morbidity largely related to luminal occlusion with ischemia of different organ systems 
Vascular lesions composcd of T cells and macrophages; B cells are absent 
H1.A association 
Persistance of vascular infiltrates despite successful treatment of systemic symptoms 
Markedly upregulated acute phase response 
Disease with multiple phenotypes, a fomie fruste, polymyalgia rheumatica, lacks clinically overt vascular 

inflammation 

occlusive neointima. The emerging paradigm is that GCA develops as T lymphocytes encounter 
antigen in the arterial wall and cause immunological injury. This immune response by itself does 
not jeopardize the integrity of the blood vessel wall. However, the artery responds to the injury 
with a tissue repair program that promotes more damage than healing (4). 

II. MODEL FOR GIANT CELL ARTERITIS 

The disease model shown in Figure 1 attempts to integrate the pathogenic studies of GCA, the 
enormous expansion in the knowledge of the immune system, and the progress in vascular biol- 
ogy. Like all disease models, it cannot demand cxclusiveness but it provides a framework for ac- 
cumulated data from different fields of investigation. 

The model proposes that GCA results from an antigen-specific immunc rcsponse occurring 
in the wall of medium-sized and large arteries (5) .  The antigen may be exogenous, endogenous, 
or altered self-antigen. The manifestation of antigen-specific immune reactivity in the vessel wall 
is a function of multiple risk factors, including age, immunogenetics of the host, and the nature 
of the antigen. Antigen recognition in the blood vessel wall is preceded by a phase of immune 
stimulation in the periphery that generates highly activated monocytes. These monocytes then 
serve as reservoirs for antigenic material, Upon their interaction with activated vasa vasorum and 
infiltration into the blood vessel wall, the activated monocytes disseminate this antigenic material 
to sites where it is encountered by antigen-specific T cells. T cells recognize processed antigen 
on monocyte surfaces, thereby initiating a series of events that results in the generation of immune 
effector cells with tissue injurious characteristics. If insufficient antigen is transported to the ar- 
tery, the disease process will mainly be limited to the periphery with minor immune stimulation 
in the vessel. The clinical equivalent to this scenario is polymyalgia rheumatica. The nature of the 
vascular immune response and, consequently, the downstream effects are determined by the mi- 
croenvironment in which it evolves. Cellular and noncellular components of the arterial wall enter 
into a crosstalk with the infiltrating immune cells. As a result of this dialogue, immune functions 
are modulated and signals are given to lhe arterial wall components. Most importantly, a program 
of injury response is set into action and, depending on the reaction pattern, different forms of vas- 
cular pathology emerge. Immune responses localized in the aorta will primarily favor tissue de- 
structive pathways resulting in aortic aneurysm formation. In arteries with a different wall com- 
position (i.e., temporal arteries), defense rcaction to injury will involve the mobilization, 
migration, and proliferation of myofibroblasts and will result in the creation of lumen-obstructive 
intima. This disease model predicts that various antigens can function as an instigator for the im- 
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Figure 1 Scheinatic diagram of pathogenic pathwayb in giant cell srteritis. 

munological injury and that the amount and nature of the antigen eliciting an immunc reaction in 
the vascular wall i s  only one of the components determining the disease process. It is likely that 
the complex chain of events underlying the clinical syndrome of GCA can be intersected at mul- 
tiple lcvels, delining promising opportunities for therapeutic interventions. 

111. RISK FACTORS 

The incidence of GCA varies greatly in different geographical regions of the world. The highest 
incidence rates have been measured in Northern Europe and in Minnesota, a state with a popula- 
tion of mainly Northern Europcan descent, with estimates of about 20 cases annually pcr 100,000 
persons older than 50 years of age (6,7). Incidence rates are about 10-fold lower in Blacks and 
Hispanics, suggesting striking differences in disease risk among ethnic groups (8,9). In the 
Northcrn Italian population, disease risk i s  intermediate with yearly incidence ratcs of about 6 
cases per 100,000 individuals (10). In Asian countries, GCA and PMR are distinctly infrequent. 

Nonrandomness in the geographical and ethnic distribution of GCA is highly suggestive of 
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genetic risk determinants but it could also indicate a contribution of environmental factors. Evi- 
dence for disease-risk genes has come from studies exploring the representation of N U - D R B  
genes in GCA/PMK ( 1  1,12). In both conditions, donors expressing HU-DR4 alleles are en- 
riched. Sequence comparison of disease-associated and non-disease associated HLA-DR poly- 
morphism has led to the hypothesis that amino acid positions located directly in the antigen bind- 
ing site of HLA dimers confer the highest risk, supporting the notion that antigen binding and 
presentation are critical steps in the disease. It can be expected that other genes with a role in the 
immune system can modulate the susceptibility of the host to develop GCA. 

GCA is markedly age-restricted. Essentially no cases have been reported in individuals 
younger than 50 years of age and the likelihood of being diagnosed with this vasculitis increases 
continuously with age ( 1  3). With aging, the immune system undergoes dramatic changes, gener- 
ally described as immunosenescence (14). Multiple processes are suspected to contribute to the 
decline in immunocompetence in the elderly but a ma-jor factor has been attributed to deteriorat- 
ing thymic function and output. Functional consequences of imunosenescencc include a pro- 
gressive loss of antivaccine responses, increased risk for infections, and reduced antitumor im- 
munity. Coincidentally, older individuals have a higher incidence of clonal disorders and more 
frequently have autoantibodies. How, exactly, age-related perturbations in the immune system af- 
fect imniuiioreactivity in hosts with GCA has not been investigated. 

IV. SYSTEMIC MANIFESTATIONS 

Besides vascular lesions, GCA patients consistently have signs of systemic inflammation. Mono- 
cytes in the circulation have been found to be constitutively activated and synthesize interleukin- 
6 (IL-6) protein ( 1  5). Interleukin-6 is a potent inducer of acute phase reactants, providing an ex- 
cellent explanation for the highly upregulated acute phase response in GCA. Laboratory 
abnormalities in untreated disease are typical for an abrupt acute phase reaction. A close relation 
between muscle painhtiffness with plasma IL-6 levels has been reported in patients with PMR, 
and plasma IL-6 concentrations have been shown to be exquisitely sensitive to corticosteroid sup- 
pression with rebounding elevated IL-6 levels by 24 after a dose of oral steroids (16). 

Production of 1L-6 by circulating nionocytes/macropliages emphasizes the systemic nature 
of the disease. This component of the syndrome is equally developed in PMK and GCA, sup- 
porting the notion that it is independent from florid vasculitis and likely precedes vascular lesions. 
Both disease components, the systemic inflammatory illness and the emergence of artcritic infil- 
trates, differ in their sensitivity to steroid therapy, providing additional evidence for the concept 
that these two aspects of the disease process are independently regulated. 

In PMR patients, the systemic component overshadows the vascular involvement. However, 
in other patients, the systemic inflammatory illness is dominant but coexists with overt vasculitis. 
In these patients, the clinical pattern is often not that of cranial ischemia but fever of unknown ori- 
gin, weight loss, night sweats, anemia, and wasting. Analysis of tissue cytokine patterns in tem- 
poral arteries have indicated that patients with cranial ischemia and patients with wasting syn- 
drome can be distinguished based upon the production oE interferon-y (IFN-y) in the vascular 
lesions (17). In patients with wasting syndrome, acute phase responses appear to be even more ac- 
tivated than in patients with cranial ischemia (18). 

ATURE OF THE IMMUNOLOGICAL INJURY 

Multiple lines of evidence have led to the conclusion that the center of the immune response in 
the vascular lesions lies in the adventitia (Fig. 2) .  The adventitia supports the vasa vasorurn, mi- 
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Figure 2 Immune insult in giant cell arteriti5. Immune events in the artery are compartmentalized with a 
close correlation between the topography of the vessel wall and immune pathways. T-cell activation by anti- 
gen occurs in the adventitia with subsequent differentiation of macrophages in the media and intirna to as- 
sume specialized effector f~mctions. 

crocapillaries that supply the vessel wall with nutrients and oxygen. CD4+ T cells bearing acti- 
vation markers accumulate in the areas surrounding the vasa vasorum (19). Most importantly, 
these T cells are the producers of IFN-y, a key player in the vascular immune reaction. In arteries 
from patients with PMR and no apparent cell infiltration or histornorphological vascular wall de- 
struction, in situ production of cytokines can be documented (3). However, the adventitial im- 
mune response is aborted and is limited to IL-2 production without IFN-y. Possible explanations 
include decreased levels of immunogen and reduced frequencies of antigen-specific precursor T 
cells. Antigen-presenting cells displaying immunogenic peptides on their surface have not been 
formally identified, but macrophages producing high amounts of IL- 1 p and IL-6 are the most 
likely candidates. Vasa vasomm can be assumcd to be their port of entrance (20). Reactivation of 
tissue-invading monocytes in the periphery would enhance their antigen-presenting capability; 
however, the origin of the antigen initiating an adventitial immune response has not been demon- 
strated. Alternatives include that the antigen travels to the adventitia in macrophages that have 
phagocytosed i t  outside of the blood vessel wall and begin to display it as a result of their activa- 
tion. Antigen could be trapped in the adventitial tissue as a result of directed or unintentional dcp- 
osition From the bloodstream. Finally, arlerial wall components could become antigenic. The hy- 
pothesis that constituents of the mery acquire immunogenicity, possibly reflecting age-related 
alterations, is attractive but expenmental data are lacking. Extracts prepared from temporal ar- 
teries of GCA and PMK patients activate T cell lines generated from vascular infiltrates, strongly 
supporting the idea that antigens eliciting the vascular lesions arc shared among patients and arc 
present in PMR arteries (21). 

T cells assumed to contact antigen in the adventitia are classical T-cell reccptor a l p  T cells 
that undergo clonal expansion in the arterial wall (22). Their repertoire is limited; identical T-cell 
clonotypes have been isolated from right- and left-side teniporal arteries and from nonadjacent 
lesions in the vessel wall. 
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It is important to note that the immune response in the adventitia has not been associated 
with structural changes in this layer, correlating with the observatioii that macrophages accom- 
panying adventitial T cells have an inflammatory but not a tissue destructive phenotype, e.g., they 
produce inflammatory cytokines but no matrix metalloproteinases and no oxygen radicals (20). 

An unresolved but fascinating issue is how the immune reaction in the adventitia distally 
regulates the vascular inflammation occurring in the media and intima. Cytokines released by ac- 
tivated cells are prime candidates for facilitating this communication. The major T-cell products 
in the artery are IL-2 and IFN-y, and concentrations of these cytokines produced in the tissue have 
been associated with differences in clinical manifestations (17). Specifically, cranial ischemia 
presenting as ocular symptoms or jaw claudication has been correlated with high IFN-y produc- 
tion, whereas dominant systemic disease is typical for patients with low IFN-y transcription. The 
IFW-y levels are also predictive for the presence of multinucleated giant cells, a cell type usually 
not encountered in thc adventitia (23). 

VI. DAMAGE TO THE ARTERIAL WALL 

One of the downstream effects of antigen-driven T-cell activation in GCA is vessel wall destruc- 
tion. Smooth muscle cells disappear and the elastic membranes undergo fragmentation. Never- 
theless, aneurysm formation and vessel rupture do not occur in cranial arteries but are limited to 
patients with aortitis (24). Progress has been made in identifying pathways of tissue injury in the 
lesions but much work remains to be done. Disintegration of the elastic laminae requires enzy- 
matic action and metalloproteinases are abundantly expressed in the inflamed arterial wall 
(20,25,26). Loss of smooth muscle cells is less well understood, but potential mechanisms in- 
clude apotosis and necrosis. 

Only recently a novel pathway of tissue injury in GCA arteries, lipid peroxidation of cellu- 
lar membranes, has been described. Lipid peroxidation products are generated by reactive oxy- 
gen intermediates targeting lipid components of the cell membrane (27,28). While toxic oxygen 
inctabolites are difficult to detect in the tissue due to their extremely short half-life, aldehydes 
formed by their interaction with lipid groups are easily identified through antibodies binding to 
4-hydroxynoneal. In temporal arteries, medial smooth muscle cells and infiltrating inflammatory 
cells were both affected by oxidation-mediated membrane damage. However, mitochondria are 
highly active in tissue-infiltrating cells, indicating that these cell populations do not experience 
oxidative damage. Experimental evidence has been provided that some of the cells can protect 
themselves from oxidative stress by upregulating aldose reductase (28). Aldose reductase metab- 
olizes toxic aldehydes, thus functioning as a detoxifier for oxidative damage. There is preliminary 
evidence that the oxidative injury in GCA also includes nitration. Nitric oxide-dependent tyro- 
sine nitration can be demonstrated, particularly in areas of granuloma formation (Weyand et al., 
unpublished data). 

E ARTERY’S PERSPECTIVE 

Consequences of vascular wall inflainmation are not limited to tissue destruction. On the contrary, 
in many cases of‘ GCA, the predominant outcome of vasculitis is luminal obstruction (Fig. 3; see 
color plate). Specifically, the intima, normally a single-cell layer with barrier function, increases 
in thickness due to proliferation of myofibroblasts and excessive deposition of extracellular ma- 
trix, eventually causing obstruction of the lumen. Intimal hyperplasia results from the artery’s re- 
sponse to inflammatory injury and rcprcsents a repair mechanism. Recognizing that the artery is 
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not just passive in arteritis has bcen conceptually important in studying GCA. In this context, it 
i s  important to realize that the arterial wall has several options in responding to the immune in- 
sult. Upregulation of protective proteins, such as heat-shock proteins, occurs. The artery’s re- 
sponse pattern also includes generative processes, including tissue proliferation and healing. The 
most fascinating aspect is that the artery’s response may actually be maladaptive, exacerbating in- 
jury and creating novel pathology. 

Thickening of the intimal layer has been extensively studied in atherosclerotic disease (29) 
and is now also understood as an important component of transplant vasculopathy. Marked 
progress has been made in identifying the cellular components involved and intense research is 
currently focusing on elucidating the underlying molecular events. 

Intimal hyperplasia in GCA has features that distinguish it from atherosclerotic vascular 
disease. In particular, hyperproliferation in inflamed arteries of GCA patients is a fast process 
with concentric progression that almost obliterates the lumen. In contrast, in response to the ath- 
erosclerotic plaque, intimal proliferation progresses slowly and asymmetrically. It is possible that 
arteries, ranging from coronary arteries to tcmporal arteries, have evolved a program by which 
they communicate, interact, and react to the presence of immune cells and other insults. The con- 
sequences of this response-to-injury program is clinically one of the most importml aspects or 
vascular disease. 

How the arterial wall senses the injury is not known. Cells resembling smooth muscle cells 
become mobile, begin to proliferate, and initiate secretory activities. The origin of these cells has 
not been uneqaivocally identified and possibilities range from dedifferentiated medial smooth 
muscle cells to adventitial cells or even rare smooth musclc cells trapped in the intirna (30). 
Growth, migration, and matrix production of these cells is under the control of growth factors. 
Also, metalloproteinases are required for the mobilization and penetration of these cells through 
the tissue. Recent studies have demonstrated that ail of these components are present in temporal 
arteries in GCA. Ylatelet-derived growth factor (PDGF)-A and PDGF-B are both abundantly ex- 
pressed, and tissue expression levels are closely related to the degree of luminal stenosis (3 1). Tis- 
sue production of PDGF has also been associated with the occurrence of ischemic symptoms, 
supporting the concept that vascular obstruction is one of the critical outcomes in this arte 

In contrast to transplantation vdsculopathy and atherosclerosis, resident cells of ih 
contribute minimally to PDGF production in GCA arteries; infiltrating mononuclear cells are the 
major cellular source of PDGF. Most interestingly, multinucleated giant cells also synthesbed 

This study provided the first evidence that multinucleated giant cells have secretory capa- 
in addition to having roles in tissue digestion and debris removal (31). 

Multinucleated giant cells also produce vascular endothelial growth factor (VEGF), an an- 
giogenesis factor with the ability to support the growth of new capillaries (23). The normal arte- 
rial wall is a rather avascular tissue with vasa vasorum restricted to the adventitia. With florid pa- 
narteritis, new capillaries are formed throughout the wall with a majority forming in the 
hyperplastic intima. It has been proposed that multinucleated giant cells regulate multiple steps 
in the arterial response-to-injury program, including the release of tissue-mobilizing metallopro- 
teinases, the provision of  proliferation-inducing growth factors, and the production of angiogen- 
esis factors. Tissue production of angiogenesis factors can probably be complemented by mcdia- 
tors in the circulation, such as haptoglobin (32). 

VIII. MECHANISMS OF ACTION OF CORTICOSTEROIDS 

One of the characteristic features of GCA is the prompt improvement of symptoms upon initia- 
tion of corticosteroid therapy. In PMR, the explicit sensitivity of clinical symptoms has been sug- 
gested as a diagnostic criterion to distinguish PMR from other inflammatory diseases. There is 
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little, if any, evidence that corticosteroids can be replaced in treating GCA, emphasizing the 
unique role of steroid-medialed immunosuppression in this vasculitis. Understanding the mech- 
anisms of action of this treatment could thus provide valuable insights into pathogenic pathways. 

Studies of in vivo effects of glucocorticoids in the inflanied arterial wall required the es- 
tablishment of an appropriate experimental system. Such a system was created when temporal ar- 
teries harvested from patients were successfully implanted into severe combined immunodefi- 
ciency mice. These chimeric mice can then be treated with corticosteroids and molecular events 
can be compared in explants from control and treated animals. 

Steroid therapy is not able to dcplcte the transmural inflammatory infiltrates, but it alters 
functional activities of tissue-invading cells (33). Steroid injection is accompanied by the sup- 
pression of many inflammatory mediators. However, some of the mediators are steroid resistant 
and very high doses of steroids have to be administered to inhibit steroid-responsive cytokines. 
The T-cell product IFN-y and the macrophage product transforming growth factor-p (TCF-P) are 
hardly affected by steroids, while IL-1 p, IL-6, and IL-2 &anscripts are downregulated. Compari- 
son of the promoter regions of steroid-responsive and steroid-resistant genes revealed an associ- 
ation of steroid responsiveness with the presence of W-KB binding sites. Studies in tissue sec- 
tions from explanted temporal artcries of steroid-treated mice chimeras have demonstrated a lack 
of nuclear NF-lcB (33 ) .  Cytoplasmic trapping of the transcription factor could be attributed to the 
induction of the physiological inhibitor IKBa (34). 

These data provide an explanation for the promptness of the therapeutic effects seen with 
glucocorticoids, which is often combined with normalization of the acute phase reaction, a 
process involving a series of NF-@-dependent genes (Fig. 4). The persistence of inflammatory 
lesions and the continued production of some of the proinflammatory mediators also explains 

Glucocorticoids . 

Stimulus 

Steroid-responsive mediators 

Steroid-resistant mediators 

IFN-y 7 
MMP (7) J TGFP 

Figure 4 Mechanism of steroid-induced immunosuppression. Glucocorticoids upregulate the production 
of the NFKB-binding protein IKB and therefore prevent the nuclear translocation of active NKKB upon cell 
stimulation. Cytoplasmic trapping of NF-KB leads to the repression of NF-KB-dependent cytokines and me- 
diators. 
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why GCA patients have to been treated chronically and do not tolerate early and abrupt with- 
drawal of steroids. 

If the major mechanism of steroids in GCA and PMR is the inhibition of the NF-KB, then 
NF-KR-regulated gene activation appears to be variable among patients (35). A recent prognostic 
treatment trial in PMR has indicated that steroid requirements differ among patients. The need for 
steroid medication was estimated by mcasuring the occurrence of disease nares with dose reduc- 
tion. A subset of patients had a short and uncomplicated disease course with excellent response 
to therapy and no recurrence of disease activity upon tapering. A second subset of patients re- 
sponded well initially when steroid doses were high but experienced recurrent pain and stiffness 
when doses were decreased. Finally, one subset of patients was only partially responsive to h i -  
tial steroid treatment. Differences in steroid doses required for clinically satisfactory management 
correlated with pretreatment erythrocyte sedimentation rates and with the degree of steroid- 
induced inhibition of IL-6 synthesis. It remains to be explored whether differences in inflamma- 
tory activity and insensitivity tu steroid-mediated suppression of NF-KB reflect genuine hetero- 
geneity of disease pathways or diversity in the responsiveness to a fundamentally identical dis- 
ease initiator. 

Lessons learned from studying therapeutic effects of steroids in GCA and PMR can be in- 
tegrated into the disease model discussed earlier in this chapter (see Fig. 1). The two disease COM- 

ponents, the systemic inflammatory reaction and the vascular lesions, appear to respond differ- 
ently to corticosteroid therapy. The rapid improvement occurs despite persistent vascular 
infiltrates and almost certainly is related to inhibiting the release of proinflammatory cytokines in 
the periphery. 'Ilius, steroids are clearly insufficient to eradicate the disease instigator. Neverthe- 
less, they remain powerful therapeutic instruments to relieve symptoms and patients can eventu- 
ally be taken off steroids while sustaining clinical remission. 

~ A R Y  AND FUTURE CHALLENGES 

The vascular pathology characteristic of GCA results from an immune insult (see Fig. 2) that ini- 
tiates a reaction pattern in the artcriai wall leading to structural changes, some of which are criti- 
cally involved in luminal occlusion and subsequent ischemia (see Fig. 3). The precise mechanisms 
triggering the immune stimulation are not yet known but evidence suggests that arterial wall in- 
flammation is preceded by activation of immune cells in the circulation and an intense acute phase 
response (see Fig. I). In the artery, activated T cells localize preferentially in the vicinity of vasa 
vasorum, indicating a critical role of the adventitia in this vasculitis. Through the production of 
IFN-y, these T cells can regulate and control the activity of macrophages, of which several func- 
tional subsets are represented in the artery. A close correlation between macrophage effector func- 
tion and arterial wall layer suggests a direct contribution of the arterial microenvironment in the 
recruitment and differentiation of these effector cells. Tissue-damaging effector functions of 
macrophages include the release of metalloproteinases and the production of reactive oxygen 
metabolites. The arterial wall resident cells react to the immune insult by the induction of path- 
ways that are not protective or regenerative but are maladaptive. Clinically, the most important 
maladaptive response is the mobilization, migration, and proliferation of smooth muscle cells to 
form lumen-obstructive neointima (see Fig. 4). This ill-fated injury response is supported by the 
formation of new microcapillaries. Growth factors regulating intimal h yperplasia and neoangio- 
genesis derive from tissue-invading macrophages, placing ultimate control of the arterial injury re- 
sponse program to the immune system. Evidence bas been provided that clinical patterns of GCA 
are variable and attempts are being made to correlate the heterogeneity of the immune insult and 
diverse arterial response patterns to variations in clinical disease. Future challenges include the 
identification of the antigen driving the immune insult, with the potential outcome that arteritis is 
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a common pathway triggered by multiple different antigens. Efforts should focus on identifying 
host risk elements, such as genetic susceptibility and environmental factors, that determine the ini- 
tial immune stimulation, control the influx of cells into the arterial wall, regulate the persistence 
of immune reactivity, and modulale the artery’s response to the immune insult. 
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1. INTRODUCTION 

Giant cell arteritis (GCA), a relatively common form of vasculilis in the United States and Eu- 
rope, is also referred to as temporal arteritis, cranial arteritis, and Horton’s disease (1-4). It af- 
fects persons over 50 years of age and approximately 90% of patients are over 60 years of age 
when the disease begins (5). Giant cell atteritis involves the cranial branches of thc arteries oiig- 
inating from the arch of the aorta most prominently, but is often more generalized (6,7). 

II. EPIDEMIOLOGY 

Published incidence rates have varied considerably depending on ethnic background of the pop- 
ulation studied. Highest rates have been reported in northern Europe and in the United States in 
populations of similar derivation (5,8-12). In Iceland, one of the highest rates, 50 cases per year 
per 100,000 population over age 50, has been noted (8). In Olmsted County, Minnesota, an aver- 
age annual incidence of 17.8 cases per 100,000 persons over age 50 was found, producing a 
prevalence rate of 1 per 500 persons aged 50 years and older (5) .  Several studies suggest that the 
incidcnce rate is increasing. In Olmsted County, the rate increased from 6.2 to 19.1 per 100,000 
persons per year over a 42-year study period (5) .  In the same study, a clustering of cases of giant 
cell arteritis in five peaks about 7 years apart was noted (Fig. 1). The cause of the clusters is un- 
certain but could represent involvement in the development of this condition by some infectious 
agent ( 1  3). Recent studies in Denmark have also shown considerable variation in the incidence of 
GCA (14). Age-specific rates show a progressive increase after age 50 (5).  Autopsy studies sug- 
gest that giant cell arteritis may be even more frequent. Arteritis was found in 1.6% of 889 pa- 
tients dying over the age of 50 in which sections of the temporal artery and two transverse scc- 
tions of the aorla were examined (15). 

Incidence rates of the closely related syndrome polymyalgia rheumatica (PMK) have been 
reported less widely but appear to be greater than for GCA. In Olmsted County, Minnesota, an 
average annual incidence rate of 52.5 per 100,000 persons 50 years of age and older. The preva- 
lence was approximately 1 per 200 persons age 50 and above (16). 

425 
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Figure 1 Annual incidence rates of giant cell arteritis in Olmsted County, Minnesota, per 100,000 people 
50 years of age or older showing a cyclic pattern. Rates were calculated using a centered 3-year moving av- 
erage. (Modified from Ref. 16.) 

111. ~ L I ~ I ~ A L  FEATURES 

The mean age at onset of GCA is about 70 years, with a range of 50 to greater than 90 years (5,17). 
Women are affected about twice as frequently as men. The onset is usually gradual over several 
weeks, but may be abrupt. Clinical features of GCA are extremely variable. Constitutional symp- 
toms, including progressive tiredness and loss of appetite and weight, are present in many patients 
and may be the initial manifestations. Low-grade fever has been noted in up to half of patients, 
and about 15% have a higher temperature elevation producing clinical findings of a “fever of un- 
known origin” (FUO) ( I  8). The initial manifestations in 100 consecutive temporal artery-posi- 
tive biopsy cases are listed in Table 1. 

At some time during the course of the disease, most patients with GCA have symptoms re- 
lated the involved arteries (17). Clinical features in 100 patients with GCA are listed in Table 2. 

Table 1 Initial Manifestation in 100 Patients with Giant Cell Arteritis 

Manifestation No. of Patients 

Headachc 
Polymyalgin rhcuinatica 
Fever 
Visual symptoins without loss 
Weakness, malaise, or fatigue 
Tenderness over arteries 
My algias 
Weight loss or anorexia 
Jaw claudicatiort 
Permanent loss of vision 
Tongue ciaudication 
Sore throat 
Vasculitis on angiogram 
Stiffness of hands and wrists 

32 
25 
15 
I 
5 
3 
4 
2 
2 
1 
1 
1 
1 
1 

100 
- 

Source: Ref. 17. 
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Table 2 Giant Cell Arteritis: Clinical Findings in 100 Patients 

Finding Number 

Sex (femalehale) 
Duration of manifestations before diagnosis (months)a 
Onset (gradual/sudden) 
Weight loss or anorexia 
Malaise, fatigue, or weakness 
Fever 
Polymyalgia rheumatica 
Other musculoskeletal pains 
Synovitis 
Symptoms related to arteries 

Headache 
Visual symptoms 

Transient 
Fixed 

Jaw claudication 
Swallowing claudication or dysphagia. 
Tongue claudication 
Limb claudication 

Signs related to arteries 
Artery tenderneqs 
Decreased temporal artery pulsations 
Erythematous, nodular, or swollen scalp arteries 
Large artery bruits 
Decreased large artery pulses 
Ophthalmological 
Visual loss 
Ophthalmoscopic 
Extraocular muscle weakness 
Raynaud’s phenomenon 

Central nervous system abnormalities 
Sore throat 

‘Shown as mean with range in parentheses. 
Source: Kef. 17 

69i3 I 
7 (1-48) 

64/36 
50 
40 
42 
39 
30 
15 
83 
68 

16 
14 
45 
8 
6 
4 

66 
27 
46 
23 
21 

7 
20 
14 
18 
2 
3 

15 
9 

Headache is the most frequent symptom and is present in about two-thirds or more of patients. It 
is usually present early in the course of the disease. The discomfort i s  often localized to the tem- 
poral areas but may be frontal, occipital, or more diffuse. It is often severe, but may be mild. At 
tiriies, hel-tdache may become lcss marked or change location even before treatment is started. It 
is a type of headache that the patient has not experienced before (1 7,159 

Loss of vision i s  the most important early manifestation of GCA because of its devastating 
consequences (20,21). It is caused by ischemia of the optic nerve or tracts secondary to arteritis 
of the branches of the ophthalmic or posterior ciliary arteries and occasionally is caused by oc- 
clusion oS the retinal arterioles. Arterial lesions in the distal cervical region or base of brain rarely 
result in infarction of the occipital cortex causing central blindness (21). The initial visual 
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changes may be transitory (amaurosis fugax) but later become fixed (20). Early visual loss is usu- 
ally unilateral and likely to be partial (20). But if the arteritis is not recognized and treated, the vi- 
sual loss is often progressive and becomes bilateral within a few weeks or less (21). However, 
complete bilateral blindness is uncommon (20). The incidence of permanent loss of vision in re- 
cent series is about 20% (20,21). Ophthalmoscopic examination in patients without visual loss is 
generaliy normal. The early funduscopic appearance seen in those with visual loss is ischemic 
optic neuritis with slight pallor and edema of the optic disc and scattered cotton-wool patches and 
small hemorrhages (Pig. 2). Later, optic atrophy occurs. Diplopia and pto are also seen (20,21). 
In a S-year follow-up study of 245 patients with CCA, Aiello et al. (20) found visual loss in 34 
cases (1 4%). In 32 of these patients, the visual deficit developed before glucocorticoid therapy for 
GCA was begun. In the two other patients, the visual loss occurred after the diagnosis was made 
and therapy was started. Visual loss progressed in three patients after initiation of oral glucocor- 
ticoids, and in five others, vision improved after beginning prcdnisone. After a S-year follow-up 
it was determined that the probability of developing visual loss after initiating treatment was 1 % 
(Kaplan-Meier technique), and the probability of additional loss was 13% in patients with GCA 
who had a visual deficit at the time therapy was begun. 

Intermittent claudication, or ischemic muscle pain, may occur in the jaw muscles, the ex- 
tremities, arid occasionally, the muscles of the tongue or those involved in swallowing (1 8). In jaw 
claudication, the discomfort is noted especially when chewing meat or other frm roods. It is gcn- 
erally bilateral, but may involve only one side. In some instances, spasm of the muscles of  mas- 
tication may result and make opening of the mouth painful or not possible. A rare case of 
dysarthria due to GCA was recently reported (22). Claudication of the tongue or swallowing ap- 
paratus may occur with or without jaw pain. Sore throat and cough, usually nonproductive, occur 
in approximately 8% of cases (23). Examination of the upper airway usually shows little to ex- 
plain the findings. Rarely, more severe vascular involvement may cause gangrene of the scalp or 
tongue (24). 

Neurological findings have been described in up to 30% of patients ( 1  9,25). Other than vi- 
sual loss, peripheral neuropathies and strokes or transient ischemic attacks arc most common. Pe- 
ripheral neurological manifestations include mononeuropathies and polyneuropathies. These are 
likely secondary to involvement of nutrient arteries, but little pathological documentation has 

Figure 2 ophthalmoscopic view of the acute phase of ischemic optic neuropathy as seen in patients with 
giant cell arteritis and loss of vision. The optic disc i s  pale and swollcn, the retinal veins are dilated, and a 
flame-shaped hemorrhage is visible. 
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been reported. Brain stem events and hemipwesis are caused by narrowing or occlusion o f  the 
carotid or vertebrobasilar arteries. In our experience, these episodes usually occur in patients who 
do not have occlusive changes in the subclavian arteries. Caselli (26) described three patients with 
GCA who had multiinfarct dementia. In these patients, the lesions were found aldnly in the pos- 
terior part of the brain and cerebellum. 

Occlusive lesions develop in large proximal extremity arteries in about 15% of cases (7). 
Generally, these involve the upper extremity arteries, including the subclavian, axillary, and 
brachial arteries (27-30). The most common manifestations are arm claudication and reduced or 
absent arm pulses and blood pressures in one or both arms. Bruits over the subclavian, axillary, 
and brachial arteries are audible in many instances. The arms Way become cool and cyanotic with 
use, but frank gangrene of the extremities is a rare occurrence. Cervical bruits are also likely to 
be present in such cases, but brain stem events or hemiparesis are less frequent in such patients. 
Angina pectoris, congestive heart failure, and myocardial infarction secondary to coronary ar- 
teritis occur in rare instances (31). 

Polymyalgia rheumatica is a clinical syndrome closely linked to GCA (10,16,32,33). The 
population affected, sex ratio of involved persons, and age at onset arc tl-rc same as in GCA. 
Polymyalgia rheumatica is characterized by the presence of proximal aching and morning stiff- 
ness and pain with movement of the proximal joints. The discoinfort limits the patient’s activities 
and frequently is severe enough to confine the patient to bed. Constitutional sympton-rs including 
fatigue and malaise are usually present. Low-grade fever occurs in a minority. The symptoms of 
PMR appcar to be due to proximal synovitis and tenosynovitis (34). Patients with PMR and also 
GCA often also have peripheral joint synovitis (35-37). Criteria for the diagnosis of PMR usu- 
ally include the presence of aching and morning stiffness lasting one-half hour or more, locatcd 
in two of the three areas commonly affected (shoulder girdle, hip girdle, and neck or torso), ac- 
companied by an elevated erythrocyte sedimentation rate or C-reactive protein (1 6). Polymyalgia 
rheumatica as a syndrome occurs 2 to 3 times more commonly than GCA (38). Thus, most pa- 
tients with PMR have no overt clinical evidence of vasculitis throughout the course oS their ill- 
ness. However, in others, GCA and PMR may develop simultaneously or PMR may develop at 
some other time during the course of GCA. In some instances, Tor example, symptoms OF PMR 
may be noted initially late in the course of GCA when the patient has been treated with prednisone 
and the dose has been subsequently reduced to low levels. Temporal artery biopsies obtained in 
patients with PMR who have no manifestations of vasculitis are found to be positive in about 
10-15% of cases. In a minority of patients with PMR, inore prominent distal tenosynovitis may 
develop, confusing the diagnosis. Some evidence points to the presence of a subclinical vasculi- 
tis in PMR (39). 

Thoracic aortic aneurysms and dissection of the aorta are important late complications in 
GCA (40-42) (Fig. 3). A series from our center included 41 patients with this manifestation (Ta- 
bles 3 and 4) (40). In three patients, the thoracic aortic aneurysms developed before GCA was di- 
agnosed, in five near the time of the diagnosis, and in 33 after the diagnosis of GCA (median of 
7 years after diagnosis). Sixteen patients developed acute aortic dissection, which caused death 
in eight. Nineteen patients also had aortic valve insufficiency due to aortic root dilation. Fifteen 
of these latter patients developed congestive heart failure. Eighteen patients underwent 21 surgi- 
cal procedures for the aneurysm and/or aortic valve replacement or repair. Aortitis was docu- 
mented histologically in I0 cases at surgery or autopsy. In the 33 who developed thoracic aortic 
findings subsequent to the diagnosis of GCA, 20 had discontinued prednisonc therapy when the 
thoracic symptoms became manifest. However, in about half there was clinical evidence of active 
vasculitis, ~d most had elevated erythrocyte sedimentation rates, providing a clue to the presence 
of an underlying active vasculitis. In a subsequent population-based survey, 11 of 96 patients with 
GCA were found to have thoracic aortic aneurysms (41). Compared with all persons of the same 
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Figure 3 CT examination of the chest of a patient with giant cell arteritis with ascending thoracic aortic 
aneurysm. Transverse view shows eccentric dilation of ascending thoracic aorta. 

Table 3 Cardiothoracic Manifestations in 41 Patients with Giant Cell Arteritis 

Manifestation No. of Patients 

Aortic valve insufficiency murmur 
Dyspnea on exertion 
Chest pain from acute dissection 
Sudden cardiac death from acute dissection 
Paroxysmal nocturnal dyspnea 
Peripheral edema 
Angina pectoris 
Orthopnea 
Limb claiidication 
Arterial bruit 
Pulmonary rales 
Palpitations 

19 
15 
8 
8 
7 
7 
6 
5 
4 
3 
4 
2 

Source: Ref. 40. 

age and sex living in the same community, patients with GCA were 17.3 times more likely to dc- 
velop thoracic aortic aneurysm and 2.4 times more likely to develop isolated abdominal aortic 
aneurysm. 

IV. LABORATORY FINDINGS 

Laboratory tests reflect the inflammatory processes. A mild to moderate normochromic anemia is 
usually prcsent. Acute phase reactant serum proteins are generally elevated to high levels (43-47). 
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Table 4 Initial Manifestation Related to the Thoracic Aorta in 41 Patients with Giant Cell Arteritis 

Manifestation No. of Patients 

Asymptomatic aortic aneurysm 14 
Dyspnea on exertion 8 
Chest pain (acute dissection) 7 
Asymptomatic aortic valve insufficiency 4 
Sudden death (acute dissection) 4 
Paroxysmal nocturnal dyspnea 1 
Dysphagia (large aneurysm causing esophageal distortion) 
Hemiparesis (cerebral embolus) 1 
Leg paiii (acute aortic dissection causing iliac artery occlusion) 

1 

1 
- 

Source: Ref. 40. 

The erythrocyte sedimentation rate (ESR) is usually markedly elevated. Levels to 100 mm in 
1 hour (Westergren method) are common, but occasionally, untreated biopsy-proven cases may 
have normal results (48,49). Some authors prefer the C-reactive protein (CRP) test as a more re- 
liable diagnostic test and for following patients’ therapy because it i s  not influenced as much by 
nonspccific changes such as anemia or significantly increased serum gamma globulins. Platelet 
counts are also often elevated. Recent studies have suggested that plasma interleukin-6 concen- 
trations are more sensitive and specific as an indicator for the presence of vasculitis than other 
acute phase reactants (50-52). This cytokine is released from monocytes and macrophages and, 
when elevated, should directly indicate the presence of active vasculitis if other causes of intlam- 
niation have been excluded. The leukocyte and differential counts arc generally normal. Serum 
complement and gamma globulins are normal or may be slightly increased (43). Tests for anti- 
nuclear antibodies and rheumatoid factor are usually normal. 

Liver function tests have been found to be mildly to moderately abnormal in about one-third 
of patients with CXA (1753-55). lncreased serum aspartate transaminase (AST) and alkaline 
phosphatase are the most commonly reported tests but others may be abnormal as well. Function 
returns to normal with therapy. 

Renal function tests are normal. Urinalysis is also usually normal, but red cells and red cell 
casts have been found in some instances (7,56). These do not appear to indicate significant renal 
vasculitis. 

In patients with GCA and PMR, tests for muscle inflammation are normal, including serum 
creatine kinas, and electromyograms. Muscle biopsics are normal or show mild atrophy (57). 

Other tests reported to be increased include plasma factor VIIVvon Wiliebrands factor, en- 
dothelial adhesion molecules, and anticardiolipin antibodies (58-65 ). While these tests likely re- 
flect the pathological processes, they have not been shown clearly to be helpful in the diagnosis 
or management of patients with GCA. 

V. DIAGNOSIS 

A diagnosis of GCA should be considered in patients above 50 years of age who have a new fomi 
of headache along with systemic symptoms, those with abrupt visual loss without other explana- 
tion, in patients with polyniyalgia rheumatica, unexplained fever or anemia, and high erythrocyte 
sedimentation rate, and those who have vascular manifestations such as outlined above. The symp- 
toms of CKA vary in severity from one patient to ‘another and may even improve without specific 
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treatment. Thus, the patient should be questioned carefully about recent as well as current symp- 
toms. The artcries of the head, neck, upper torso, and m s  should be examined for tenderness, en- 
largement, or thrombosis and auscultated for bruits. Both the anterior and parietal branches of the 
superficial temporal arteries should be palpated. The occipital, facial, and posterior auricular ar- 
teries also should be palpated. When examining the scalp, a temporal artery that “rolls” under the 
examiner’s finger rather than collapsing is usually abnormal. A tender or erythematous temporal 
artery has stronger diagnostic significance. However, the examiner needs to make sure that the ar- 
tery itself is tender rather than the temporalis muscle or other scalp structures. 

Artery biopsy is recommended in all patients suspected of having giant cell arteritis. The 
temporal artery is readily accessible and biopsied most frequently, but a specimen of the occipi- 
tal or facial artery can also be taken for histological study if clearly abnormal. Giant cell arteritis 
tends to affect arteries in an irregularly intermittent fashion (66). Thus, a clinically abnormal scg- 
ment of artery should be chosen for biopsy if possible. If the temporal artery is clearly visibly and 
palpably abnormal on examination, only a small specimen of that rcgion needs to be removed for 
histological examination (Pigs. 4 and 5 ) .  However, when the arteries are normal on examination, 
it is important to biopsy a longer, 3- to 4-crn segment of temporal artery and examine the speci- 
men at several levels to obtain adequate sampling. In most instances, we recommend biopsy of 
the second side also if the first is normal on histological review. When possible, temporal artery 
biopsy should be carried out before starting on glucocorticoid treatment, although the inflamma- 
tory infiltrate is slow to resolve and biopsy can readily be carried out up to 2 weeks or perhaps 
more after initiating therapy if necessary (67,68). Mathematical models using clinical and labo- 
ratory data have not been highly sensitive to datc in predicting a positive temporal artery biopsy 
(69). However, in one analysis of 53.5 patients with temporal artery biopsies, the presence of syn- 
ovitis, a relatively low erythrocyte sedimentation rate, absence of jaw claudication, and absence 
of temporal arteiy tenderness predicted a 9.5% probability of a temporal artery biopsy showing no 
vasculitis (69). 

Biopsy findings characteristic of this disease include infiltration of the vessel wall, espe- 
cially the inner media near the internal elastic membrane, with lymphocytes, macrophages, and 
multiiiucleated giant cells (70). The internal elastic membrane becomes fragmented as a result of 
the inflammation. Occasional neutrophils and eosinophils may be present. Intimal thickening, but 

Figure 4 (a) Giant cell arteritis involving the temporal artery. The anterior branch of the right superficial 
temporal artery is visibly swollen. Tenderness was noted on examination. (b) In a different patient with giant 
cell arteritis, the posterior auricular artery was noted to be swollen, an uncommon finding. 
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Figure 5 Giant cell arteritis, histological appearance. Transverse section of‘ temporal artery, occluded 
lumen is at bottom left. Intense lymphocytic infiltration of the media is visible. Giant cclls are visible near 
the inner media. (Hematoxylin and eosin, original magnification ~100 . )  (Courtesy of Dr. Johannes Bjorns- 
Wll.) 

with little inflammatory cell infiltration, is present in most cases. These classic findings are pres- 
ent in about 50% of positive cases examined by usual means. The other 50% show a similar in- 
flammatory process with predominantly lymphocytes and macrophages but no giant cells. In 
some instances a panarteritis is seen. Thus, giant cells are not a required finding to make the di- 
agnosis if clinical findings are compatible. Similar histopathological changes are present in other 
involved arteries (7,28). 

Ultrasound examination of the temporal arteries has been of interest for some time (7 1-73). 
Recently color duplex ultrasonography of the temporal arteries has been reported to be helpful in 
the diagnosis of GCA. Schmidt et al. (73) found ultrasonographic abnormalities in most patients 
with GGA. Using color duplex ultrasonography, they noted a “halo” around the arterial lumen in 
the majority of patients given the diagnosis of GCA but not others (Fig. 6). If further studies show 
this finding to be as specific for GCA as these authors suggest, temporal artery biopsy may not be 
necessary in patients manifesting this change. In other patients, ultrasound alterations may help 
the clinician choose the best site of the temporal artery to biopsy. This test is noninvasive, avail- 
able in many centers and may prove to enhance diagnosis of GCA. However, more experience is 
necessary before we recommend eliminating temporal artery biopsy in any case suspected of 
GCA (74,751. 

An angiogram should be considered if large arteries are involved (7,29). This will help de- 
termine the extent of the vasculitis and the help separate GCA from a nonvasculitic cause such as 
atherosclerosis. As noted, GCA tends to affect the upper extremity arteries more commonly than 
the iliac vessels whereas the opposite is true in atherosclerosis. An arteriogram provides the best 
detail of large vessels (Fig. 7), but intravenous digital subtraction angiography may suffice in 
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Figure 6 Duplex ultrasonography of the anterior branch of the right supcrficial temporal artery in a pa- 
tient with giant cell arteritis. A clear hypoechoic “halo” is present ovcr a portion of thc artery (right side in 
the sonogram) where the temporal artery was visibly and palpably enlarged. 

’I 

Figure 7 Giant cell arteritis of largcr arteries. Arch aortogram. Right subclavian and axillary artcries arc 
affected. Areas of smooth-walled segmental constrictions are visible. Distal axillary artery becomes oc- 
cluded. Collateral vessels refill the brachial artery distal to the occlusion. 

some cases. Magnclic resonance imaging (MRI) and coinputed tomography scans may help de- 
lermine large artery involvement, but overall vascular changes are not defined as well by these 
procedures as arteriography (Fig. 8). 

In patients with PMR without clinical evidence o f  GCA by history or physical examination, 
a decision regarding tetnporal artery biopsy is more difficult and should be based on the findings 
in each patient. If the musculoskeletal symptoms are mild and stable or  of recent onset and a tem- 
poral artery ultrasound examination is normal, we recommend close follow-up without temporal 
artery biopsy. If a tcmporal artery ultrasound examination is abnormal, especially if a halo is pres- 
ent, a temporal artery biopsy should be obtained. 

In most patients, there is little diCficulty in distinguishing GCA from other forms of vas- 
culitis because of the age, different clinical manifestations, distribution of lesions, and organ in- 
volvement. In occasional instances, however, other forms of vasculitis may involve the temporal 
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Figure 8 MRI of the chest in a patient with active giant cell arteritis. Thickened wall of descending tho- 
racic aortic wall i s  visible and indicates aortitjs. 

artery and mimic GCA to the degree that a temporal artery biopsy is done and is found to show 
vasculitis (76,77). In most of these cases, however, the histopathology is different than in GCA. 
For example, in several forms of vasculitis, including polyarteritis nodosa, microscopic polyangi- 
its, Churg-Strauss vasculitis, hypersensitivity vasculitis, and Wegener’s granulomatosis, the 
biopsy findings characteristically show prominent artery wall infiltration by neutrophils or 
eosinophils in contrast to the typical lymphocytes, macrophages, and multinucleated giant cells 
in GCA (70,76). Takayasu’s arteritis, which involves many of the same arteries as GCA and 
shares the same vascular histological appearance, occurs most conimonly in patients of Asian eth- 
nicity and begins before the age of 40. In Takayasu’s arteritis, the temporal artery has not been 
shown to be affected frequently. Occasionally, amyloidosis causes jaw or arm claudication mim- 
icking vasculitis. In such cases, the temporal artery biopsy shows the presence of ainyloid de- 
posits in amyloidosis, but no vasculitis (78). 

Criteria for the classification of GCA have been formulated (79). These criteria differenti- 
ate this disease from other types of vasculitis and should be used in all studies of GCA to help de- 
scribe the patient population in the investigation (Table 5 ) .  

VI. ASCERTAINMENT OF DISEASE ACTIVITY 

Although the clinical presentations of GCA may vary widely from an FUO, unexplained anemia, 
thrombocytosis, or elevated ESR, to PMR or jaw pain, there is usually little difficulty determin- 
ing the prescnce of active disease at the time of diagnosis. However, the ascertainment of active 
disease is often more difficult later in the course of the disease after a period of prednisone treat- 
ment, when this drug i s  being withdrawn to avoid adverse side effects. If a relapse occurs ac- 
companied by fever, or vascular-related symptoms, the diagnosis of active disease can be straight- 
forward. But a frequent experience in GCA is that during the period of prednisone withdrawal, 
blood tests show an elevated ESR or CRP but the patient has no symptoms, or only nonspccific 
complaints such as fatigue, which may be related to the treatment. In such instances, ascertain- 
ment of active disease is difficult or impossible with tests available today. Another temporal ar- 
tery biopsy or arteriogram is impractical in most instances and unlikely to fundamentally help. 
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Table 5 1990 Criteria for the Classification of Giant Cell (Temporal) Arteritis (Traditional Porniat)" 

Criterion Definition 

1. Age at disease onset 250 years 

2. New headache 
3. Temporal artery abnormality 

4. Elevated erythrocyte sedimentation rate 

5. Abnormal artery biopsy 

Development of symptoms or findings beginning at age 

New onset of or new type of localized pain in the head 
Temporal artery tenderness to palpation or decreased pul- 

sation, unrelated to arteriosclerosis of cervical arteries 
Erythrocyte sedimentation rate 250 mm/h by the Wester- 

gren method 
Biopsy specimen with artery showing vasculitis charac- 

teriLed by a predominance of mononuclear cell infil- 
tration or granulomatous inflammation, usually with 
multinucleated giant cells 

SO or older 

'For purposes of classification, a patient witti vasculilis shall bc said to have giant ccll (temporal) arteritis if at lcast three 
of thcsc fivc criteria are present. The presence of any three or more cnteria yields a sensitivity of 93.5% and a specificity 
of 9 1.28. 

Source: Ref. 79. 

There is no experience with ultrasound regarding in the temporal artery in relapses. Interleukin- 
6 determinations may provide some guidance in this situation, but more expcrience is needed 
(SO). Other acute phase reactants and hematological tests have not provided better answers. This 
is an area needing further study and development. 

VII. MANAGEMENT 

Once the diagnosis of GCA is established, prednisone or a related glucocorticoid should be 
started. Patients strongly suspected of the disease, especially those with recent or impending vas- 
cular complications such as visual loss, may be started on therapy immediately before a tempo- 
ral artery biopsy. Glucocorticoids rapidly suppress the symptoms and prevent most subsequent 
vascular occlusions (20). However, the influence of glucocorticoids on the vascular wall inflam- 
matory processes appears to be much more gradual and biopsies may be obtaincd later as noted 
above (67,68). In patients who have lost vision or who appear to be at immediate risk, intravenous 
pulses of glucocorticoid therapy can be given and later switched to oral treatment, although n o  
data are available to show that parenteral therapy is more effective that oral therapy alone. We rec- 
ommend starting between 40 and 60 mg of prednisone per day in a single or divided dose (81). If 
the patient does not clearly respond within 3 to 5 days, the dose can be increased by 10-20 mg/day 
temporarily. Although experience has shown that some patients are also likely to respond to lower 
doses, there are currently no reliable clinical or laboratory markers available to identify such pa- 
tients before therapy is started. After 2 weeks, the dose can be rcduccd to 50 mg/day and at the 
end of 4 weeks, to 40 rng/day. The patient's reversible symptoms usually subside rapidly within 
a few days to a week or two. Thereafter, the prednisone dose can be reduced by approximately 
10% of the daily dose each week or two as long as the symptoms and laboratory tests remain nor- 
mal. Below the daily dose of 20 mg/day, the length between decrements can be increased to 2-4 
weeks as appropriate to the patient's course. Below 10 mg/day, we recommend reducing the dose 
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1 mg/month as tolerated. The ESR or CRP can be obtained at monthly intervals to follow the pa- 
tient along with a brief clinical assessment of the patients progress. If the ESR or CRP levels be- 
come mildly elevated again without a relapse of symptoms, the prednisone dose may be held at 
its current level for another 2-4 weeks and the laboratory tests repeated again. If normal at that 
time, the reduction schedule can be resumed. If the patient’s symptoms return along with a sig- 
nificant increase in the ESR or CRP, the prednisone dose can be elevated again to a previous level 
that suppressed the manifestations. If has been our practice, later in the course of the disease, after 
several months of prednisone therapy, to attempt to gradually reduce the prednisone dose further 
even if‘ the ESR or CRP are only slightly elevated provided no symptoms of GCA are present. If 
major adverse effects of prednisone have developed and it appears not possible to reduce pred- 
nisone because of active disease, a cytotoxic drug such as methotrexate may be added (82-84). 
However, available studies have not shown a clear steroid sparing for this or other drugs (85). A 
better therapeutic carniamentarium for this disease is needed. 

Most patients are eventually able to discontinue prednisone therapy. In our studies, the av- 
erage duration of therapy is about 2 years, much of which is at low prednisone doses (86). But be- 
cause of adverse reactions to glucocorticoids that occur in the majority of patients, the lowest dose 
possible must be used and a program to prevent osteoporosis should be instituted. Although most 
patients subsequently appear to do well, occasional relapses occur. Thus, the patients need to be 
followed periodically. In view of the high frequency of the development of aortic aneurysms after 
several years a chest x-ray is recommended at yearly intervals. Overall, there appears to he no in- 
creased mortality rate in patients with GCA compared with age-matched population. 

VIII. SU~MARY 

Giant cell arteritis is a vasculitis of unknown etiology that affects middle-aged and older persons. 
In some populations, it is the most common form of vasculitis. Although its clinical picture is ex- 
tremely variable, early diagnosis is imperative because vascular occlusions caused by the vas- 
culitis may result in blindness, stroke, and other severe problems. Fortunately, GCA responds 
quickly to glucocorticoid therapy. These drugs rapidly suppress reversible symptoms and labora- 
tory test alterations associated with the disease and prevent further vascular occlusions. However, 
they appear to have a more gradual effect on some components of the inflammatory processes in 
the vessel walls. Temporal artery biopsy is recommended to confirm the diagnosis in all cases, 
preferably before treatment is started, but afterwards if necessary. Many patients have mild re- 
lapses of the disease as the glucocorticoid dose is being reduced, and some have them later. Most 
can discontinue this therapy within about 2 years. However, the majority of patients develop ad- 
verse effects from glucocorticoid therapy (86). Periodic long-term monitoring is indicated be- 
cause of the high frequency of the development of aneurysm of the thoracic aorta. 
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1. INTRODUCTION 

Takayasu’s arteritis (TA) is an acute inflan3matory disease of unknown etiology, characterized by 
stenotic lesions in the aorta and its main branches that usually occurs in young women. However, 
it seems that older (middle-aged) cases of Takayasu’s arteritis with chronic ongoing vasculitis 
are now being found more often, at least in Japan. Histopathological analysis in the acute phase 
of TA reveals extensive inflammation characterized by massive cell infiltration, destruction of 
the media, the adventitia around the vasa vasorum, and intimal hyperplasia, causing slenotic Ie- 
sions. When destructive changes of the vessel wall predominate, it occasionally causes dilated le- 
sions presenting as aneurysms (1). Vascular inflammation sonietimes persists even after acute 
inflammation apparently subsides. Local vasculitis niay latently occur without apparent inllam- 
matory manifestations in the periphery, resulting in vascular damage that may evolve into lesions 
with pathological features resembling atherosclerotic aortic aneurysm. There is evidence of an 
association between Takayasu’s arteritis and specific human leukocyte antigen (HLA) genes 
such as HLA-B52, -839, and MZCA (2-10). A recent report describes a close correlation betwcen 
serum levels of inflammatory cytokines such as interleukin (IL,)-6 and RANTES (regulated on 
activation, normal T cell expressed and secreted) with disease activity ( 1  l), suggesting a role of 
activated monocytes and T cells in the pathogenesis of TA. Some of the immunological mecha- 
nisms relevant in TA may also be involved in the formation of atherosclerotic aortic aneurysms 
(12-14). However, the precise mechanism of vessel injury as well as the primary cause that trig- 
gers the autoimmune process involved in both vascular diseases are still unknown and remain to 
be clarified. 

We have investigated two aspects of the cell-mediated immunological mechanism. First, we 
have examined the mechanism of vascular cell injury by immune effector cells, especially the role 
of the pore-forming protein (perforin), one of the most important cytolytic effector molecules 
with which killer lymphocytes directly injure target cells. Second, we have investigated T-cell ac- 
tivation, more precisely the distribution of T-cell receptors (TCRs) and the expression of HLA 
antigens, and costimulatory signals for T-cell activation, which are mainly mediated by members 
of the immunoglobulin and tumor necrosis factor (TNli) receptodligand superfamilies. 
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IS. PHENOTYPIC ANALYSIS OF INFILTRATING CELLS 
IN AORTIC TISSUE WITH TAKAYASU’S ARTERITIS 

Investigation of the cell-mediated immunopathology was designed to analyze the characteristics 
of the infiltrating cells and the immunological responses of the target cells in aortic tissue from 
patients with Takayasu’s arteritis. First, we analyzed the phenotypes of the infiltratiiig cells and 
found that most consisted of TCR yS+ T-lymphocytes (about 3 1% of the total cells), CDlG+ nat- 
ural killer (NK) cells (20%), CD8+ cytotoxic T lymphocytes (CTLs) (1S%), CD4+T-helper cells 
(Th cells) (14%), CD14+ monocytes/macrophages (13%), and CD20+ B-cells (15). There was a 
markedly higher percentage of yS T-lymphocytes in the arlcry than in peripheral blood, and the 
number of infiltrating ap and yS T-lymphocytes was almost the same. In sharp contrast, the infil- 
trating cells in samples from aortic aneurysms consisted of monocytes/macrophages ( 3  1%), NK 
cells (29%), CTLs (12%), and Th cells (6%). ‘There were few yS T-lymphocytes or B cells (15). 
The percentage of the infiltrating macrophages and yS T-lymphocytes were quite different be- 
tween the two diseases, suggestiiig that distinct inimunoIogica1 mechanisms had triggered the cell 
infiltration. 

XPRESSION OF CYTOLYTIC FACTOR PERFORIN IN lNFlLTRATlNG 
CELLS IN AORTIC TISSUE WITH TAKAYASU’S ARTERITIS 

Killer cells such as NK cells and T cells, especially CTLs and yS T-lymphocytes, are known to 
play a major part in cell-mediated cytotoxicity against virus-infected cells, tumor cells, or cells 
expressing foreign antigens. These lymphocytes are thought to kill target cells directly with the 
effector molecules contained in their cytoplasmic granulep, one of which is named pore-forining 
protein or perforin (16,17). Perforin is expressed by infiltrating lymphocytes in var~ous inflam- 
matory diseases as wcll au lymphocytes under physiological conditions, plays a critical rote in cy- 
tolysis, and can be a good marker for killer cells (1 8-24). Perforin-mediated lytic pathways as 
well as Fas-Fas ligand pathways play an essential role in CTL cytotoxicity (25). It is thought that 
killer cells recognize and adhere to the target cells followed by an exocytotic discharge of per- 
forin in response to surface binding. After perforin monomers are released, they insert into the 
target bi-layer cell membrane, polymerize, and assemble into transmembrane pores. This, in turn, 
causes colloid-osmotic injury to the target cells. Perforin pores and the membrane attack complex 
of complement (which consist of CSb, 6,7,8, and C9) have very similar microstructure. In addi- 
tion, perfoiin and C9 have high molecular homology (17). It is interesting that the effector mole- 
cules of cytolysis involved in cell-mediated and huinoral immunological mechanisms are similar, 

To analy~e in more detail the characteristics of the tissue-infiltrating cells, especially their 
pathogenic role, we examined the expression of perforin in CTLs, NK cells, and yS T-lympho- 
cytes by double-immunostdining (1 5). Figure 1 shows that perforin was clearly expressed in the 
peripheral cytoplasmic granules of CTLs, NK cells, and y6 T-lymphocytes. Furthermore, to con- 
firm that these killer cells had the potential to damage the aortic vascular cells by releasing per- 
forin, we examined the expression of perforin molecules in the infiltrating cells by immunoclcc- 
tron microscopy (15). Massive amounts of perforin molecules were released from the surface of 
an infiltrating cell and directly onto the surface of an aortic vascular cell, which was in contact 
with the infiltrating cell. This shows direct evidence that perforin molecules were secreted from 
the infiltrating cells and passcd across the narrow extracellular space to reach the surface of the 
vascular cell and may indicate that perforin-mediatcd direct target cell damage occurred. Perforin 
was also clearly expressed in the peripheral cytoplasm and on the surface of another infiltrating 
cell. 
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I I. 

Figure 1 Expression of perforin (arrows) in infiltrating CTLs (A), NK cells (B), and yS T-lymphocytes 
(C) in aortic tissue from a patient with Takayasu’s arteritis. Douhle-staining hy an enzyme antibody method 
was performed for perforin and surface markers: CD8 (panel A), CD16 (panel B), and TCR y6 (panel C). 
(Original magnification, ~ 2 0 0 . )  (Modified from Ref. 15.) 

Next, we examined the expression of pcrforin in infiltrating cells in the aortic tissue from 
atherosclerotic aortic aneurysm by double-immunostaining for perforin and the surface markers 
CD8 and CD16. We found again &at there was clear expression of perforin in the peripheral cy- 
toplasmic granules of CTLs and NK cells (26). Because there were only few infiltrating y6 T-lym- 
phocytcs in the aortic tissue, we did not study the expression of perforin in y6 T-lymphocytes. Ini- 
munoelectron microscopic studies also demonstrated that the infiltrating cells released massive 
amounts of perforin molecules directly onto the surface of arterial vascular cells (26). These find- 
ings provided evidence that at least a part of the infiltrating cells in the aortic tissue consisted of 
killer cells and strongly suggested that these killer cells played a critical role in the vascular cell 
injury of atherosclerotic aortic aneurysm as well as Takayasu’s arteritis. 

IV. EXPRESSION OF HEAT-SHOCK PROTEIN65 IN AORTIC TISSUE 
WITH TAKAYASU’S ARTERlTlS 

Heat-shock proteins (HSPs) are a highly conserved group of proteins €ound in various cells in 
most organisms. The synthesis of these proteins is known to be increased in response to environ- 
mental stresses, such as temperature changes, irradiation, ischemidreperfusion, inflammation, 
and viral infection. Evidcnce has accumulated that y6 T-lymphocytes can recognizc mycobacter- 
ial antigens, especially HSP-65 (27-291, and niay play a role in various autoimmune diseases 
(30,31). Because there was marked increase of y6 T-lymphocyte infiltration in aortic tissue with 
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Figure 2 Expresbion of HSP-65 in aortic tissue from a patient with Takayaw’s arteritis stained by im- 
iunofluoresccnce. Aortic tissue froin a normal subject (A). Aortic tissue from a patient with Takayasu’s ar- 
teritis (€3 and c). Note that the expression of HSP-65 was markedly increased in the media (B) and in some 
of the vasa vaborum (C)  in Takdyasu’s arteritis. (Original magnification, ~ 2 0 0 . )  (From Ref. 15.) 

Takayasu’s arteritis, we examined the expression of HSP-65 in the aortic tissue. Tbcre was weak 
expression of HSP-65 only in the media of aortic tissue from normal subjects (Fig. 2A). In con- 
trast, the expression of HSP-65 in the media was markedly increased in aortic tissue from patients 
with Takayasu’s arteritis (Fig. 2B). Some of the vasa vasorum also strongly expressed HSP-65 
(Fig. 2C). We found enhanced expression of HSP-65 in aortic tissue from all patients with 
Takayasu’s arteritis studied (15). 

Markedly increased expression of HSP-65 in the media and vasa vasorum supported the 
participation of $3 T-lymphocytes in Takayasu’s arteritis. There was only weak or slightly in- 
creased expression o f  HSP-65 in the media and the vasa vasomm of aortic tissue with athero- 
sclerotic aortic aneurysm. In this context, it i s  interesting that aneurysmal tissue also contains 
very low $3 T-lymphocytes. Xu et al. (32) reported that immunization with IISP-65 induced arte- 
riosclerotic lcsions in normocholesterolemic rabbits. The authors also reported that serum anti- 
HSP-65 antibodies were significantly increased in patients with carotid atherosclerosis (33). 
However, there was no evidence that dominant population of the infiltrating T cells bear TCR 76 
and that HSP-65 is strongly induced in the arteriosclerotic lesions. It is uncertain that HSP-65411- 
duced arteriosclerotic lesions can be a model for human atherosclerosis. Hohlfcld et al. (31) re- 
ported a case of polymyositis highly responsive to steroid therapy that was mainly mediated by 
$5 T-lymphocytes. The authors demonstrated that all muscle fibers strongly expressed HSP-65 as 
well as HLA class I.  Aggarwal et al. (34) reported increased levels of serum antibodies against 
Mycobacterium tuberculosis antigens, especially HSP-65, in patients with Tkayasu’s arteritis. 
Recently, Moraes et al. (35) reported that peripheral lymphocytes from a patient with Takayasu’s 
arteritis were reactive to HSP-65. These data suggest a possiblc pathogenic role of I-ISP-65 in 
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Takayasu’s arteritis. Considering that the number of patients with Takayasu’s arteritis has in- 
creased since bacille Calmette-Gukrin (BCG) vaccination was started in the 1950s, it has been hy- 
pothesized that BCG vaccination in the susceptible host might contribute to the pathogenesis of 
Takayasu’s arteritis (36). 

V. EXPRESSION OF HLA CLASS I, CLASS II, AND INTERCELLULAR ADHESION 
MOLECULE-1 IN AORTIC TISSUE WITH TAKAYASU’S ARTERlTlS 

T cells are thought to recognize antigens presented by syngeneic major histocompatibility com- 
plex (MHC) antigens on antigen-presenting cells (APCs). Furthermore, cell adhesion molecules 
expressed on both immune cells and target cells are thought to play an essential role in cell-cell 
interactions in the immune responses. Among them, intercellular adhesion molecule- 1 (ICAM- 
l ) ,  which belongs to the immunoglobulin superfamily and is a ligand for lymphocyte func- 
tion-associated antigen-1 (LFA-I), is thought to be induced by cytokines on various target cells 
at the sitc of inflammation and to play an important role in the recognition, adhesion, and cyto- 
toxicity of killer lymphocytes (37-41) (Fig. 3) .  To clarify the immunological mechanism that may 
cause persistent vascular cell damage, especially the pathophysiology of T-cell-mediated au- 
toiimune process in Takayasu’s arteritis, we analyzed the expression of HLA class I ,  class IT, and 
ICAM-1 in aortic tissue. Figure 4 shows a representative immunohistochemical stainings for 
€€LA class I, class 11, and ICAM-1 in the aortic tissue from a normal subject and from a patient 
with Takayasu’s arteritis. The expression of these antigens (especially HLA class 1) was moder- 
ately to strongly increased in the vasa vasorum of vessel wall collected from patients with 
Takayasu’s arteritis. 

Figure 3 Scheme showing interactions between T cells and anligcn-presenting cells. 
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Figure 4 Expression of HLA class I, class 11, and ICAM-1 in aortic tissue from a patient with Takayasu’s 
arteritis staincd by iinmunoperoxidasc. Aortic tissue froin a noimal suibjcct (A-C) and that from a patient 
with Takayasu’s arteritis (D-F) were stained for HLA class 1, class II, and LCAM-1, respectively. The ex- 
pression of these antigens wab moderately to markedly increased i n  the vasa vasorum of aortic tissue from 
a patient with Takayasu’s arteritis. (Original magnification, ~ 2 0 0 . )  (From Ref. 15.) 

VI. RESTRICTED USAGE OF TCR AV-BV GENES IN IN~ILTRATIN~ CELLS 
IN AORTIC TISSUE WITH TAKAYASU’S ARTERlTlS 

It is thought that foreign antigens such as viruses are digested and degraded into peptide frag- 
ments in the cytoplasm of APCs and then presented on thc cell surface by MHC antigens. In gen- 
eral, T-cells specifically recognize processed antigcns in association with MHC molecules 
through their TCKs. The TCK a chain consists of variable (AV), joining (AJ), and constant re- 
gions (AC), and the p chain consists of variable (BV), diversity (BD), joining (BJ), and constant 
regions (BC). The specificity of TCR to the antigen is defined by the variable, diversity, andjoin- 
ing gene elements, which are rearranged and joined during T-cell differentiation (see Fig. 4). Ev- 
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idence has accumulated that infiltrating T cells involved local iinmune responses in various au- 
toimmune diseases (42-44), allograft rejection (45), and malignant tumors (46) use a limited 
rmge of TCR genes, strongly suggesting that these T cells specifically interact with a given anti- 
gen and play a pivotal role in the immunopathology. To further characterize the infiltrating cells, 
especially the antigen specificity of infiltrating ap T-cells in Takayasu's arteritis in comparison 
with atherosclerotic aortic aneurysm, we analyzed the expression of TCR AV and RV genes by 
reverse transcription-polymerase chain reaction (RT-PCR) (47). Figure 5 shows the results of 
Southern blot analysis of PCR-amplified products obtained from infiltrating cells in aortic tissue 
with atherosclerotic aortic aneurysm and Takayasu's arteritis. Almost all TCR AV and BV genes 
were expressed in infiltrating lymphocytes from three different patients with aortic aneurysm. 
This indicated that the PCR could successfully amplify AV and BV gene transcripts. In sharp con- 
trast, only a limited number of AV and BV genes were preferentially expressed in the aortic tis- 
sue with Talcayasu's arteriti s. This observation suggests that distinct immunological mechanisms 
are involved in the patliogcnesis of these two aortic diseases. Although the number of patients 
studied was not enough to determine whether there were specific patterns in the expression of AV 
and BV genes among patients, AV2, AVI6, AV17, BV7, and BV13.1 were rearranged in three of 
four patients. The restricted usage of both TCR AV and BV genes by infiltrating cells in 
Takayasu's arteritis could be an indication that a specific antigen in the groove of MHC molecule 
in the aortic tissue was targeted. Conversely, the polyclonal expression of TCR AV-BV genes in 
atherosclerotic aortic aneurysm may indicate nonspecific T-cell recruitment by inflammatory cy- 
tokines rather than by antigen-specific T-cell infiltration. Swanson et al. (48) have also reported 
polyclonal expression of TCR BV genes in human atheroina, supporting our results. However, it 
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Figure 5 Southern blot analysis of the expression of TCR AV and BV gene segments in aortic tissue from 
patients with atherosclerotic aortic aneurysm (1-3) and Takayasu's arteritis (4-7). Polymerase chain reac- 
tion (PCK) waq performed using each of the I8 TCK-AV family-specific a5 well as an AC-specific 5'-primcr 
and a conmon AC 3'-pniner, or each of the 22 TCR-BV family-spccific as well as a BC-specific 5'- 
primer and a common BC 3'-primer. Amplified DNA was hybridized with a 32P-labeled 5'-AC or 5'-RC 
primer. (From Ref. 47.) 
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remains possible that antigen-specific T-cells were present at low frequencies in the atheroscle- 
rotic tissue. 

To investigate the T-cell clonality in more detail, especially to examine whether there was 
a difference in T-cell clonality within the same vascular lesion of Tahyasu’s arteritis, wc ana- 
lyzed the TCR BV clonality in two separate sections of the aortic tissue by RT-PCR and then by 
a single-stranded conformation polymorphism (SSCP). We found that there were several clear 
bands of expressed TCR BV clones in each of the examined BV subfamily. Some of the BV sub- 
I‘amilies were no1 represented. This indicated that the expression of TCR BV clones was restricted 
because polyclonal expression of TCR genes should produce a smear pattern and no banding. In 
addition, patterns of the bands of expressed TCR BV clones in separate pieces from the same le- 
sion werc almost the same, strongly suggesting that TCR BV clonality o f  the infiltrating cclls in 
the two parts were shared. 

VII. EXPRESSION OF COSTIMULATORY MOLECULES IN AORTIC TISSUE 
WITH TAKAYASU’S ARTERITIS 

It is thought that T cells need to receive two signals from APCs to he activated. The main signal 
is provided by TCR engagement with the anligen/MHC complex, and the second signal is pro- 
vided by costimulatory receptor-ligand pairs expressed on T-cells and APCs (see Fig. 3). Among 
them, the molecules B7-1 and B7-2, which belong to the immunoglobulin superfamily, are the 
most extensivcly characterized and appear to be critical (49-53). Other costirnulatory molecules 
belonging to the TNP receptorhigand superfamily have been identified and have been character- 
ized over the past several years (5435). These molecules include CD271CD27 ligand (CD27L, 
CD70), CD30ICD30L (CD153), CD4O/CD4OL (CDl541, OX40 (CD134)/OX4OL, and 4-1BB 
(CDI 37)/4-I BBL. Evidence has accumulated that costirnulatory molecules belonging to the TNF 
receptordigand superfamily play a pivotal role in T-cell-mediated immune responses, T-cell-de- 
pendent help for B cells, and humoral immune responses. To investigate the T-cell-mediated im- 
munological mechanism of vascular injury in Takayasu’s arteritis, we analyzed the expression of 
these costimulatory molecules on infiltrating cells as well as in the aortic tissue. We found that 
there was moderate to strong expression of B7- 1 ,  B7-2, CD40, CD27L, CD30L, and 0x401, in 
the lesions of Takayasu’s arteritis. We also found that at least some of the infiltrating immuno- 
cytes in the aortic lesion expressed the counterparts CD28, CD40L, CD27, CD30, and 0x40. EX- 
pression of these costimulatory molecules in aortic tissue and their counterparts on the infiltrat- 
ing cells in aortic lesions of Takayasu’s arteritis provided further evidence for the involvement of 
T-cell-mediated immunological mechanism in the disease proccss. 

VIII. S~MMARY 

1. The infiltrating cells in Takayasu’s arteritis mainly consist of y& and ap T-cells and 
NK cells, whereas there are only few infiltrating yS T-cells in atherosclerotic aortic 
aneurysms. 
Pcrforin is expressed by yS T-cells, CTLs, and NK cells in Takayasu’s arteritis, and by 
CTLs and NK cells in atherosclerotic aortic aneurysms. Infiltrating cells could injure 
vascular cells by releasing perforin. 
As expected, the expression of HSP-65 as well as HLA class I and 11 is enhanced in the 
lesion of Takayasu’s arteritis. 
TCR ap gene usage in infiltrating cells in Takayasu’s arteritis is restricted, whereas 
that in atherosclerotic aortic aneurysm is broad. 

2. 

3. 

4. 
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5.  TCR BV clonality of infiltrating cells in Takayasu’s arteritis was similar within isolated 
sections of the lesion. 

6. Costimulatory molecules are moderately to strongly expressed in lesions of Takayasu’s 
arteritis. 

In conclusion, these findings suggest that a specific antigen may be involved in the vascu- 
lar injury in Takayasu’s meritis. Identification of such a specific antigen could facilitate a better 
understanding of the pathological mechanism of Takayasu’s arteritis as well as the development 
of immunotherapy for Takayasu’s arteritis. 
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Takayasu’s Arteritis: Clinical Aspects 

Fuji0 Numano 
Tokyo Medical and Dental University, Tokyo, Iapan 

1. INTRODUCTION 

Takayasu’s arteritis (TA) is a chronic idiopathic vasculitis that variably involves the aorta and/or 
its main branches and the coronary and pulmonary arteries. Inflammation results in stenosis, oc- 
clusion, or aneurysm formation. The last may rarely progress to vascular rupture and death (1,2) 
(Fig. 1). 

The first report of TA was in 1830 by R. Yrunamoto (3). The first scientific presentation of 
TA was in 1905 by Mikito Takayasu, at the 12th annual meeting of the Japan Ophthalmology So- 
ciety. He described a 21-year-old woman who had a peculiar optic fundus abnormality, character- 
ized by coronal anastomoses (43) (Fig. 2). At that meeting, K. Ohnishi and T. Kagoshima each 
presented similar cases and also noted that their patients lacked a palpable radial pulse (5). In 1940, 
K. Ohta (6) performed the first autopsy of a patient with TA. The patient was a 25-year-old female 
who had this characteristic optic fundus feature, which was associated with obstruction o€ cervi- 
cal vessels. He suggested that the wreath of vessels around the optic disc represented neovascu- 
larization and anastomoses secondary to ischemia. In 1951, K. Shimizu and K. Sano (7) summa- 
rized the clinical features of the first 25 reported cases, plus their own six cases and pointed out 
“pulselessness,” “coronal anastomosis of retinal vessels,” and an “accentuated carotid sinus” as the 
triad of this condition, which they called “pulseless disease.” 

Since 1975, in Japan, patients with Takayasu’s arteritis have been registered by the Ministry 
of Health and Welfare as intractable vasculitis of large vessels. Five thousand patients have since 
been identified (S), and approximately 100 to 200 new patients are recognized every year. 

II.  CHANGING CLINICAL SPECTRUM OF TAKAYASU’S ARTERlTlS 

Takayasu’s arteritis is known to occur predominantly in women. There are also marked ethnic 
preferences (1,2,9). High prevalei~ce rates are reported in Asian countries, such as Japan (1 O),  
Korea ( 1  l), China (12), India (1 3) ,  Thailand (14), Israel (15), Turkey (16), and certain Central and 
South American countries such as Peru ( 1  7), Columbia ( I  S), Mexico ( 1  9), and Brazil (20). Taka- 
yasu’s arteritis is less common among Caucasian populations (2). A recent international survey 
among 20 countries revealed some characteristic differences of clinical signs in different ethnic 
groups (1,8,21,22). 

Recent progress in medical technology has made it possible to diagnose TA before pulse- 
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Figure 1 
ycar-old male). 

Digital subtraction anpiognphy ( I ISA) and 3D-CT of a patient with Takayasu's artcritis (24- 

lessness occurs. Noninvasive angiographic analysis by CT and/or MRA has made it casicr to 
image vessels without risk. Vascular anatomy and qualitative fcaturcs of the vessel wall can bc as- 
sessed sequentially over time. Magnetic resonance imaging (MRI) avoids repeated radiation ex- 
posure (23-25). Early diagnosis and early treatment are changing clinical features compared with 
those noted in earlier studies. 

In Japan, patients with TA, in general, comc to clinics with complaints related to the ab- 
normal ccrchral or uppcr cxtrcmity blood flow. 'Table 1 summarizes the frequencies of complaints 
in clinic patients. These data rn hased on the first and second Japanese National Survcys of 
Takayasu Arteritis (8,IO). A high prcentagc of complaints due to ophthalmic and cerebral is- 
chcmic conditions wcrc rccordcd. The second National Survey of Takayasu Arteritis was carried 
out 10 years after the first survcy. It revealed almost the same clinical manifestations except a re- 
duction of more than 20% of cerehrovasci~l:v disorders. It appcars that carly diagnosis and early 
trcatmcnt may hc responsible for this rcmarkahle rcduction in severe cerebrovascular disease. 

A subcommittee of the American College of Rheumatology recently excluded thc rarely cn- 
countcrcd ophthalmic findings from the critcria for TA (26). As shown in Figure 3A. although the 
cases of blindness duc to thc severe retinal ischemia are decreasing, there are still many patients 
who develop poor visual acuity or blindness. Ophthalmological follow-up rcmains an important 
aspcct of care for TA. hoth because of possible ischemic retinopathy or cataracts (Fig. 3H) or 
glaucoma. 

Cardiac involvement may lead to arrhythmias, ischemic hcart discasc. and congestive heart 
failurc. Aortic regurgitation may rcsult from aortitis and dilatation of the ascending aorta (Fig. 4). 
Vasculitis may involvc thc coronary arteries (1,2,26,28,29). Severe aortic regurgitation may also 
impair h l t d  flow to patcnt comnary arteries. Inflammatory lesions of TA have k e n  shown to ac- 
cclcrate the progression of focal atherosclerosis (30-32). Recause corticosteroid therapy has fur- 
ther aggravated this complication and patients' life expecbncics arc now much longer, athcro- 
sclerosis is being increasingly recopizecl. Cardiac complications have become the most common 
cause of death in patients with TA. 
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Figure 2 Typical coronal anastomosis of retinal vessels observed in ydkayasu’s arteritis. 

Table 1 Clinical Symptoms of Takayasu’s Arteritis 

1973 to 1975 1982 to 1984 
(major complaint at (throughout the 
initial consultation) course of disease) 

No. Cases (%) No. Cases (%) 

Cerebrovascular disorder’ 
Ophthalmological symptoms 
Cardiac symptoms 
Hypertension 
Vascular disorder in the extremitiesb 
Acute painc 
Systemic symptoms 

873/1351 (64.6) 
31011297 (23.9) 
742/1344 (55.2) 
606/1336 (4.5.4) 
969/1341 (82.3) 
492/1292 (38.1) 
885/1324 (66.8) 

55111302 (42.3) 
MU1276 (23.6) 
536/1296 (41.4) 
734/1318 (55.7) 
930/1261 (73.8) 
288/1255 (22.9) 
769//1280 (60.1) 

aSymptoms/signs of cerebral ischemia 
’Extremity Ischemia. 
cVascula pmn. 
Source: Ref. 10. 

Renal failure associated with ncphrotic syndrome has become increasingly recognized in 
Japan (10). 

Figure 5 demonstrates the clinical status of 897 patients with TA surviving through 1998 
(unpublished observations). Seventy-one percent of patients were well controlled (Groups 1 or 11) 
enjoying almost normal healthy lives. Twenty-five percent of patients (Groups IV and V) were 
suffering from severe complications of TA such as aortic regurgitation, hypertension, ischemic 
heart disease, congestive heart failure (CHF), poor visual acuity, strokes, or renal failure. 
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Figure 3 (a) Fluorescent retinal angiography in a 20-year-old woman. Notc the many retinal microan- 
eurysrns. (b) Forty-five-year-old patient in whom long-standing Takayasu’s arteritis and corticosteroid ther- 
apy were complicated by monocular blindness due to a left-sided cataract at age 32. 

Figure 4 MRI and 3D-CT of a patient with dilated ascending and thoracic aorta causing aortic regurgita- 
tion. ‘I‘hrombus was recognized at aortic arch. White plaques in 3D-CT demonstrate calcified thickened aor- 
tic wall. 
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Figure 5 Clinical condition of paticnts with Takayasu arteritis. Group 1: stable clinical condition not rc- 
quiring steroid therapy. Group II: Stable clinical condition, but medical treatment including corticosteroid 
therapy necdcd. Group 111: Despite medical and/or surgical treatment, repcated rcfapses and gradual pro- 
gression occurred. Groups IV and V Serious complications of disease and treatment occurred, including 
aortic regurgitation, ischemic heart disease, dissecting aneurysms, pulmonary infarctions, transient ischemic 
attacks, strokes, cataracts, psychogenic dysfunction, renal impairment, and renovascular hypertension. 
(Data from Research Comniittec for Intractable Va.;culitis, Ministry of Health and Welfare, Japan, 1998, un- 
published.) 

Ill. DIFFERENT CLINICAL SPECTRUM AMONG ASIAN COUNTRIES 

Takayasu’s arteritis is more prevalent in Asian and South American countries than elsewhere. A 
recent international survey revealed that the clinical spectrum of TA may not be the same in other 
countries as in Japan. Figure 6 sliows a comparison of clinical manifestations in Japanese and In- 
dian patients. Many Japanese patients have a weak or absent radial pulse and suffer from aortic 
regurgitation due to involvement of the ascending aorta and the primary aortic arch branch ves- 
sels (1,2,21,22). On the other hand, hypertension is the most characteristic manifestation in In- 
dian patients, suggesting a high frequency of  lesions in the abdonunal aorta, including the renal 
arteries, leading to renovascular hypertension (13,34). This is also true for Takayasu’s patients in 
China, Korea, and Thailand ( I  1,12,14). Yajima et al. (21) confirmed these differences in a com- 
parison study of angiographic findings in Korean, Indian, and Japanese patients. Japanese patients 
frequently showed involvement of the aortic arch and its branches, whereas both Indian and Ko- 
rean patients more often exhibited involvement of the abdominal aorta (22). Influenced by these 
findings, in 1994, thc XI International Conference on Takayasu Arteritis eslablished a new clas- 
sification of angiographic findings (Fig. 7) (23). Figure 8 shows a comparison of angiographic 
findings, based on the new criteria, among 80 Japanese, 102 Indian, and 64 Thai patients. Statis- 
tically significant high frequencies of type 1 or type 2 were recorded in Japanese patients corn- 
pared with both Indian and Thai patients (14,21,23). On the other hand, 28% of lndian and 18% 
of Thai patients showed type 4, in contrast to only 1.3% of Japanese patients exhibiting limited 
involvement of the abdominal aorta. These finding support other studies that have noted a differ- 
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Figure 6 Frequencies of complications in Takayaw arteritis in Japan and India. Note: High frequencies 
of hypertenzion and retinopathy are recogni1ed in Indian as compared with Japanese patients. On the other 
hand, Japanebc patients more frequently had complicated aortic regurgitation than Indian patients. 

A IIb 

Figure 7 The International Conference on Takayaw Arteritis (1994) rcvibect classification of vessel 
anatomy. Typc I involves branches of the aortic arch. Type JIa involves the ascending aorta and the aortic 
arch and its branches. Type Ilb involves the Type IIa region plus the thoracic descending aorta. Type 111 in- 
volves the thoracic descending aorta, abdoniinal aorta, andor renal arteries. Type IV involves only abdom- 
inal aorta a i d o r  renal arteries. Type V involves the entire aorta and its branches. 
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Figure 8 Typc I and II changes are more frequently seen in Japanese patients, whilc type 111 and IV 
changes we more frequent in both Indian and Thai patients. 

cnt clinical spectrum of disease phenotype in Japan and other Asian countries. In contrast, an- 
giographic studies from Columbia (18), Mexico (19), Brazil (20) and the United States (34) have 
suggested that the pattern of vessel involvement is similar to that noted in Japan. 

The diagnosis of TA is often delayed due to nonspecific symptoms and many physicians not being 
familiar with this disease. Most patients come to clinics with complaints of cerebral vascular dis- 
turbance, such as dizziness, tinnitus, syncope, visual disturbance, and/or headache. Inflammatoiy 
signs such as fever, fatigue, swollen cervical lymph nodes or neck pain in young females some- 
times tend to be misdiagnosed as tuberculosis. viral infection, rheumatoid arthritis, Rehqet’s dis- 
ease, and/or a psychosomatic reaction. 

On physical examination, the findings of pulselessness and/or differences in blood pressure 
between extremities and bruits are helpful in leading to the diagnosis of TA. “Bird-like faces” due 
to atrophy of facial muscles, intermittent claudication of jaw muscles, perforation of nasal sep- 
turn duc to long-term cervical circulatory disturbances are also helpful signs. Table 2 shows the 
frequency of abnormal clinical laboratory, chest x-ray, and electrocardiogram (EKG) findings in 
TA from the first and second Japanese National Surveys. In the Japanese experience, abnormali- 
ties of erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) correlated with clini- 
cal features of inflammation and were useful tools to follow disease activity and adjust corticos- 
teroid therapy. The second National Survey in Japan (10) indicated that 88% of patients with 
active disease had increased ESR values (>20 &) and 69% had a positive CRP (>20). These 
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Table 2 Findings of Laboratory Examinations in Patients with Takayasu’s Aderitis 

1973 to 1975 
(at the initial consultation) 

No. Cases 1%) 

1982 to 1984 
(at deterioration) 

No. Cases (%) 

Enhanced erythrocyte sedimcntation 
Increased WBC 
Anemia 
Increase in y-globulin 
Increase in antistreptolysin-0 (ASLO) 
CKP positive 
RA positive 
Positive Wassermann reaction 
Positive tuberculin reaction 
Increase in casdiothoracic ratio 
Aortic calcification 
Abiioi-nial EKG 

868/1193 (72.8) 
437/1249 (35.0) 
563/1175 (47.9) 
483/1008 (47.9) 
155/1067 (14.5) 
666/1287 (51.7) 
108/1185 (9. I)  

366/532 (68.8) 
413/1028 (40.2) 
2391’1 160 (20.6) 
538/1221 (44.1) 

23/1105 (2.1 j 

997/1130 (88.2) 
506/1160 (43.6) 
629/1149 (54.7) 
502/972 (51.6) 
142/920 (15.4) 

800/1153 (69.4) 
119/1030 ( I  1.8) 

25/863 (2.9) 
241/342 (70.5) 

25 1/1142 (22.0) 
578/1169 (49.4) 

Source: Kcf. 10. 

observations are in contrast to those from the American experience at the National lnstitutes of 
Health. In that study, acute phase reactants correlated with clinical, angiographic and biopsy 
proof of active disease in only about 50% of cases (34). Hypergammaglobulinemia and leukocy- 
tosis were noted in 52% and 4496, respectively. Accelerated platelet aggregation, hyperfibrino- 
gcncmia, and increased expression of vascular adhesion molecules (35) reflect activation of the 
coagulation cascade and endothelium, respectively. More than half of Japanese patients are found 
to carry a haplotype of HLA A24452-DR2, which may suggest the participation of genetic fac- 
tors in the pathogenesis of TA (36,37). Patients carrying this haplotype were more prone to hav- 
ing severe, rapidly progressive disease, compared with those without this haplotype (38). 

Imaging modalities such as compuled tomography (CT), MRI, and/or magnetic resonance 
angiography (MKA) are very useful noninvasive tools for diagnosis of TA, even in the early stages 
of illness. Vascular stenoses, dilatation, aneurysm formation, and thrombosis can be demonstrated 
without serious burden to patients (39,40) (see Fig. 1). These techniques are also very useful to 
follow the effects of treatment (41). Insofar as aortic regurgitation (AR) due to dilatation of the 
ascending aorta is a very significant complication of TA and may affect prognosis, follow-up of 
the aortic root diameter by MR or CT is critically important (29,38,42). Angiography remains an 
important means of evaluation that allows imaging of the vessel lumen, as well as providing op- 
portunities to record intravascular blood pressures, determine pressure gradients, and perform 
therapeutic interventions such as angioplasty. 

Table 3 lists the guidelines for clinical diagnosis of TA, as proposed by the Committee on 
Takayasu Arteritis of the Ministry of Health and Welfare in Japan (43). Other criteria, suggested 
by the American College of Rheumatology (1990), consist of six features (26): age less than 40 
years, claudication for an extremity, decreased brachial artery pulse pressure (>lo mm Hg dif- 
ference in systolic pressure between arms), a bruit over subclavian arteries or aorta, and atigio- 
graphic evidencc of narrowing or occlusion of the aorta or its primary or proximal branches. Pres- 
ence of three out of six criteria is required for the diagnosis. By those criteria, patients in Asian 
countries whose abdominal aorta is predominantly involved can be underdiagnosed (23). Fur- 
thcnnore, ophthalmological findings and/or symptoms were not included, perhaps due to their 
low frequency in American patients. 
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Table 3 

1. Symptoms 

Guidelines for Making a Clinical Diagnosis of Takayasu’s Arteritis 
__ 

(a) Cerebral ischemia: vertigo (especially when looking upward), fainting spells, visual disturbancc 

(b) Ischemia of the extremitres: cold fingers, easy ktigability of the upper extremilics 
(c) Stenosis of the aorta or renal arteries: headache, vertigo, shortnebs of breath, which are considered 

(d) Generalized symptoms: slight lever may be recognized at the onsct of the disease 

(a) Abnormalities of the pulse of the upper extremities (weak or diminution andlor right/left diffcrence 

(b) Abnormalities of the pulse of the lower extremities (accentuation or decrease of the pulse) 
(c) Vascular murmur in the arteries of the neck, back, or abdomen 
(d) Ophthalmological abnormalities 

3. Abnorinalities in laboratory examination 
(a) Increased erythrocyte sedimentation rate 
(b) Positivc C-reactive protein 
(c) Increase in y-globulin levels in the serum 

(a} Prevalent in young women 
(b) Final clinical diagnosis can be madc by aortogrdphy 

malities 

(especially at direct sunshine) 

due to hypertension 

2. Important findings for diagnosis 

of the radial pulse) 

4. Important diagnostic points 

5. Differential dkgnosis: Buerger’s disease, arteriosclerosis, collagen disease, congenital vascular abnor- 

V. TREATMENT 

Since ihe etiology of TA i s  still unknown, treatment is not curative, but rather is primarily med- 
ical and syniptornatic. Indications for surgical treatment should always be kept in mind. Reno- 
vascular hypertension, coarctation of aorta, severe cerebral ischemia, severe aortic regurgitation 
causing congestive heart failure, or progressive aneurysnlal enlargement or dissection may all re- 
quire prompt surgical treatment. Medical therapy for these conditions is generally inadequate. 
Ideally, surgical treatment should be provided when inflammatory disease has been adequately 
suppressed. 

A. Medical Treatments 

Corticosteroid and antiplatelet therapies are the essential therapies of this morbid condition. Sig- 
nificant improvement can be achieved with corticosteroids, particularly during acutely active dis- 
ease. Treatment may be initiated with prednisolone, 20-30 mg/day, followed by reduction. after 
disease is adequately suppressed, by 5 mg/day every 2-3 weeks when clinically feasible, as dc- 
termined by symptoms, ESR, and CRP (38,44). The target maintencame dose is 5-10 mg/day. 
Once this maintenance dose is achieved and the patient is stable for some time, later tapering to- 
ward discontinuation may be possible. Patients with the HLA A24-B52-DR2 haplotype may re- 
quire larger doses (30-40 mg) of corticosteroids for longer periods than patients without this hap- 
lotype (38). Some investigators of TA have advocated initial therapy with higher doses (34). 

ve therapies have been used in Japan for some timc, 
their effects are less than remarkable. Conventionally, 100 mg of cyclosporin has been adminis- 
tered daily or every other day together with 10-20 mg/day of prednisolone. Others have found 

Cytotoxic and other iinmunosuppre 
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weekly treatment with methotrexate useful toward achieving better control of active disease arid 
allowing lower maintenance doses of corticosteroids (45). 

We believe that antithrombotic therapy is essential in the treatment of TA. Thrombus for- 
mation is easily induced on the rough surface of the injured vessel wall. Active inflammation ac- 
celerates thrombus formation. When thrombus is forming or established, anticoagulant therapy 
with or without fibrinolytic treatment may be necessary. Antiplatelet therapy should be consid- 
ered in all patients for protection from thrombus. In Japan, a small dose (81 mg/day) of acetyl- 
salicylic acid is popular. Other antiplatelet drugs such as dipyridamole, ticlopidin, or cilostazol 
may also be employed (46). 

B. Surgical Treatment 

Surgical procedures may be indicated for treatment of 'I'A in the following situations: (1) severe 
aortic coarctation, (2 )  severe aortic regurgitation, (3) severe hypertension, (4) congestive heart 
failure, (5) renovascular hypertension, (6) severe cerebrovascular disease due to stenoses of cer- 
vicocranial vessels, (7) progressive aneurysm enlargement, and (8) dissecting aneurysm (47). The 
Bental operation is a very effective procedure for aortic regurgitation. The timing of surgery musl 
be carefully assesscd in regard to achieving disease stability vis-h-vis infl'mmation, hypertension 
and hemodynamic status in order to provide optimal results. A variety of grafting and bypass pro- 
cedures can also be performed (see the following chapter). 

VI. PROGNOSIS 

Early diagnosis and initiation of treatment leads to improved prognoses. Regardless of disease ac- 
tivity and treatment, it is very important to follow patients carefully at regular intervals. This is 
particularly relevant to anatomical abnormalities that may be progressive and contribute to hy- 
pertension, stroke, heart failure, myocardial infarction, and severe gut or extremity ischemia. Sec- 
ondary atherosclerosis may cause focal lesions to become progressively worse, even in the ab- 
sence of inflammation. Congestive heart failure, with or without arrhythmia, is the leading cause 
of death in Japan, whereas cerebral vascular complications are more common in other Asian 
countries. It is noteworthy that, in Japan, improved life expectancy for TA has led to increasing 
awareness of renal dysfunction, associated with nephrotic syndrome. 
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Takayasu’s Arteritis: Surgical Treatment 

Joseph M. Giordano 
George Washington University Medical Center, Washington, D.C. 

I. INTRQDUCTIQN 

Treatment o f  Takayasu’s arteritis presents unique clinical problems to the surgeon that impact on 
the outcome of treatment. The disease is infrequent, with an annual incidence in one study of 2.6 
cases per one million inhabitants (1,2). Most vascular surgeons rarely, if ever, sce a case of 
Takayasu’s artcritis. The ultimate outcome for patients with Takayasu’s artcritis depends in part 
on the appropriate management of ischemia to vital organs. It is tempting and even appropriate to 
use principles learned in the treatment of elderly patients with advanced atherosclerosis as guide- 
lines in the management of patients with Takayasu’s arteritis. The differences, however, between 
atherosclerosis and Takayasu’s arteritis are real and must be considered before surgical treatment 
of Takayasu’s arteritis is undertaken. 

I I .  GENERAL PRINCIPLES OF SURGICAL TREATMENT 

1. Patients with Takayasu’s arteritis are young, but have significant medical problems thdl 
could complicate a surgical procedure. They frequently have hypertension, often un- 
recognized. Left ventricular hypertrophy and congestive heart failure are common se- 
quelac of unrecognized systemic hypertension (3). Takayasu’s arteritis can affect the 
coronary arteries (3,6). The patients are frequently on steroids and immunosuppressive 
drugs which may have an impact on the surgical treatment. Therefore, although these 
patients are young, medical problems require careful coordination of medical and sur- 
gical services. 
Percutaneous transluminal angioplasty is becoming an effective alternative to bypass 
surgery in certain situations (7,lO). Takayasu’s arteritis presents the interventionist 
with a uniquc set of technical problems. The walls of the arteries are rigid and non- 
compliant, with the disease affecting all three layers of the artery. At times, the inter- 
ventionist needs three to five attempts before the “waist” of the narrowing is elimi- 
nated. Thcre is a possibility that the impact of trauma from the arterial dilation could 
rapidly cause restenosis in these clinically inflamed arteries. As in arteries affected 
with atherosclerosis, dilatation and arterial stenting for patients with Takayaw’s ar- 
tcritis works best in arteries that have short segment stenosis and high flow. 
The timing of operativc procedures is debatable (11,12). Most cases do not require 
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emergency surgery, but can be done as an elective procedure allowing time for medical 
evaluation. Performing an operative procedure while the patient still has active disease 
should be discouraged, but can be done if necessary. 
In general, bypass of diseased arteries is the procedure of choice. Endarterectomy is 
difficult because Takayasu’s ark affects all the layers, making endartcrectomy 
more technically challenging than in patients with atherosclerosis. Note that even 
though the anastomoses of bypasses are always done in arteries that appear normal on 
arteriography, 44% of biopsies taken from the arteries show microscopic evidence of 
active disease (13). This may have long-term impact on the anastomatic sites. 
Patients with Takayasu’s disease are young and have a long life expectancy. Since it is 
unusual to follow elderly patients with atherosclerosis who have had bypasses for more 
than 20 years, it is not clear whether bypass grafts or their anastomoses in patients with 
Takayasu’s arteritis will last longer than 20 years. 

4. 

5. 

111. CEREBROVASCULAR DISEASE 

Lateralizing cerebrovascular symptoms, including stroke, transient ischemic attacks, and amau- 
rosis fugax, are not uncommon presenting symptoms in patients with Takayasu’s arteritis (1,11, 
14,6). In elderly patients with atherosclerosis, localized cerebrovascular symptoms occur usually 
from emboli due to turbulence originating from local plaquc formation at the carotid bifurcation. 
Patients with cerebrovascular involvement from Takayasu’s arteritis do not have local plaque for- 
mation, but instead have long, smooth, tapered stenoses that can involve the entire length of an 
artery such as the common carotid artery. It would appear less likely that this type of arterial dis- 
ease could be a source of emboli. 

Stroke in Takayasu’s arteritis is most likely to result from occlusion of one or more major 
arteries of the thoracic aorta (12) (Fig. 1). Knowledge of the blood supply to the brain and the 
pathology of cerebrovascular involvement in Takayasu’s arteritis is important. The brain receives 

1 2 3 4 

Figure 1 Aortic arch arteriograms in four patients with Takayasu’s disease who presented with a stroke. 
Patienl I :  Both the innominate and the left carotid arteries are totally occluded. The left subclavian artery is 
open with the left vertebral being the only artery to the brain. Patient 2: The left subclavian and the left com- 
mon carotid arleries are occluded. The patient has an innominate artery but the right subclavian artery is oc- 
cluded. There is also disease present in  the right cominon carotid artery, the only vessel to the brain. Patient 
3: The right common carotid artery is occluded. Patient 4: The innominatc artery is totally occluded, which 
means both the right carotid and the right vertebral arteries are not providing antegrade blood flow to the 
brain. 
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its blood supply from four arteries, two carotids and two vertebrals. The two vertebrals originate 
from the subclavian arteries, the right carotid artery originates from the innominate and the left 
carotid artery usually comes directly off the aortic arch. Since the right subclavian and the right 
common carotid are the two branches of the innominate artery, this artery supplies both the right 
vertebral and the right carotid, in other words, the entire right side of the brain. 

The subclavian and carotid arteries are most commonly involved in Takayasu’s arteritis, 
with the innominate slightly less frequently affected. It is common for all the major thoracic arch 
arteries to be involved with long, tapered stenoses. A sudden occlusion of one of these involved 
arteries could cause a stroke (12) (Fig. 2). The author has seen asymptomatic patients with left 
subclavian and, therefore, its left vertebral branch as the only branch of the thoracic aorta not oc- 
cluded and therefore the sole source of blood supply to the brain. If that artery occludes, a mas- 
sive stroke could occur. 

Since most Takayasu’s patients have severe anatomical cerebrovascular involvement with- 
out symptoms, there is a question whether these patients should have a prophylactic bypass to pre- 
serve or even increase blood flow to the brain in casc one of the involved arteries suddenly oc- 
cludes. Thcrc is no large series that proves that prophylactic bypass is indicated. However, the 
author recommends that if there is significant involvement of more than one of thc major branches 
of the thoracic aorta, then revascularization should be done prophylactically to prevent a major 
stroke ( 1  2). The graft should originate off the ascending aorta, infrequently involved with 
Takayasu’s arteritis and then be anastornosed to the subclavian and/or both carotid arlcrics. 
Takayasu’s arteritis may affect almost the entire length of thc common carotid arteries, but does 
not usually aKcc1 the bifurcation of the carotid artery, so that there usually i s  an area macroscop- 
ically free of disease to serve as the site of the distal anastomosis. 

Figure 2 This is a classic arteriogram of a Takayasu’s patient with cerebrovascular involvement. The pa- 
tient is asymptomatic. Note that the left subclavian artery is occluded. The left common carotid and to a 
lesser extent the right common carotid arteries have significant stenoses. Occlusion of the right or left com- 
mon carotid artery could C ~ U S C  a significant stroke. This is the typc of patient in whom revascularization of 
the ccrebrovascuiar blood supply may be important to prcvent a stroke. 
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ER EXTREMITY 

Involvement of the subclavian and axillary arteries frequently causes upper extremity ischemic 
symptoms. Gangrenous changes in the hands and arms are rare. Upper extremity symptoms of fa- 
tigue and pain with exercise are far more common. It is also important to note that since patients 
with Takayasu’s arteritis are young and more active, the arm ischemic symptoms are more likely 
to interfere with patients’ lifestyles. Bilateral involvement of the upper extremities also prevents 
accurate assessment of arterial blood pressure, which in norinal circumstances is measured from 
the brachial artery. These patients may have undiagnosed systemic hypertension, a serious source 
of morbidity and mortality. In these patients, revascularization of the upper exlremities should be 
strongly considered as a way to document and treat patients with systemic hypertension. 

V. ~ ~ ~ E R  EXTREMITY 

Involvement of arteries to thc lower exeemities can cause claudication and, in unusual circum- 
stances, rest pain, ulceration, or gangrene (1,ll). Claudication occurs from involvcrnent of the 
terminal aorta and, to a lesser extent, the iliac arteries. The aortic involvement usually begins just 
below thc renal arteries and ends just above the aortic bifurcation often sparing the distal aorta, a 
peculiar pattern (Fig. 3). It is unusual for Takayam’s arteritis to involve the common femoral ar- 
tery and its distal branches. 

Most patients with leg claudication due to atherosclerosis can be treated conservatively 
with an exercise program. However, when the arterial disease of Takayasu’s arteritis causes steno- 
sis of the abdominal aorta, it is unlikely that an exercise program will be effective. Since these pa- 
tients arc young and more likely to have active lifestyles, indication for surgical treatment of 
Takayasu’s arteritis with severe claudication should be more liberal than in the older patients with 
claudication due to atherosclerosis. To bypass the affected distal aorta, the graft usually originates 
in the distal thoracic aorta. 

Figure 3 Peculiar involvement of the abdominal aorta in a patient with Takayasu’s arteritis. Note that the 
distal part of the aorta is sparcd of disease whereas proximal to it there is significant narrowing. 
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VI. RENAL ARTERY STENOSIS 

The incidence of hypertension secondary to renal artery stenosis has been reported in up to 72% 
of patients (1,15-17). Since the morbidity and rnortality of Takayasu’s arteritis are frequently due 
to cardiac decompensation from prolonged systemic hypertension, it is important to diagnose and 
trcat hypertension. Renal artery stenosis, the most common cause of hypertension in patients with 
Thkayasu’s ‘ateritis, is easily diagnosed with arteriography and should be treated initially with 
percutaneous transluminal angioplasty. 

Percutaneous transluminal angioplasty is assuming an important role in thc management of 
renal artery stenosis. Since the involvement of the renal artery tends to be a short segment lesion, 
percutaneous transluminal angioplasty is ideally suited for this type oE stenosis. However, the 
chronic changes in Takayasu’s arteritis make the artery more rigid than the arteries affected by 
atherosclerosis. Therefore, the angiographer may need three to five attempts to dilate the lcsion 
before elimination of the stenosis is achieved. Despite these technical problems, the initial suc- 
cess rate is good with some studies showing patency of 85 to 95% (8,lO). Follow-up has been rel- 
atively short in most trials. The iong-term benefits of stenting to maintain renal artery patency i s  
currently unknown. 

If percutaneous transluminal angioplasty is unsuccessful, bypass of stenotic renal arteries 
is indicated to treat renal artery hypertension or to prevent chronic renal disease, Due to involve- 
ment of the abdominal aorta with Takayasu’s arteritis, the usual inflow site for bypass ofrcnal ar- 
teries presents some technical challenges to surgeons, although, in general, these procedures are 
successful with good long-term results ( I  ,I 1,14). 

VII. A N ~ U R Y S ~ S  

The incidence of aneurysms in patients with Takayasu’s arteritis varies in different parts of the 
world, In the North American experience, aneurysms in major arteries represents one-fourth of all 
vascular lesions (1 3) ,  compared with being noted in 22 to 72% of patients reported from India, 
Japan, and South Africa (1,6,18-20). The incidence of aneurysm rupture is exceptionally low. The 
author still recommends resection in medically stable patients who have large aneurysms. With 
good medical care, this young population has a long life expectancy, much longer than patients 
with aneurysms from atherosclerosis. Although the rupture rate of aneurysms is low, these patients 
with a relatively long life expectancy ultimately havc greater risk of aneurysm rupture. 

VIII. CONCLUSIONS 

The low incidence of Takayasu’s arleritis and unusual patterns of vascular involvement make sur- 
gical treatment of this form of vasculitis challenging. However, with careful attention to details, 
knowledge of what vesseis are likely to become involved over time, consultation with the med- 
ical service, and, in general, using conservative indications for surgical procedures, patients with 
Takayasu’s arteritis can undergo vascular operations safely and have expectations for good long- 
tcrm results. 
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1. INTRODUCTION 

In 1937, thc Turkish dermatologist H. BehGet called attention to the association of oral and gen- 
ital ulceration with hypopyon-uveitis (I). Since then, Beh~et’s disease has become associated 
with a number of additional clinical manifestations, each attributed to an underlying vasculitis. 
Vessels of all sizes may be affected. The most typical clinical lesions are mucocutaneous, re- 
flecting involvement of small vessels, but inflammation o f  the aorta and its hranches and veins of 
all caliber i s  also possible. The diseasc is recognized worldwide, but there are significant differ- 
ences in the epidemiological, genetic, and clinical characteristics of the disordcr among ethnic 
groups and in different geographical locations. As there are no specific manifestations or specific 
diagnostic tests, the tcrm “Behget’s syndrome” is preferred by some authors, especially for pa- 
tients from low-prevalence areas whose disease manifestations are generally less severe and pos- 
sibly due to other underlying conditions (2). The diseasc is associated with significant morbidity 
and mortality. Treatmenl is dependent on the site and severity of manifestations (3). 

II. EPIDEMIOLOGY 

The prevalence OC Behget’s disease is highest in countries of the eastern Mediterranean, the Mid- 
dle East and the eastern Asian rim. This geographical distribution coincides with the historic “silk 
road” of commerce and travel between Europe and the Orient. It is postulated that either agents 
responsible for the disease or the necessary genetic susceptibility traveled with the ancients along 
this path. Prevalence rates of up to 300 per 100,000 are reported from Turkey (4) and are in the 
range of 13-17 per 100,000 in Japan, Korea, and China. In Europe, rates of 0.5-3 per 100,000 are 
reported (5,6). The prevalence is much higher in Germans who have Turkish origins (6), but is 
still only about one-fourth of the rate reported in Turkey. Coupled with very low prevalence rates 
for Behget’s disease in Japanese Americans, a role for environmental contributions to the disease 
is suggested. Recent data from Olmsted County, Minnesota, reveal a prevalence rate of 6.6 per 
100,000 (7), suggesting that the disease may be more common in the United States than previ- 
ously suspected. Prevalence rates in all areas of the world are increasing, likely due to improved 
disease recognition and reporting. 
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The disease occurs primarily in young adults. The mean age of onset is between 25 and 30 
years (6,8,9). Less than 10% of cases are reported in juveniles (3,6,10). Earlier reports from East- 
ern countries have shown a male predominance in patients with Behget’s disease, but recent re- 
ports reflect a male/female ratio much closer to 1. In Western countries, females predominate. 

In high-prevalence areas, Behget’s disease is associated with the HLA-B*5101 allele of 
HLA-B51, a split product of HLA-BS ( I  I ) .  Clinical features of patients from these areas are more 
similar than when compared to western patients whosc disease has no strong association with 
HLA antigens (4). Familial Behqet’s disease is uncommon, and no clear pattern of inheritance can 
be determined in most cases, but familial disease was noted in 15% of affected children (10). 

111. CLINICAL FEATURES 

ucocutaneous Manifestations 

The International Study Cnoup (1SG) criteria for the diagnosis of Behqet’s disease (Table 1) are 
weighted heavily in favor of mucocutaneous nianifestations (12). The mucoeutaneous lesions as 
well as the pathergy lesion may be varied presentations of the same pathological process (13). 
Vasculitis is thought to underlie these lesions, and has been demonstrated in a high percentage of 
ulcers and skin lesions (14). Vasculitis or the perivascular inflammation seen in Behget’s lesions 
may be either neutrophilic or lymphocytic, and is thought to rcflect the age of the lesions (13). 
The vasculitis seen in some skin biopsy specimens may he secondary to intense perivascular in- 
flammation (15). 

Aphthous oral ulcers are usually the first and most persistent clinical feature (Fig. 1). Le- 
sions may be present 50% or the time in some individuals (1 6) .  Aphthae occur as 2- to 12-nun 
discrete, painful, round or oval, red-rimmed lesions. The nonkeratinized mucosa of the cheeks, 
tongue, palate, and pharynx is mostly affected, whereas the well-keratinized hard palate is less in- 
volved. Oral ulcers are identical to the lesions of recurrent aphthous stomatitis, hut six or more 
ulcers, variable in size, with surrounding erythema, and with involvement of the soft palate and 
oropharynx should increase the suspicion for Behget’s associated lesions. The severity and be- 
havior or the oral ulcers in Behget’s disease often fits the description of “complex aphthosis,” in 
which multiple, recurrent, or persisting lesions result in a severe syndrome that may include pe- 
rianal or genital ulceration (17,18). Complex aphthosis may be a forme fruste of Behqet’s disease 
when another cause is not found (19). The diagnosis of Bchget’s disease in these patients requires 

Table 1 

Recurrent oral ulceration 

International Study Group Criteria for Behqet’s Disease 

Minor aphthous, major aphthous, or herpetifom ulceration observed by 
physician or patient, which recurred at least 3 times in one 12-month 
period” 

Plus 2 of: 
Recurrent genital ulceration 
Eye lesions 

Skin lesions 

Aphthous oleeration or scarring, observed by physician or patient” 
Anterior uveitis, posterior uveitis, or cells in vitreous on slit lamp exami- 

nation; or retinal vasculitis observed by ophthalmologist 
Erythema nodosum observed by physician or patient, pseudofolliculitis, or 

papulopustular lesions; or acneiform nodules observed by physician in 
postadolescent patients not on corticosteroid treatmenta 

PoLitive pathergy test Read by physician at 24-48 h 

‘Pindings applicablc only in ahsence of other clinical explanations. 
Source: Ref. 12. 
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Figure 1 Aphthous ulcer in Behget’s disease. 

the presence of other characteristic lesions and exclusion of other systemic disorders ( 1  S), most 
notably spruc, hematological disorders, herpes simplex infection, inflammatory bowel disease, 
cyclic neutropenia, and acquired immune deficiency syndrome. Other disorders responsible for 
oral-geni tal ulcerative syndromes include the hypereosinophilic syndrome and myelodysplasia. 
Lesions in Stevens-Johnson syndrome, lichen planus, pemphigus, or cicatricial pemphigoid are 
not aphthous in character ( I  8). The differential diagnosis can be clarified with the aid of an ex- 
perienced dermatologist and biopsy. 

Genital ulcers, resembling oral aphthae, occur on the vulva and vagina in females and on 
the scrotum or penis in males. Vulvar lesions are painful and may result in scarring, but vaginal 
ulcers may bc asymptomatic or result in a discharge (20). Scrota1 lesions may be superficial or 
deep, and may heal with scarring. Genital ulcers are single or multiple, and typically occur two 
to four times a year. Perianal ulcers have been found in 7% of children with Behqet’s disease (10). 

The frequency of skin lesions in Behqet’s disease ranges from 41-97% (21). Skin lesions 
occurred in 64% of Behqet’s patients from the United States (22) and are often essential to meet 
diagnostic disease criteria. The ISG criteria (12) (see Table 1) recognize erythema nodosum, 
pseudofolliculitis, papulopustular lesions, or acneform nodules for the diagnosis. Histopatholog- 
ical findings in lesions of erythema nodosum are those of a septa1 and lobular panniculitis and 
may include a lymphocytic vasculitis (23). These lesions are indistinguishable from erythema no- 
dosum associated with other disorders. Nodose lesions should be distinguished from superficial 
thrombophlebitis. The distinction between acneform and papulopustular lesions i s  unclear, but 
the term “pseudofolliculitis” separates these lesions from folliclc-based eruptions. However, dis- 
tinction of these lesions on clinical examination is not reliable (13), and biopsies are not often per- 
formed. A neutrophilic vascular reaction (19) characterizes typical Behqet’s lesions, but the 
pathology is not specific for the disease. Occasionally, intense neutruphilic inflammation results 
in lesions of Sweet’s syndrome. Pyoderma gangrenosum-like lesions or cutaneous aphthosis may 
also occur (21), and more than one type of skin lesion may occur in the same patient (21,24). 
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Pathcrgy, an excessive skin response to trauma, has been considered a unique manifestation 
of Behget’s disease, reflecting neutrophil hyperreactivity. The phenomenon can also be deinon- 
strated in patients with chronic myelogenous leukemia (25). Pathergy testing is performed by in- 
serting a sterile 20-gauge needle perpendicularly into the skin and subcutaneous tissue of the 
volar forearm to a depth of  0.5 em. An erylhematous papule or pustule (22 inm in diameter) at the 
puncture site after 48 h constitutes a positive test. Pathergy equivalents in the lbrm of sterile ab- 
scesses or pustules after therapeutic injections or skin trauma inay occur. The pathergy test is less 
likely to be positive in Behgct’s patients from North America and European countries than in 
Turkish patients (26). Nonetheless, a positive pathergy test was found in 6 of 18 patients tested 
from the United States, suggesting that the test may be underutilized in Western countries (22). 
However, positivity of the test may wax and wane (27), and standardization of the test procedure 
has been lacking (28,29). The outcome of testing is influenced by the diameter of the needle (30), 
the use of sharp, disposable needles as compared to blunted reusable needles (3 l), thc number of 
puncture sites, and the use of cleansing antiseptic (32). 

B. Ocular Manifestations 

The ocular finding in Behget’s original patients was that of hypopyon-uveitis (1 j which may still 
be found in up to one-third of patients with eye disease (33). While eye disease limited to the an- 
terior chamber does not usually threaten vision (34), hypopyon suggests severe ocular inflamma- 
tion and a poor visual prognosis. Tn fully developed Behqel’s eye disease, a panuveitis, including 
posterior uvcitis and retinal vasculitis, is usually associated with anterior uveitis and is responsi- 
ble for the visual loss in these patients. Younger patients and males are at higher risk for ocular 
involvement (35). Severe eye disease is less common in western countries than in the Middle East 
or Japan. In Japanese patients, ocular disease is found in about 90% of men, and results in hlind- 
ness in up to 25% of affected individuals (33). Ocular inflammation in Behget’s disease typically 
follows mucocutaneous symptoms by a few years and progresses with a chronic, relapsing course 
affecting both eyes. Vasculitis leads to episodes of retinal occlusion and areas of ischemia, and 
may be followed by neovascularization, vitreous hemorrhage and contraction, glaucoma, and reti- 
nal detachment. The earliest tindings of retinal vasculitis may be detected with fluorescein an- 
giography. It is essential for patients with ocular involveincnt to be monitored very carefully by 
an experienced ophthalmologist. Isolated optic disc edema in Behqet’s disease suggests cerebral 
venous thrombosis rather than ocular disease (36j, but papillitis may occur with ocular inflam- 
mation and central nervous system disease. Occasionally, cranial nerve palsies resulting from 
brain stem lesions are present and visual field defects may occur with intracranial lesions (37). 
Rarely, conjunctival aphthous lesions are found. 

C. Major Vessel Involvement 

Large-vessel involvement in Behget’s disease affects about one-fourth to one-third of patients. 
The types of major vessel lesions seen are shown in Table 2. Sixty-eight percent of patients with 
vascular disease in one report had involvement of both arterial and venous systems (38). Major 
vessel problems and their complications are a significant cause of morbidity and mortality in Beh- 
get’s disease and are a major determinant of disease prognosis (39-41). 

Superficial thrombophlebitis often precedes deep venous disease, and both conditions ap- 
pear to increase risk for caval thrombosis (38,42,43), as well as for arterial disease (44). Throm- 
boses of superficial veins may occur following venipuncture and have been reported at sites of 
heparin infusions (45). Deep venous thrombosis is the most common large vascular lesion. It oc- 
curs primarily in the lower extremities, but involvement is possible at any site. Vena cava occlu- 
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Table 2 Vascular Involvement in RehSet’s Disease 

Systeinic arterial vasculitib 
Aneurysms 
Occlusion5 

Aneurysms 
Occlusions 

Superficial venous thromboses 
Deep venous thromboses 
Vena cava thromboses 
Cerebral venous thromboses 
Budd-Chiari syndrome 
Portal vein thrombosis 
Right ventricular thrombi 
Pulmonary emboli 

Pulmonary arterial vasculitis 

Venous occlusions 

Varices 

sion is a commonly recognized thrombotic complication in Behqet’s disease (46), and is associ- 
ated with a high risk of mortality (46,47). Additional thrombotic complications include 
Budd-Chiari syndrome (48) and cavernous transformation of the porlal vein (49). Chest wall, ab- 
dominal, and esophageal varices may occur as a consequence of deep-seated venous thrombosis. 
Right ventricular thrombi have been reported in Behqet’s disease, usually associated with pul- 
monary vasculitis (50). With cerebral venous thrombosis, patients usually present with symptoms 
associated with elevated intracranial pressure, including headache and visual obscurations with 
papilledema. Focal deficits, seizures, and altered consciousness may also occur (5 1). Magnetic 
resonance imaging (MRT) may be used to demonstrate acute or recent clots in the larger dural si- 
nuses (Fig. 2a). Magnetic resonance angiography (MRA) provides more reliable imaging of the 
cerebral venous system, especially of the smaller veins and if thromboses are older. Two-dimen- 
sional (see Fig. 2b) and three-dimensional phase contrast MRAs allow imaging of the cerebral 
veins without administration of contrast. 

In spite of the frequency of venous thrombosis, there is a conspicuous rarity of pulmonary 
emboli in patients within Rehqet’s disease. This supports histological evidence that the vascular 
wall itself is a major factor in the process of thrombosis in Behqet’s disease, resulting in an ad- 
herent thrombus (44). In some cases, however, venous thrombosis may be recurrent and progres- 
sive, in spite of treatment with anticoagulants and can result in life-threatening emboli. All of the 
factors contributing to venous thrombosis in Behqet’s disease are not known. Inflammation of the 
venous endothelium is present. There have been no consistent primary abnocmalitics of the co- 
agulation, anticoagulation, or fibrinolytic systems yet identified, although some evidence exists 
for impaired fibrinolysis (52). Thrombophilia has been implicated in some patients with throm- 
bosis (53). Antiphospholipid antibodies have been reported in some patients, but these do not cor- 
relate with thrombosis (54). 

Arterial complications occur in up to 7% of patients with Behqet’s disease (55) .  Arterial le- 
sions may be seen in the systemic circulation as well as in the pulmonary arterial bed (Fig. 3). In 
either location, stenoses, occlusions, and aneurysms may result and frequently coexist. Isolated 
occlusions or stenosis may be asymptomatic or associated with ischemic symptoms, depending 
upon the adequacy of the collateral circulation (56). Arterial aneurysms, due to vasculitis of the 
vasa vasorum (57), primarily involve the aorta, but any large vessel may be affected, and the risk 
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Figure 2 (a) TI-weighted spin echo MRT reveals clot (arrows, high signal intensity) in the sagittal and 
straight sinuses, the vcin of Galen, and an internal cerebral vein. (b) Anterior-posterior view of a 2-D phase 
contrast MRA demonstrates a flow void in the sagittal sinus (arrow) indicating the presence of thrombosis. 

Figure 3 
aneurysm in a 37-year-old male with Rehget’s disease. 

Angiograms showing femoral artery aneurysm and CT scan revealing a pulmonary arlery 

of rupture is high (58). Pulmonary artery vasculitis (Fig. 4) with aneurysm formation was found 
in about 1% of Behqct patients in Turkey (44). Patients usually present with hemoptysis due to 
pulmonary artery-bronchial fistula. Hemoptysis may be massive and threaten life. As venous 
thrombosis often coexists with pulmonary artery-bronchial fistulae, i t  is extremely important to 
distinguish these patients from those with hemoptysis due to pulmonary emboli so that anticoag- 
u h t  treatment is not initiated. 

Clinically apparent cardiac vascular involvement is unusual, but may result in myocardial 
infarction (59). However, subclinical cardiac and vascular abnormalities are common if patients 
are systematically evaluated (60,61). 



Behget’s Disease 479 

Figure 4 
disease. 

Acute angiitis, thrombosis, and aneurysmal dilatation of a branch pulmonary artery in BehGet’s 

D. Central Nervous System Disease 

In addition to cerebral venous thrombosis, central nervous system (CNS) symptoms in BehCet’s 
disease may be due to aseptic meningitis or parenchymal lesions, resulting in focal or diffuse 
brain dysfunction. Aseptic meningitis presents with headache, stiff neck, and fever, and is asso- 
ciated with elevated protein and a lymphocytic pleocytosis in the cerebrospinal fluid (62). Focal 
or multifocal nervous system involvement reflects the predilection of the disease for brain stem 
and periventricular white matter involvement (63). Diffuse or recurrent disease may result in de- 
mentia. Magnetic resonance imaging is more sensitive than computed tomography in demon- 
strating focal lesions. Although the findings are nonspecific, the clinical combination of stroke, 
aseptic meningitis with CSF pleocytosis, and the presence of mucocutaneous lesions can be di- 
agnostic. Cerebral angiogrdphy is usually negative because small vessels are involved, but find- 
ings consislent with vasculitis can occasionally be seen (64). Magnetic resonance venography i s  
warranted in patients with papilledema or other symptoms suggesting increased intracranial pres- 
sure to rulc out venous sinus thrombosis. 

Central nervous system disease in Behqet’s patients may be more common in European and 
U.S. patients, affecting about 30% (65). Involvement was found in about 5% of patients from 
Turkey (66), and in 3.2% from Iran (4). Isolated headaches in BehCet’s patients are coinmon but 
may represent secondary migraine or be unrelated to the disease. Follow-up or a group of 
headache patients, however, revealed neurological abnormalities in one-fourth (67). 

E. Gastrointestinal Lesions 

Gastrointestinal disease in Behqet’s is much more common in Japanese patients than in patients 
from other geographical areas (39). Gastrointestinal symptoms include melcna or abdominal 
pain. Lesions consist ol‘ single or multiple ulcerative lesions that primarily involve the distal ilcum 
and cecum, but any region can be affected. Gastrointestinal lesions have a tendency to perforate 
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or bleed and may recur after surgery (68,69). Vasculitis has been demonstrated in surgical spcci- 
mens of operated patients. Lesions should be distinguished from those of Crohn’s disease or those 
due to the use of nonsteroidal antiinflammatory drugs. 

F. Arthritis and Spondylitis 

An intermittent, symmetrical oligoarthritis of the knees, ankles, hands, and/or wrists, affects 40- 
70% of patients with Behqet’s disease (70-72). Episodes often persist for a few weeks and inay 
not be associated with other clinical manifestations. Synovial fluid analysis reveals inflammatory 
range white blood cell counts, consisting primarily of polymorphonuclear leukocytes (73). Syn- 
ovial biopsies reveal superficial neutrophilic infiltration (74), distinct from the lymphocytic syn- 
ovitis seen in rheumatoid arthritis. A destructive arthropathy is unusual. 

Some studies have found an increased frequency of ankylosing spondylitis or radiographic 
sacroiliitis in patients with Behset’s disease, but others have shown no association (75). HLA-B27 
is present in those Behget’s patients with spondyloarthropathy and patients may have i n f l m a -  
tory bowel disease as well (75). Despite the occasional association with spondylitis, Behset’s dis- 
ease should not be classified as a seronegative spondyloarthropathy. 

G. Miscellaneous Manifestations 

There have been sporadic reports of glomemlonephritis in Behqet’s disease, but renal involve- 
ment is seen much less frequently than one might expect in a systemic vasculitis. Peripheral neu- 
ropathy is unusual in Behqet’s disease (20). Epididyrnitis occurs in about 5% of affected patients. 
Amyloidosis of the AA-type can accompany Behqet’s disease, usually presenting as nephrotic 
syndrome. This complication has occurred primarily in Mediterranean patients (76-78). The 
MAGIC (mouth and genital ulcers with inflamed cartilage) syndrome is diagnosed in patients 
who have features of both Behqet’s disease and relapsing polychondritis (79). A generalized 
myositis can rarely be associated with Behqct’s disease (80). 

IV. LABORATORY FINDINGS 

There are no laboratory abnormalities that are diagnostic of Behqet’s disease. Acute phase reac- 
tants may be elevated, especially in patients with large-vessel vasculitis, but may be normal with 
active eye disease. Levels of immune complcxes may be elevated in BehSet’s disease, but mea- 
surements of rheumatoid factor, cryoglobulins, and complement components are usually normal 
or negative. The histocompatibility antigen HL,A-B5 1 is more common in Behqet’s disease pa- 
tients than in control subjects, especially in high-prevalence areas and in patients with ocular dis- 
ease. The absence of an HLA-I351 association in northern Caucasoid patients, 49% of whom were 
found to have HLA-DRRI “04 (81), makes HLA testing in these patients unnecessary. Measure- 
ment of the T-cell proliferative response to heat shock proteins (HSP) has been proposed for the 
diagnosis of Behqet’s disease (82) as was measurement of impaired fibrinolytic activity (52), but 
the value of testing has not been confirmed. 

V. DIAGNOSIS 

The ISG criteria for the diagnosis of Behqet’s disease (see Table 1) (12) have been proposed and 
validated (83), but these criteria were not meant to replace clinical judgment regarding the diag- 
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nosis in individual cases. The criteria require the presence of oral ulcerations, which may be ab- 
sent in about 3% of Behqet’s patients. In Japan, Korea, and Iran, alternative ciiteria are applied 
concurrently by investigators (21 $4). For patients in Western countries, substitution of large- 
vessel disease or acute central nervous system infarction for missing ISG criteria is acceptable 
(85). The inultiple inanifcstations of BehCet’s disease may not occur simultaneously but may be 
separated in time, occasionally by several years. For a definitive diagnosis, manifestations must 
be documented or witnessed by a physician. Acneform lesions should not be attributed to Beh- 
qet’s disease in an adolescent or in patients taking corticosteriods (1 2). 

The differential diagnosis of Bchget’s disease includes those conditions that result in com- 
plex aphthosis. The prevalence of recurrent aphthous stomatitis is much greater than Behqet’s and 
the diagnosis of “possible Behget’s” in patients who only have aphthae is inappropriate. In Re- 
iter’s disease, mucocutaneous lesions are nonulcerative and painless. The uveitis is usually lim- 
ited to the anterior chamber. In addition to gastrointestinal lesions, similarities between Behget’s 
and Crohn’s disease include fever, anemia, oral ulcers, uveitis, arthntis, thrombophlebitis, and 
erythema nodosum (86). However, granuloma formation in intestinal lesions is not typically seen 
in BehGct’s, and in Crohn’s the iritis is typically anterior. Genital ulcerations and central nervous 
system disease are extremely rare in Crohn’s disease. 

For inucocutaneous manifestations, disease activity is recognized and monitored by recording the 
number, size, and location of lesions, and the percentage of time that lesions have been present 
since the patient’s last visit. Frequent ophthalmological examinations are necessary for patients 
witb ocular disease, and periodic monitoring of the eyes i s  recommended for patients at risk. A 
careful history and examination with attention to vascular and neurological systems should be 
part of the physician’s assessment. Standardized tools for recording and scoring disease activity 
have been developed for use in clinical trials as well as for the care of individual patients (87). 
Validation efforts continue for the BehGet’s Disease Current Activity Form (88) and for the Iran 
Behqet’s Disease Dynamic Activity Measure (89), both currently in use. Sinlilar assessment tools 
for ocular disease activity have been devised (87,90). 

For individual patients in whom systemic symptoms or a particular disease manifestation 
is paralleled by a nonspecific acute phase response, sequential measurements may be of value. A 
number of cytokines and markers of vascular inflammation are under investigation as tools for 
monitoring disease activity. Elevated levels of von Willebrand’s factor (9 1) and thrombomodulin 
in the serum of BehGet’s patients reflect vascular cell injury (92,93). As in other vasculitides, lev- 
els of soluble intercellular adhesion molecule- 1 (SICAM- I), reflecting endothelial activation, 
were higher in active Behqet patients but were not different in patients with and without clinical 
vascular disease (94). 

VII. MA~AGEM 

Certainty in the treatment of Behget’s disease is limited by the lack of controlled studies. Treat- 
ment practices may reflect the experience and biases of clinicians from different geographical 
areas. Aphthous lesions are treated with topical or intralesional corticosteriods, but results are fre- 
quently disappointing. Dapsone can also be used to suppress mucocutaneous lesions. A controlled 
study, limited to male patients, demonstrated the value of thalidomide for the prevention and treat- 
ment of mucosal and follicular lesions (95). Colchicine is widely used in the treatment of muco- 
cutaneous manifestations and as an adjunct in the treatmenl of inore serious manifestations, but 
proof or its effectiveness in one controlled study was limited to improvement in erythema nodosum 
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(78). The addition of penicillin to colchicine was found to be beneficial in reducing the number of 
arthritis attacks (96). Interferon-a (INF-a) has been used in open studies of BehCet’s patients and 
found to be uscful in mucocutaneous lesions and arthritis (97,98). Methotrexate has been effective 
in the treatment of mucocutaneous disease in a small series (99). 

In general, younger male patients are at greatest risk for severe disease, especially uveitis, 
warranting expectant and aggressive treatment. A controlled study has demonstrated the value of 
azathioprine at a dose of 2.5 mgikg/day in limiting the progression of ocular disease and pre- 
venting new eye disease in male patients (100). Treatment also had benefits on mucosal ulcers, 
arthritis, deep-vein thrombosis, and on long-term prognosis (101). Cyclosporin A has been rec- 
ognized as an effective agent for the control of uveitis (102,103), but the long-term benefits of the 
drug arc less certain. Combination treatment with cyclosporin A and azathioprine has been used 
when single agents fail (104). In an open trial, interferon-a was highly effective in the control of 
eye disease in seven patients with early ocular disease or with limited damagc (1 05). 

Corticoslcriods are useful in suppression of inflammation in acute phases of the disease, but 
these agents do not consistently suppress mucosal ulcers or central nervous system disease, and 
do not appear to prevent blindness in Behqet’s patients with posterior uveitis or retinal vasculitis. 
Immunosuppression with cyclophosphamide or chlorambucil is used for uncontrolled ocular dis- 
ease, central nervous system disease, and large-vessel vasculitis including recurrent deep venous 
thrombosis. The mucocutaneous disease also improves. We favor the use o€ chlorambucil in these 
settings based on our positive experience with the use of this agent (62). The toxicity of chlo- 
rambucil includes infertility and an increased risk of malignancy (106). Chlorambucil is more 
lipophilic than cyclophosphamide, giving it a theoretical advantage in the treatment of central 
nervous system disease. 

Surgcry is usually indicated for the treatment of systemic arterial aneurysms because of the 
risk of rupture (58), but isolated arterial occlusions may be asymptomatic and not require surgery. 
Pulmonary arterial aneurysms with uncontrolled bleeding require surgery. Percutaneous em- 
holization techniques have been reported to thrombose these lesions (1 07,108). Arterial vasculi- 
tis resulting in aneurysms of the systemic or pulmonary circulations should be treated with alka- 
lating agents. Tf surgery is required, these agents are also necessary to minimize the high risk of 
anastomotic recurrences or continued disease (55,56). 

Cerebral venous thrombosis responds well to treatment with heparin and corticosteroids 
(51). Venous thrombosis may be progressive or recurrent in spite of wadarin treatment. As in- 
flammation underlies the thrombosis, corticosteroids and immunosuppressive agents should be 
considered in these cases. The treatment of Budd-Chiari syndrome has included anticoagulants, 
colchicine, and corticosteriods (109), but others prefer a combination of antiaggregants (48). Por- 
tocaval shunting is recommended if the inferior vena cava is patent (109). Successful treatment 
of right ventricular thrombi has been reported with anticoagulants, corticosteroids, and immuno- 
suppressive agents (1 10). 

VIII. ~ATHOGENESIS 

Clues to the pathogenesis of Behget’s disease come from analysis of the cellular infiltrates from 
inflammatory lesions as well as from circulating immune cell types and cytokine patterns. While 
neutrophilic vascular lesions are characteristic on biopsies of established lesions at mucocula- 
news sites, perivascular niononuclear cells dominate in early lesions (1 11,112). In mucocuta- 
neous sites, ocular lesions (1 13), gastrointestinal lesions (1 14), and vascular lesions (1 1 l), CD4+ 
T cells are the predominant type. Reversal in the ratio of CD4+/CD8+ cells in the circulation has 
been found (1 15). Oligoclonal expansion of T cells with specific Vp T cell receptors has been 
found (1 16). Elevated numbers of yS T cells have been found in BehCet’s patients (1 17,11 S), and 
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are found in mucosal lesions ( 1  19). These cells possess activation markers and produce inflam- 
matory cytokines during disease exacerbation, but the exact role of y& T cells in the pathogenesis 
of Behqet’s disease remains uncertain. 

Interleukin-8 (IL-S), a chemokine responsible for neutrophilic activation, is elevated in the 
serum of Behqet’s patients. Elevated levels of other proinflammatory cytokines, including IL- I ,  
IL-6, TNF-y, K-12, tumor necrosis factor-a (TNF-a), as well as sIL-2R, have been reported in 
Behqet’s patients ( 1  20-123), consistent with systemic immune system activation. Mononuclear 
cells from these patients produce greater amounts of these cytokines ex vivo, when compared 
with normals (124- 127). However, cytokine studies have not yet led to clinically useful measures 
of disease activity. 

Cytokine analysis and cellular characterization suggest a Thl response by lymphocytes in 
Behqet’s disease (128). Other studies have shown participation of both Thl and Th2 cells (129). 
A1 though circulating immune complexes ( 130) and antiendothelid antibodies (1 3 1,132) have 
been found in Behqet’s patients, there is little evidence for a contribution of B-cell hyperactivity 
in Behqet’s disease. 

Extrinsic agents have been suspected to trigger autoimmunity in Behqet’s disease. Molec- 
ular techniques have identified herpes simplex viral RNA and DNA in cells from Behqet’s pa- 
tients. Streptococcal antigens are suspected to trigger disease activity ( 1  33). The use of minocy- 
cline reduced symptoms in affected patients (134). 

Peptides from mycobacterial heat shock protein (HSP) (1 35) and homologous human pep- 
tides have been found to specifically stimulate yS T cells from Behqet’s patients (82). It is postu- 
lated that cross-reactivi ty and molecular mimicry between peptides from streptococcal and/or 
viral HSP, homologous human HSP, and mucosal antigens result in selection of autoreactive T 
cells ( I  36). 

Neutrophilic hyperfunction is recognized in Behqet’s disease, in normals with HLA-BSI, 
and in HLA-B51 transgenic mice (137). It rcrnains uncertain if this association is due to antigen 
interaction with HLA, another effect of the molecule, or to genes in linkage disequilibrium with 
HLA-BSI.  The disease associated HLA- B*51 and the closely related but disease-unassociatcd 
HIA-B52 molecules differ in two amino acid positions located in an antigen-binding pocket of 
the HLA groove. This suggests a direct role of the HLA molecule itself in the susceptibility to 
Behqet’s disease, and implies a role for extrinsic agents ( 1  38). However, microsatellite data have 
also suggested a pathogenic role for genes located between the HLA-B and tutnor-necrosis factor 
(TNF) regions on chromosome 6 (139). This region contains the MICA gene (major histocom- 
patibility complex class I chain-related gene A), whose cell surface product is preferentially cx- 
pressed on fibroblasts and cndothelial cells. These gene products may have a role in the presen- 
tation of antigen to NK cells or to yS T cells (139). Analysis of triplet repeat polymorphisins of 
the MICA gene revealed an association of the Ah allele with Behqet’s disease in Japanese patients 
which is greater than that of HLA-BS (1  1). These findings were also demonstrated in Caucasian 
patients (140), making MICA, or a closely related gene, a leading candidate gene for the disease. 

IX. SUMMARY 

The clinical manifestations of Behqet’s disease are due to a vasculitis that can involve arteries of 
all sizes and the venous system as well. The disease has a predilection for the small vessels in mu- 
cocutaneous sites and in  the eyes, but any organ system may be involved. The diagnosis is made 
on clinical grounds as there are no specific tests for the disease. Clinical, epidemiological and ge- 
nctic differences exist between patients of varied ethnic backgrounds and from different geo- 
graphical areas. The morbidity of Behqet’s disease comes primarily from ocular involvement, and 
mortality relates primarily to large-vessel involvement and central nervous system disease. 
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In recent years, the development of dedicated Behqet’s disease treatment units, collabora- 
tive efforts among investigators, biennial international symposia on the disorder, and controlled 
studies have led to new information on the treatments for the disorder and its pathogenesis. Ge- 
netic studies have revealed a strong association with HI,A-B51, but the role of this gene in the de- 
velopment of the disease remains uncertain. Evidence exists for neutrophil hyperreactivity as well 
as for antigen-driven immune mechanisms in the pathogenesis of the disease. 
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Cogan’s Syndro~e 

Rex M. McCallum, E. William St. Clair, and Barton F. Haynes 
Duke University Medical Center, Durham, North Carolina 

1. INTRODUCTION 

The hallmarks of Cogan’s syndrome (CS) are interstitial keratitis (IK) and vestibuloauditory dys- 
function. The history of CS reflects a growing awareness of its potential for causing not only eye 
and ear disease, but also complex systcnuc manifestations. In 1945, David G. Cogan, an oph- 
thalmologist at the Harvard Medical School, repoi-tcd four cases of recurrent nonsyphilitic IK and 
vestibuloauditory symptoms (1). These cases were similar to a patient who had been described in 
1934 with IK and Mdni&re’s disease (2). Cogan was later credited with the first description of this 
disorder, which now bears his name (1). 

The essence of these new cases portrayed an illness characterized by recurrent bouts of  hi- 
lateral photophobia, excessive tearing, and eye redness and pain interspersed with attacks of se- 
vere vertigo, nausea, tinnitus, and fluctuating hearing loss. Cogan’s examination had shown 
patchy infiltration of the deep corneal stroma with yellowish white granular opacities, little reac- 
tion in the anterior chamber, and limited, if any, visual impairment. Thc vestibuloauditory fea- 
tures had striking similarity to those of Mdnibre’s disease. Two cases had culminated in complete 
deafness. Cogan stressed the clinical differences between the ocular manifestations in these new 
cases and syphilitic keratitis, pointing out that the corneal opacities in syphilis were inore promi- 
nent and typically accompanied by iridocyclitis. Vestibuioauditory involvement in CS also dif- 
fered lrom that of syphilis, where hearing loss develops inore slowly and without appreciable ver- 
tigo. 

Serological studies were negative for syphilis in the first reported cases of CS. However, the 
resemblance of these two disorders stimulated an intense search for an infectious cau~e  of CS. 
Evaluation in the first four cases showed no consistent pattern of bacterial growth from the con- 
junctival sac. The appearance of CS following smallpox vaccination led to the suggestion of a 
possible immunological etiology (3). The next four cases of CS did not provide an answer to this 
puzzle (4). 

Cogan’s syndrome was initially believed to be an organ-specific disease confined to the eye 
and ear. The clinical picture expanded with later case reports of CS characterized by atypical oc- 
ular features, including conjunctivitis, uveitis, episcleritis, scleritis, and retinal artery occlusion 
(5-9). New cases of CS were also described with aortic valvular insufficiency ( 1 0 , l l )  and sys- 
temic necrotizing vasculitis (6,9,10,12,13). In the 198Os, Haynes et al. (14) from the National In- 
stitutes of Health (NTH) and Vollertsen et al. (15) from the Mayo Clinic published two large case 
series of CS and established a conceptual basis for our current understanding and management of 
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CS. Additional clinical experience during the past decade has refined our thinking about the clin- 
ical spectrum of CS and sharply focused our attention on aggressive treatment (16). 

II. EPIDEMIOLOGY 

Cogan's syndrome is a rare disease of young adults. The median age of onset for patients in the 
NIH ( 1  4) and Mayo Clinic series ( 1  5 )  was 22 years, with age ranges of 13-3 1 and 5-63 years, re- 
spectively. The disease affects males and fenidles with approximately equal frequency. These de- 
mographics are similar to those of 47 patients with CS evaluated more recently at Duke Univer- 
sity Medical Center who had a mean age of onset of 29 years, with a range of 5-63 years (17). 
The 47 patients from the Duke series include the I3 patients from the NIH group. Cogan's syn- 
drome has also been described in children as young as 4 years old (1 8) and in the elderly (1 9). 

111. CLINICAL FEATURES 

Approximately one-half (40-65 %) o f  patients have an antecedent upper respiratory illness in the 
weeks before the onset of CS (15,20). Fifty perccnt of patients present with ocular difficulties, 
25% present with vestibuloauditory problems, and 25% present with both ocular and vestibu- 
loauditory manifestations within one month of the other ( 1  5,17). 

Presenting ocular complaints are most commonly pain (90%), redness (79%), and photo- 
phobia (68%) (17). Additional symptoms may include tearing, foreign body sensation, alteration 
in visual acuity, diplopia, and visual licld def'ccts (14,15,21). Despite prominent symptoms, the 
ophthalmological findings may be mild and evanescent. Repeat examinations may be necessary 
to document ocular inflammation, particularly in the cornea (4,15,21 j. Ophthalmological exami- 
nation most frequently shows IK, conjunctivitis, iritis, and sclerith'episcleritis (Table 1) (17) 
(Fig. 1) .  Interstitial keratitis may occur in isolation or with other types of ocular problems. Less 
frequent findings include corneal ulceration, vitritis, choroiditis, subretinal neovascular mem- 

Figure 1 Severe posterior scleritis in a patient with CS. Computerized tomograplry of the orbits reveals 
thickencd sclera postcriorly, compatible with the clinical picture and examination suggesting posterior scle- 
ritis. 
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Table 1 Major Clinical Features of Cogan’s Syndrome“ 

Manifestations Proportion of cases (%) 

Tnflaiiiiiiatory eye disease 
Interstitial keratitis 
Conjunctivitis 
lridocyclitis 
Episclentis/scleritis 
Papillitis 
Posterior uveitis 
Relinal vasculitis 
Exophthalmus 

Hearing loss 
Vertigo 
Tinilitus 
Nausea and voniitirig 
Ataxia 
N ystagmus 
Ocillopsia 

Aortitis with or without aortic msufficiency 
Large-sized vessel vasculitis 
Medium-siLed vessel vasculiti5 

Vestibuloauditory dysfunction 

Systemic vasculitis 

I00 
70 
35 
30 
30 

5 
5 
5 

<5 
100 
95 
90 
75 
65 
45 
30 
1s 
15 
10 
10 
<5 

’CCornposile information fr01i1 Refs. 14-17,21, 25, 26, and 35 

brane, pars planitis, orbital pseudoturnor, cotton wool spots, retinal arterial disease, papillitis, 
central venous occlusion, conjunctival nodulc, vitreous hemorrhage, and posterior uveitis (14,15) 
(Table 1). 

The earliest corneal inanifestations of 1K are “faint peripheral, subepithelial corneal infil- 
trates located in the anterior stroma. They measure 0.5 to 1.0 inrn in diameter and mimic lesions 
seen in adenoviral or chlamydia1 keratitis” (21) (Fig. 2). The corneal infiltrates may evolve to “a 
granular type oi‘ corneal infiltrate, patchy in distribution, situated predominantly in the posterior 
half of the cornea” (1,4,21). The stromal infiltrates are associated with epithelial erosions in less 
than 5% of patients (15). The mild and evanescent early findings explain why many patients with 
CS who present wilh eye involvement are initially diagnosed with a viral infection. Later, the 
cornea may become vascularized and opacified. However, corneal opacities occur in less than 5% 
of patients treated appropriately with topical antiinflammatory therapy (see below) (2 1,22). 

Presenting vestibuloauditory complaints are MCniisre’s-like with vertigo (85%), sudden de- 
crease in hearing (79%), sudden nausea and vomitiiig (70%), tinnitus (53%), vertigo (45%), and 
gradual decrease in hearing (17%) (17). Vestibuloauditory symptoms are often acutely incapaci- 
tating and inay require hospitalimtion. Eventually, nearly all patients lose hearing (Table 1) .  In a 
significant minority of cases, nystagmus i s  also present (17). Many patients are ataxic and have 
absent caloric responses (15,23,24). 

Cardiovascular disease of an inflainmatory nature develops in 10-1 5% of patients with CS 
(14,15,17) (see Table 1). Aortic insufficiency (Al) occurs in 10% of patients with CS and results 
from aortitis with or without valvulitis (25). Cardiac signs and symptoms of A1 range from 
asymptomatic diastolic murmur to congestive heart failure to myocardial infarction ( 10,14, 
15,26-32). Aortitis manifests weeks to months after the onset of CS (14,15,26,30). Cardiac 
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Figure 2 Slit-lamp findings of interstitial keratitis in a patient with CS. Subtle stroma infiltrate (arrow) 
typical of early interstitial keratitis i s  demonstrated in the narrow band of light. 

catheterization, intraoperative evaluation at the time of aortic valve replacement, electrocardio- 
grains (EKGs), and pathologic material have shown aneurysms of the valve cusps, ( 1  0,30) aortic 
dilatation, (3 I )  arrhythmias, (15) coronary arteritis, ( 1  0,26) left ventricular hypertrophy, (15) 
myocardial infarction, (22) ostial coronary disease, (30-32) pericarditis, (3  I ) torn aortic valve 
cusp, (32) and valvular fenestrations (103) .  

The most common form of systemic vasculitis associated with CS is a large-sized vessel 
(Takayasu’s disease-like) vasculitis (14,15,17,25,26,33,34) (Fig. 3). It may present with an 
asymptomatic abdominal bruit (35), an asymptomatic femoral bruit (35), lower extremity claudi- 
cation (26), symptoms of mesenteric insuffcicncy (28), hypertension (36), weight loss (37), de- 
creased left brachial artery pulse (38), or abdominal pain from a vasculitic gastric ulcer (26). 
Cogan’s syndrome is less often associated with a medium-sized vessel (polyarteritis nodosa-like) 
vasculitis ( 17). Initial symptoms and signs in these cases include claudication, (34) gastrointesti- 
nal bleeding, (1 3 )  proteinuria and hematuria, (15,34) ischemic loss of limb, (9) and neurological 
symptoms (IS). Tn CS, vasculitis may involve the coronary artery (10,26) (see Fig. 3B), gas- 
trointestinal tract (26), femoral artery (26), muscle (39), renal artery (26,36) (see Fig. 3A), skin 
(9,13,40), subclavian artery (26,28,38) (see Fig. 3A,C), or testicle (9). 

Olhcr manifestations in CS are relatively non specific (see Table 2) ( 1  1,14,15,17). Diverse 
skin findings, such as cutaneous nodules, rash, cutaneous ulcers, and palpable purpura (15,411, 
may accompany CS. A minority of patients have developed central nervous system manifesta- 
tions, which include cavenious sinus thrombosis, encephalitis, localized cerebral infarction, 
meningisnius, seizures, and trigeminal neuralgia (14,15,35,40). In addition, CS has been reported 
to occur in patients with sarcoidosis, hypothyroidism, infl‘amsnatory bowel disease, and intersti- 
tial nephritis ( 1  5 ,  I7,42). 
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i 
’’4 3 

c 
) Stenotic lesion in Figure 3 Artcriographic demonstration of large-sized vessel vasculitis in CS. (. 1c 

left subclavian artery (arrow). (B) Stenotic lesions in the left anterior descending coronary artery (arrows) 
with poststenotic dilatation. (Cj Stenotic lesions in the right innominate artery (left arrow) and the subcla- 
vian artcry (right arrow). (D) Multiple lesions in the single right and duplicated left renal arteries (arrows). 
(From Ref. 26.) 

Table 2 Other Manifestationb of Cogan’s Syndrome” 

Manifcstalions Proportion of cases (95) 

Fever 25 
Fatigue 20 
Arthralgias/my algiab 15 

Weight loss 15 
Abdominal pain 10 
Gastrointestinal bleeding 10 
Hepatomegaly 10 
Lymphadenopathy 10 
Splenomegal y 10 
Cenhal nervous system findings 5 
Cutaneous nodules 5 
Pleuri tis 5 
Rash 5 

Arthritis 15 

Peripheral nervous system findings <5 
Polychondritis <5 

“Source: Ref. 35 
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Table 3 Idahoratory Abiiornialitics in Cogan’s Syndrome 

laboratory study 
Proportion of 

abnormal studies (%) Mean Range 

White blood cell count 
Neutrophilia 
Relative lymphopenia 
Eosinophilia (mild) 
Leukocytosis ~24,000 cells/mL 

>20 m m k r  
Erythrocyte sedimentation rate 

Hemoglobin/heinatocrit (anemia) 
Platelet count (thrornbocytosis) 
Cerebrospinal fluid 
Cryoglobulins 
Decrcascd C, 
Decreased Total heinolytic coniplement 
Decreased C ,  
Antinuclear antibodies (low titer) 
Rheumatoid factor (low titer) 

75 13,700 1600-47,000 
50 
25 
17 
10 

75 
33 
30 
25 

17-23 
21 
17 
17 
17 
14 

40 3-1 28 

Sourre: Compiled from Keh. 14, 15, 17, and 25 

A~ORATORY FINDINGS 

The laboratory abnormalities in CS are summarized in Tablc 3 (14,15,17). Hematological find- 
ings include leukocytosis and monocytosis (13,lS). A few patients with CS have had a falsc-pos- 
itive VDRL (14,171. Serum protein electrophoresis may show evidence of chronic inflammation; 
no monoclonal spikes have been described (14,15,17). Two patients have tested positive for the 
heterophil antibody (1 3,45). About one-quarter of paticnls have abnormdhties of thc cerc- 
brospinal fluid (CSF) (lS), which include pleocytosis, (14,15) elevated protein, and increased y- 
globulin fraction (46). Negative or normal findings in CS are tests for anti-DNA, anti-La, anti-Ro, 
and anti-smooth muscle antibodies, Coomb’s test, and hepatitis B antigen ( 1  5) .  Some investiga- 
tors have noted increased frequencies of HLA-B17, H U - A 9 ,  HLA-Bw35, and HU-Cw4,  but no 
conclusions can be drawn from these data because of the small sample sizes (14,43,44). 

The diagnosis of CS is based on the presence of both eye inflammation and inner ear dysfunction 
(see Table 4). In previous studies, CS had been subdivided into “typical” and “atypical” categories 
depending on the nature of the eye manifestations. Typical CS was the designation when IK was 
the predominant eye finding. Atypical CS was applied if more than 2 years elapsed between the 
onset of eye and inner ear disease, or when the ocular component was dominated by conjunctivi- 
tis, anterior uveitis, or posterior segment inflammation. The rationale for this distinction came 
from early observations that systemic necrotizing vasculitis was associated mainly with atypical 
CS and portended a worse prognosis. This nomenclature has not proven useful because patients 
initially presenting with typical CS have subsequently devcloped othcr types of eye inflammation 
and systemic necrotizing vasculitis. 



Table 4 Differential Diagnosis of Cogan’s Syndrome 

Disorder Eye madeslations Ear manifestations Other features 

Chlamydia infection Conjunctivitis, IK Otitis media, 
CHL 

Respiratory tract symptoms 

Erythema migrans, meningitis, 
carditis, arthritis 

Lynx disease Conjunctivitis, episcleritis, 
uveitis, IK, choroiditis, 
retinitis, optic neuritis 

IK 
Uveitis, vitritis 

Congenital syphilis 
Whipple’s dibease 

SNHL 
SNHL 

SNHL 

+FTA-ABS 
Diarrhea, weight loss, fever, ar- 

thritis, skin hyperpigmentation 
Hilar adenopathy, pulmonary fi- 

brosis. CNS involvement, skin 
lesions, parotid gland eniarge- 
ment 

alopecia, poliosis 
Aseptic meningitis, vililigo, 

Ichthyos i 9 

Sarcoidosis Conjunctivitis, IK,  ante- 
rior uveitis, retinilis, 
keratoconj unctivitis 
sicca 

Panuvertis, iridocyclitis Vertigo, SNHL 

SNHL. 

SNHL 

SNHL 

SNFIL (mild) 

Vogt-Koy anagi- 
Harada 

KID syndrome 
(congenilal) 

Sj iigreo ’ s syndrome 

Keratoconjunctivitis, 
corneal vascnlarization 

Kcratoconjunc(ivitis sicca Xerostomia, parotid gland en- 
largement, senmi ANA 

Arthritis, serum rheumatoid fac- 
tor 

Skin rash, arthritis, pleurisy, 
glomerulonephriti s, cytope- 
nias, scruin ANA 

Deep vein thrombosis, pul- 
monary emboli, arterial 
thrombosis, thrombocytope- 
nia, serum APA 

arthritis, skin lesions, ncu- 
ropatliy, CNS involvement, el- 
evated ESR 

Sinusitis, pulmonary infiltrates, 
glomerulonephritis, serum 
ANCA 

Auricular, nasal, and laryngotra- 
cheal chondritis, systemic vas- 
culitis 

Oral and genild ulcers, CNS in- 
volvement, arthritis, skin le- 
sions 

Renal failure, hypertension, 

Colitis 
Entcroculitis 
Ccrebcllopontine mass 

Rheumatoid arthritis Episcleritis, scleritis 

SLE Retinitis. optic atrophy 

Retinal vascular occlusion SNHL APA syndrome 

Polyarteritis iiodosa Retinal vasculitis SNHL 

Wegener’s granulo- 
matosis 

Conjunctivitis, episcleritis 
sclentis, uveitis, retini- 
tis 

Conjunctivitis, IK, scleri- 
tis uveitis 

Otitis media 
(mi,), SNHL 

Relapsing polychon. 
dritis 

SNHL 

Rehvcl’s syndrome Ant en or uvei ti s, epi scl eri- 
tis, IK, retinal vasculi- 
tis, chorioretinitis 

Anterior uveitis 
Anterior uveilis 
Corneal, anterior chamber 

and vitreous opacities, 
sub-RPE infiltrates 

Optic neuropathy 

Vertigo, SNHL 

Ulcerative colitis 
Crob.’s disease 
CNS lymphoma 

SNHL 
SNHL 
SNHL 

CLL Otitis media, 
SNHL 

SNHL 

CNS involvemciit, CSF lympho- 

CNS microangicyathy 
cytosis 

Ketinocochleocere- 
bra1 vasculopathy 

Retinal arteriolar occlu- 
sions 

Abbreviations, CNS, central nervous systcin; SLE, syptcinic lupur erythematosus; APA, antiphospholipid antibody; CLL, 
chronic lymphocytic leukcma; KID. kcratitis, ichthyosis, and dcafncss; IK, iiiterstitral keretitis; RPE, retinal pigment ep- 
ithelial; SNHL,, \ensonneural hearing lohs; CHL, conductive hearing l o b \ ;  FTA-ABS. fluorescent treponernal antibody 
absorption: ANA, iintinuclear antibodies; ANCA, anlineutrophil cyioplasmic aniibodies; CSF, cerebrospinal fluid. 
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Ocular symptoms such as redness or discomfort, excessive tearing, or impaired vision sug- 
gest an ocular process and deserve further evaluation. Interstitial keratitis and other anterior seg- 
ment disorders are diagnosed by slit-lamp examination, while posterior segment disorders are de- 
tected by ophthalmoscopy. Abnormalitics of the retinal vasculature may be visualiLed in more 
detail using fluorescein angiography. Ophthalmic photography is hclpful in documenting and fol- 
lowing corneal disease and in monitoring the posterior segment (21). Inipaired vision may arise 
from opacity of the ocular media (e.g., cornea, aqueous humor, vitreous) or a retinal abnormality 
(e.g., retinal detachment, inkimmation, hemorrhage, vessel occlusion). Visual defects may also 
rcsult from lesions of the optic nerve and chiasm and of the retrochiasmal pathways. Interstitial 
keratitis, conjunctivitis, anterior uveitis, episcleritis, scleritis, choroiditis, or retinal vasculitis are 
findings compatible with the diagno CS. Other causes of IK should be considercd in the dif- 
ferential diagnosis, including sarco (47), syphilis (48,49), Lyme borreliosis (50-52), lep- 
rosy (53), tuberculosis (S4), Chlamydia1 infection (39,SS), and herpes simplex and varicella 
zoster virus infection (55). However, recurring and bilateral IK suggests an immune-mediated 
process such as CS. 

Vestihuloauditory symptoms may signal either a peripheral (labyrinth, vestibular, or co- 
chlear) or central (brainstem, cerebellum, or cerebral cortex) lesion in the nervous system, or pos- 
sibly a systemic (cardiovascular or metabolic) disorder. The acule attacks of CS arise from a pe- 
ripheral lesion and resemble those of Mttnikre's disease, which are characterized by the sudden 
onset of severe vertigo, nausea, vomiting, tinnitus, and hearing loss. Important goals of the eval- 
uation are to exclude systemic causes of vestibuloauditory dysfunction and to confirm that the le- 
sion is periphcral rather than central. The examination should initially focus on a careful inspec- 
tion of the ear canal and tympanic membranc, a hearing chcck, and a complete neurological 
evaluation with special attention paid to the cranial nerves, cerebellar function, and the presence 
of nystagmus. In CS, nystagrnus is only seen during an acute attack. Central and peripheral le- 
sions may be distinguished by caloric and rotational testing. In CS, caloric and rotary chair tests 
between attacks show hypoactive or absent vestibular responses. Electronystagmography (ENG) 
also reveals abnormal findings indicative of a peripheral lesion. 

The hearing loss in CS is sensorineural in origin. Nerve deafness of the type seen in CS re- 
sults in the finding of air conduction greater than bone conduction (positive Rinne test). Objec- 
tive assessment of hearing loss by audiometry is an essential part of the evaluation. Pure tone and 
speech audiometry confirms a sensorineural hearing loss, which preferentially involves the low 
and high freyuencies (Fig. 4) in a pattern similar to that scen in MCnikre's syndrome (56). Audi- 

HeN HeN 

A B C 

Figure 4 Serial pure tone audiograms over an %year period. Note the higher hcaring thresholds at the 
upper and lower freqoencies. (A) Two months after onset of CS while on daily corticosteroid therapy. (B) 
Four and one-half year? later on every-other-day corticosteroid therapy. (C) Three years later, demonstrat- 
ing stable to improved hearing over the period of the tests. (0--0, right ear; X- --X, left ear.) 
(From Ref. 14.) 



Cogan’s Syndrome 499 

tory thresholds usually reflect a moderate-to-profound hearing loss, Brain stem auditory evoked 
potentials may be performed when the lesion cannot be localized with certainty to the peripheral 
or central nervous systcm. Peripheral lesions affecting the cochlear nerve demonstrate a delay in 
the first brain stem wave, but a normal or shortened interpeak latency. The differential diagnosis 
of vertigo and hearing loss includes MCnikre’s disease, viral infection, vascular insufficiency, per- 
ilyrnphatic fistulas, drug toxicity, demyelinaling disease (e.g., multiple sclerosis) and cerebello- 
pontine angle tumors (which are usually unilateral, but are rarely bilateral). Episodic vertigo with- 
out hearing loss or tinnitus is termed vestibular neuronitis. Episodic vertigo and hearing loss 
without eye disease suggests a diagnosis of MCniZlre’s disease. Demyelinating discase and cere- 
bellopontine angle tumors also cause hearing loss and vertigo and should be excluded by per- 
forming a magnetic resonance imaging (MRI) scan of the brain with gadolinium. 

Patients with systemic symptoms or findings should be evaluated Ibr possible cardiovascu- 
lar disease and other sites of organ system involvement. The presence of ischemic chest pain, dys- 
pnea, or a diastolic heart murmur calls for a thorough cardiac evaluation, including chest x-ray, 
electrocardiogram, echocardiography, and possibly coronary angiography. Echocardiography is 
important in the evaluation of aortic insufficiency (AI) and may show doppler evidence of rcgur- 
gitant flow, (15,26) “fluttering” of the anterior mitral leaflet (151, left ventricular enlargement 
(1S,26,31), paradoxical movement of the ascending aorta during systole, (26), or thickening of  
valve cusps (15,57). In CS, given the association of ostial coronary stenosis with aortitis, the com- 
bination of ischemic chest pain and A1 demands cardiac catheterization (30,39,57). Patients with 
severe A1 who are surgical candidates should also undergo coronary arteriography. Bruits heard 
over the large peripheral vessels may indicate a vdsculitis of the Takayasu’s type and warant an- 
giographic studies (see Fig. 3). Peripheral vessel angiography can reveal stenosis, dilatations, and 
aneurysms, such as can be seen in large- and medium-sized vessel vasculitis (14,15,17). 

Disorders oiher than CS may also produce concomitant ocular and vestibuloauditory man- 
ifestations. These conditions should be considered in the differential diagnosis of CS and include: 
viral infection (14,55), Chlamydia1 infection (3933,  syphilis (48,49,58), Lyme disease (50-52, 
59), Whipple’s disease (60,61 j, sarcoidosis (47,62-64j, Vogt-Koyanagi-Harada syndrome ( 6 3 ,  
keratitis, ichthyosis, and deafness (KID) syndrome (66), rheumatoid arthritis (67,68), primary 
Sjogren’s syndrome (69), systemic lupus erythematosus (70), anti-phospholipid antibody syn- 
drome (71-74), Wegener’s granulomatosis (75-79), relapsing polychondritis (80-83), BehCet’s 
syndrome (84-86), polyarteritis nodosa (12,87-90), ulcerative colitis (91,92), Crohn’s disease 
(93), primary CNS lymphoma (94-96), chronic lymphocytic leukemia (97), and retinochochleo- 
cerebral vasculopathy (Susac syndrome) (98,99). The differentiating features of these conditions 
are listed in Table 4. Viral infections, sarcoidosis, and systemic vasculitis are the disorders most 
likely to be confused with CS. 

VI. ASCE~TAIN~ENT OF DISEASE ACTIVITY 

Collecting information to ascertain disease activity often requires coordination of multiple physi- 
cians and providers of care, such as ophthalmologists, audiologists, otolaryngologists, and 
rheumatologists. The rheumatologist may be best equipped to ascertain inflammatory disease in 
multiple organ systems, with particular attention focused on the possibility of cardiovascular dis- 
ease (14,15,17,25). 

A complete assessment of ocular disease activity requires a carcful ophthahnological ex- 
amination utilizing a slit lamp and indirect ophthalmoscopy. The slit lamp examination includes 
a careful evaluation of the cornea with an attentive search for infiltration of the stroma (21 ,TI). 
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Stromal scars can develop over time and serial evaluations combined with selected corneal pho- 
tography may be necessary to document these chroiiic changes (2 I j. Slit lamp examination may 
also revcal evidence of anterior uveitis (anterior chamber cells) or episcleritis/scleritis (engorged 
vessels and focaYdiffuse redness in the white part of the eye> (14,15,17). Indirect opththal- 
moscopy may show posterior segment inflammation or central macular edema indicative of 
intermediate uvcilis, retinal vasculitis, retinitis/choroiditis, papillitis, or vitritis (14,15,17,26). 
Retinal vasculitis, retinochoroiditis. and/or central macular edema may be monitored using fluo- 
rescein angiography, which is a useful objective test for judging the response to therapy (26,35). 

Vestibuloaudilory activity manifests with decreased hearing, vertigo, nausea, emesis, 0s- 
cillopsia, ear pressure, and tinnitus (14,15,17). Vestibular symptoms are more severe initially than 
auditory symptoms. Vestibular symptoms decrease in intensity with subsequent flares of CS ac- 
tivity. Loss of hearing, tinnilus, and auricular pressure are more prominent with flares of CS ac- 
tivity after the initial attack. Nystagmus and ataxia can be noted with active vestibular activily. 
Pure tone audiometry is almost always abnormal and should be followed over time as a measure 
of disease activity and response to therapy (15,17,20). Since patients with CS olten develop 
cochlear hydrops, (14, 100) hearing fluctuations can occur from changes in the amount of cochlear 
fluid (35,101). Such changes may be brought about by menstrual variation in salt and water me- 
tabolism, allergies, upper respiratory infection, barotrauma, or any other cause of salt and water 
retention. Although it inay be difficult to distinguish hearing loss due to cochlear hydrops from 
that related to active inner ear inflammation, the presence of vestibular symptoins, active eyc dis- 
ease, or an elevated erythrocyte sedimentation rate suggests a recurrent inflammatory process 
(35,101). 

The assessment of cardiovascular manifestations is another major focus. Symptoms of car- 
diac or limb ischemia should raise suspicion for an inflammatory cardiovascular process 
(14,15,17,26). The heart examination should be specifically directed toward the recognition of a 
possible diastolic murmur, arrhythmia, or signs of congestive heart failure. Peripheral vessels 
should be examined for abnormal pulses or bruits. Arterial vessel abnormalities may be visual- 
ized by angiography using radioopayue dye or MKI techniques, which are useful for diagnosis 
and following the rcsponse to therapy. Aortic insufficiency may be evaluated using two-dimen- 
sional echocardiography. Rarely, a repeat biopsy of  an artery may be utilized to assess disease ac- 
tivity. 

Interstitial keratitis and iritis in CS should be treated with topical ocular corticosteroids, such as 
prednisolone acetate 1 o/o (although lower potency formulations are often adequate), and mnydriat- 
ics to control inflamination and photophobia, prevent synechiae, and maintain ocular comfort 
(35,101). Cases in which IK fails to improve with topical therapy should be investigated for other 
potential causes of corneal inflammation, such as chlamydia (35,39,101). An empirical trial of a 
tetracycline antibiotic may be considered in such instances (101 j. Rarely, treatment of IK and iri- 
tis may require systemic corticosteroid therapy. Ocular symptoms from IK or iritis in CS usually 
respond to treatment within 3 to 7 days with concomitant improvement in signs of ocular inllam- 
ination (15j. 

Other forms of anterior segment infainmation, including conjunctivitis, scleritis, and epi- 
scleritis, should also be treated with topical corticosteroid therapy. Episcleritis and/or scleiitis 
may also benefit from nonsteroidal antiinflanimatory drug (NSAID) therapy. Nodular scleritis or 
scleritis unresponsive to topical corticosteroids or oral NSAIDs may need treatment with sys- 
temic corticosteroids or other immunosuppressive drugs (101 >. 
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Progressive corneal opacification sufficient to interfere with visual function may require 
corneal transplantation. Cataracts may develop aid obscure vision, an indication for cataract ex- 
traction (22,101). Cataract extraction may be required at an earlier stage than usual in a patient 
with CS who is also deaf and dependent on lip reading or sign language for communication 
(35,101). 

Posterior-segment inflammation should be treated with systemic corticosteroid therapy if 
the problem is progressive or persistent and interferes with the patient’s function (1 4,26,101). Pa- 
tients with continued visiial loss despite systemic corticosteroid therapy or the occurrence of sig- 
nificant corticosteroid side effects might require the use of other immunosuppressive drugs. Cy- 
clophosphamide and cyclosporine have each been reported to be effective in patients with CS 
(26,lO I). 

The presence of compromised auditory acuity andlor vestibular dysfunction in a patient 
with newly diagnosed CS is an indication for a therapeutic trial of systemic corticosteroid ther- 
apy. Treatment should be initiated only after quantifying the degrce of abnormality with an au- 
diogram (14,15,17,101). Therapy shouki be started with 1-2 mg/kg/day of prednisone (or an 
equivalent dose of another coriicosteroid) in divided doses (14,101). After initial signs of im- 
provement are noted, generally 3 to 7 days, the dose should be consolidated to a single morning 
dose (35,101) (Fig. 5). After 14 days, if a good response is noted subjectively or objectively by 
examination or audiometry, the decision can be made to continue prednisone for another 1 to 2 
weeks with a subsequent gradual reduction in dose. An attempt should be made to taper the cor- 
ticosteroid dose to an every-other-day regimen within the next 4 weeks, followed by discontinu- 
ation of prednisone within thc next 1 to 2 months. Tapering of the prednisone dose is contingent 
on stable auditory acuity and/or vestibular function (101 ). Certain patients require long-term sys- 
temic corticosteroid therapy because of recurrent episodes of hearing loss during attempts to taper 
the prednisone dose (35). Long-term corticosteroid therapy i s  not needed to control recurrent 
vestibular dysfunction. 

Down fluctuations in hearing judged to be inflammatory in cause should be documented by 
audiometry and treated with 0.5 to 2.0 mg/kg/day of prednisone therapy, depending on the sever- 
ity of change and dose of prednisone at which the hearing loss was noted. If the hearing loss is 
not believed to be inflammatory, auditory acuity may be monitored without change in prednisone 
dose. Such patients may benefit from diuretic therapy for presumed cochlear hydrops, which in 
time may lead to resolution of the hearing deterioration. A trial of increased prednisone therapy 
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Figure 5 Audiometry demonstrating response to therapy with corticosteroids in patient with CS. (A) 
Hearing thresholds prior to therapy. (B) Hearing thresholds after therapy for active CS. (0- 0, right 
ear; X- x, left ear.) 
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m y  be considered in patients who fail to improve after 4-7 days with this more conservative ap- 
proach or in the absence of provocative factors (e.g., upper respiratory infection) (35). 

lf hearing loss occurs during reduction of the prednisone dose, the prednisone dosage may 
be increased empirically or another iimnunosuppressive drug can be added to the treatment regi- 
men. Steroid-sparing therapy may be considered for patients in whom excessive corticosteroid 
doses are required to control the hearing loss or who show signs of corticosteroid intolerance. 
Other immunosuppressive agents may also be needed in the rare patient with CS whose hearing 
fails to respond to prcdnisone therapy within 14 days. Criteria should be established to define the 
end points for therapy and might include stabilized or improved hearing after 2-3 months, dis- 
continuation or reduction of the prednisone dose, or resolution or improvement of corticosteroid- 
related side effects (35,101 ). Cyclophosphanlide, methotrexate, azathioprine, and FK-506 have 
been successfully utilized as adjunctive therapy in anecdotal reports of CS, although their efficacy 
in controlled trials has not been tested (17,35,102-104). Oral neutral protease therapy has also 
been reported to be effective in CS (105). Patients have undergone cochlear implants because of 
severe hearing loss, with improvement in function (106). 

Systemic necrotizing vasculitis (SNV) is treated with 1 mg/kg/day of prednisone starting in 
divided doses with subsequent consolidation. Other iinmunosupprcssive therapies may be added 
depending on the severity of disease and the nature of organ system involvement (35,101). Cy- 
closporine at a dose of 5 mg/kg/day or less has been effective for large-vessel vasculitis (26), and 
cyclophosphainide beginning at 2 mg/kg/day has been effective for medium-sized vessel vas- 
culitis (35,101). After 4 weeks, the prednisone dose is tapered over 4-6 weeks to 0.5 mg/kg/day 
or less. Subsequently, the prednisone is tapered to every other day therapy and then to zero or the 
lowest effective dose, which should be <I0 mg/day of prednisone (101). The additional im- 
munosuppressive therapy is continued for 9-1 2 more months beyond the point of disease rernis- 
sion or slabilization and may be discontinued in the case of disease remission (261 0 I ) .  Response 
to therapy is monitored by clinical parameters, such as pulses and bruits, the appearance of arte- 
rial lesions by doppler ultrasound, standard angiography, or MRI angiography, the sedimentation 
rate, <and appearance of the urinary sediment. 

Angina or claudication in a patient with CS should prompt angiography to search for evi- 
dence of SNV (35,101). IT a surgical procedure is indicated, pathological inaterial should be care- 
fully evaluated for vascular inflammation. As in aortitis, procedures should be avoided, if possi- 
ble, in the face of active inflammation; however, these can proceed, if clinically necessary, 
regardless of whether inflammation is present or not (35,101). 

The cause of CS is still unknown. Since upper respiratory infection precedes the development of 
CS in up to 40% of cases (15). a microbial etiology with postinfectious immunopathology ha5 
long been considered as a possible etiology of CS. Several investigators have attempted to link 
CS with chlamydia1 infection based on serological criteria (1 4,107). In patlicular, frequent refer- 
ence has been made to a patient with CS who had a fourfold rise in serum IgG antibodies to 
Chlaniydiapnc.uPnt/rziae (39). However, causation cannot be inferred simply from the detection of 
serum antibodies to chlamydia. Repeated failures to culture chlamydia species from the eyes and 
ears of CS patients argue persuasively that this organism is not the sole inciting agent in CS. 

The histopathology of the eye and inner ear lesions in CS is compatible with iinmune-me- 
diated mechaiiisms of disease pathogenesis. Interstitial keralitis is characterized by lyniphocytic 
and plasma cell infiltration in the deeper layers of the cornca (108). Chronic cases may produce 
neovacularization and scarring. Pathological descriptions of the vestibuloauditory apparatus in 
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CS have been limited to a few autopsy reports. The autopsy of the patient who was earliest in the 
disease course showed lymphocytic and plasma cell infiltration of the spiral ligament, endolyin- 
phatic hydrops, degenerative changes in the organ of Corti, and demyelinatinn of the vestibular 
and cochlear branches of the eighth cranial nerve (9). The two cases with more prolonged disease 
revealed extensive new bone formation, severe hydrops, and degeneration of the sensory recep- 
tors and supporting structures (109,110j. 

Beyond the eye and inner ear, CS may be associated with a medium-sized artery vasculitis 
in which the histological changes are typical of polya-teritis nodosa (9) (Fig. 6). A minority of pa- 
tients with CS has been reported with aortitis, narrowing of the major branches of thc aortic arch 
at their origin, dilation of the aortic ring, coronary ostial occlusion, aortic valvulitis, and coronary 
vasculitis (9,14,26,28,30,3 1 j, The pathology of the aortitis resembles that of Tdkayasu's artcritis 
(14,30). Aortic valves obtained after valve replacement surgery and at autopsy have grossly 
shown cusp detachments and outpouchings, fenestrations, thinning, thickening, and rctractiori 
(1 0,28,30,3 I ). Histopathological examination of these specimens has revealed fibrinoid necrosis, 
lymphocylic infiltration, myxomatous degeneration of the valve leaflets, and irregular thickening 
of the endocardium (10,28,30,3 1 , 1 1 1  j. 

A limited body of evidence suggests that the eye and inner ear disease in CS may result 
from organ-specific autoimmunity. A few cases have been described in which the patients have 
serum antibodies to undefined corneal antigens ( 1  12,113). Pcripheral blood from a young woman 
with CS who had both IK and scleritis was shown to be reactive with retinal S antigen, outer rod 
segment, and scleroprotein ( 1  14). Other case studics have shown peripheral lymphocyte reactiv- 
ity in vitro to mixtures of inner ear antigens as well as serum antibodies to inner ear proteins 

Figure 6 Histology of vascular and splenic inflammation in a patient with CS. (A) Medium-si7e blood 
vessel in dermis with inflammatory cells in and around the vessel wall (arrow). V bhows the vessel lumen 
(hemotoxylin and eosin). (B) Inflammatory infiltrate in the lumen (V) and in and around a vessel in the gas- 
tric serosa (hematoxylin and eosin). (C) Giant cells (arrowu) in splenic granulomatous inflammatory infil- 
trate (hematoxylin and eosin). (D) A splenic muscular artery with inAammatory cells in a thrombus in thc 
lumen and the vessel wall (arrows) (hematoxylin and eosin). (From Ref. 26.) 
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(24,115,116). For example, hloscicki et al. (116) found antibodies to a 68-kDa bovine inner ear 
protein in 8 of 8 patients with CS compared with 42 (58%) of 72 patients with idiopathic, pro- 
gressive, sensorineural hearing loss and 1 of 53 normal controls. These results are difficult to in- 
terpret without a comparison group of patients with other types of immunological disease. How- 
ever, in another study, serum antibodies to a 68-kDa inner ear protein were detected in only 10 
(5%) of 200 patients with rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) 
who had no evidence of hearing loss. Jnterestingly, results from the same study showed that 30% 
of patients with MCnibre’s disease also tested positive for serum antibody reactivity with a 68- 
kDa protein (1  17). The identity of the 68-kDa antigen is unknown. 

The immunopathological mechanisms underlying the chronic inflammatory response in CS 
are probably similar in the eye and inner ear to those of other tissues, but with some important 
differences. The cornea and the anterior chamber of the eye are usually considered to be im- 
munologically privileged sites. The anterior chamber and cornea contain transforming growth 
factor-p, a potent inhibitory cytokine. Other, as yet unidentified, iminunosuppressive factors are 
produced by corneal fibroblasts and epithelial and endothelial cells ( 1  18). Corneal injury from in- 
fection or other insult may revoke the immune privilege by stimulating corneal vascularization, 
providing a route for the influx of antigen-presenting cells (APCs) and other immune cells (1 19). 
Once immune cells gain access to the eye, interactions between T cells, peptide antigen, and 
APCs and the production of proinflammatory cytokines likely drive the inflammatory response. 

The blood-labyrinthine barrier was initially believed to protect the inner ear from immune 
attack. However, recent studies show that the inner ear can mount an immunological response. 
Leukocytes enter the inner ear through the endothelium of the spiral modular vein. Early in the 
inflammatory process, the endothelial cells undergo morphological transformation to high en- 
dothelial venules and are stimulated to express intraccllular adhesion nlolecule (1CAM)- 1 and 
other molecules involved in leukocyte extravasation (120,12 I>. The leukocytes migrate across the 
endothelium into the cochlear and vestibular labyrinth where they participate in the chronic in- 
flammatory response, The byproduct of chronic inflammation is the accumulation of extracellu- 
lar matrix and endolymphatic hydrops. Animal studies show that the extracellular matrix is 
cleared poorly from the inner ear. Ossification is the ultimate outcome regardless of the original 
insult (1 2 1). Histopathological analysis of temporal bone specimens from patients with CS tends 
to reflect these pathways of inflammation and injury. 

The diagnosis of CS is based on the presence of IK, or other types of ocular inflammation, and 
vestibuloauditory dysfunction. While initial cases portrayed the ocular and vestibuloauditory 
components of CS, more recent experieiice has recognized the association of this disease with 
aortic insufficiency, coronary arteritis, and SNV. The natural history of IK is relatively benign and 
does not usually demand aggressive therapy. The ocular outcome in patients with CS is almost al- 
ways good (14,15,17). However, more serious ocular inflammation, such as scleritis or retinal 
vascnlitis, may cause permanent eye damage and generally warants the use of corticosteroid plus 
cytotoxic drugs. Hearing declines in a stepwise progression with repeated attacks of vestibuloau- 
ditory dysfunction, and loss of auditory acuity is the major debilitating seyuelae for most patients 
with CS. Progression to deafness is frequent, occurring in 25-50% of patients (15,17). Vestibular 
symptoms and signs improve with time, but persistent oscillopsia is noted in 15-20% of patients 
(17). The efficacy of thcrapy for the auditory manifestations of CS is not well documented. How- 
ever, auditory thresholds are less than 60 decibels in -17% of CS patients who had not received 
oral corticosteroid or cytotoxic therapy, but more than 60 decibels in 81% of CS patients who re- 
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ceived oral corticosteroid or  oral corticosteroid plus other immunosuppressive therapy (1 7). 
Complete deafness may be treatcd with cochlear implants, which have been shown to improve the 
hearing and quality of life and provide hope to many patients with this unfortunate outcome. 
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6: the Central Nervous System 

Leonard H. Calabrese 
Cleveland Clinic Foundation, Cleveland, Ohio 

George F. Duna 
Baylor College of Medicine, Houston, Texas 

Among the many forms of  organ-limited vasculitis, that aRecting the central nervous system 
(CNS) remains one of the most challenging from a clinical and pathophysiological perspcctive. 
Reasons for this include (1) lack of specificity of signs and symptoms, (2) limited accessibility of 
the end-organ for pathological examination, (3) lack of efficient noninvasive diagnostic tests, and 
(4) the relative rarity of different forms of CNS vasculitis. Despite these limitations, considerable 
progress has been made over the past decade in our understanding of these conditions. 

Vasculitis of the CNS is currently classified as either primary or secondary (1,2). Central 
nervous system vdsculitis that is not associated with a systemic illness or vasculitis outside of the 
CNS is known as primary angiitis of the CNS (PACNS). Once considered a rare and uniformly 
fatal disorder, PACNS is now more commonly diagnosed and recognizcd as a disorder with 
marked clinical and presumed pathophysiological heterogeneity. Secondary vasculitis o f  the CNS 
is found in association with a wide variety of conditions including infections, drugs, malignan- 
cies, systemic vdsculitides and connective tissue diseases. This chapter focuses on the major 
forms of CNS vasculitis, with emphasis on their clinical findings, diagnosis, and treatment. 

II. EP I~E~ IOLOGY OF PACNS 

As of 1988 there were only 46 cases of PACNS described in the world literature. At that time, Cal- 
abrese and Mallek proposed three criteria for a diagnosis of PACNS (3) .  

A history of a clinical finding of an acquircd neurological deficit that remained unex- 
plained after a thorough initial basic evaluation. 
Either classic (high probability) angiographic evidence or bistopathological demon- 
stration of angiitis within the CNS. 
No evidence of systemic vasculitis or any other condition to which the angiogrdphic or 
pathological features could be secondary (Table 1 ). 

While thcse criteria served a useful purpose in providing a basis for analyzing such cases, 
they did not accommodate the possibility that histologically confirmed cases and those diagnosed 
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Table 1 Conditions That Rescmble PACNS (3,6) 

Systemic vasculitides 
Polyarteritis nodosd 
Allergic granuloniatosis 
Hypersensitivity vasculitis group disorders 
Vascnlitis with connective tissue disease 
Wegener’s granulomatosis 
Temporal artenlis 
Takayasu’s arteritis 
Behpt’s disease 
Lymphomatoid granulomatosis 
Cogan’s syndrome 

Viral, bacterial, fungal, rickettsia1 

Angioimmunoproliferative disorders 
Carcinomatous meningitis 
Infiltrating glioina 
Malignant angioendotheliomatosis 

Amphetamines 
Ephedrine 
Phenylpropanolamine 
Cocaine 
Ergotamine 

Postpartum angiopathy 
Eclampsia 
Pheoc hromocytoma 
Subarachnoid hemorrhage 
Migraine and cxertional headachc 

Fibromuscular dysplasia 
Moyamoya disease 
Thrombotic thrombocytopenic purpura 
Sickle cell anemia 
Ncurofibrornatosis 
Cerebrovascular atherocclerosis 
Demyelinating disease 
Sarcoidosis 
Emboli (i.e., SBE, cardiac myxoma, paradoxical emboli) 
Acute posterior placoid pigment epitheliopathy and cerebral vasculitis 
Antiphospholipid antibody syndrome 

Infection$ 

Neoplasm 

Drug use 

Vasospastic disorders 

Other vasculopathies and mimicking conditions 

solely on angiographic grounds may not he clinically equivalent. At the time these criteria were 
proposed, there was little evidence to suggest that PACNS was other than a homogeneous+ highly 
progressive, and fatal illness, The past decade has witnessed an increasing appreciation that 
within the spectrum of PACNS, there is considerable clinical heterogeneity including subsets 
with relatively benign prognosis. In support of this concept are numerous case reports of PACNS 
with benign outcome and more recently the establishment of criteria to identify such (4-6). In 
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1983, the importance of this observation became particularly acute after the report of Cupps et al. 
(7), describing successful therapy of PACNS with a combination of glucocoi-ticoids and cy- 
clophosphamide. Following this, it became common practice for patients diagnosed by either 
biopsy or solely on angiographic grounds to be treated with such therapy for prolonged periods 
of time. Based upon these observations, we believe it is imperative to attempt to define subgroups 
within PACNS, including those cases with relatively benign outcomes that may not require high- 
intensity irniniinosuppressive therapy, or at times, any immunosuppressive therapy at all. 

111. CLINICAL SUBSETS OF PACNS 

ranulomatous Angiitis of the Central Nervous System 

1. Clinical and Pathological Features 
In 1959, Cravioto and Feigin (8) elegantly described a small series of patients with a chronic, pro- 
gressive, and fatal form of CNS vasculitis with granulomatous pathology limited to the brain and 
meninges. These original clinical and pathological descriptions have endured as a model of this 
subset of PACNS that we now refer to as granulomatous angiitis of the CNS or GACNS (8-10). 
Unfortunately, throughout the last several decades, the term GACNS is often used interchangc- 
ably with any form of vasculitis suspected of being confined to the CNS regardless of whether it 
is diagnosed on pathological grounds or purcl y through angiographic means, and regardless of 
whether granulomatous pathology is documented in involved tissue. We believe that GACNS i s  
still a useful diagnostic term, but must be reserved for those cases conforming to the full clinical 
and pathological features as originally described. The major clinical and pathological features are 
outlined in Table 2. Using these criteria, there have been approximately 136 cases reported as of 
1997 (10). 

From a clinical perspective, it is highly useful to categorbe PACNS as being either patho- 
logically or angiographically documented (i.e.. in the absence of histological confirmation). All 
patienls pathologically documented should further be classified as either having granulomatous 
or nongranuloinatous pathology. Based upon the literature aiid our own clinical experience, we 
have estimated that at least half of patients with pathologically defined PACNS have nongranu- 
lomatous pathology. The details of this observation are described later in this chapter. The pathol- 
ogy of GACNS is that of a leptomeningeal and cortical vasculitis disease involving the small and 

Table 2 Esscntial Features of GACNS 

Clinical 
Variable onset but most frequently a prolonged prodroine of 3 4  or more months 
Mixture of local and nonf'ocal neurological signs 
CSF analysis abnormal in 90% (aseptic meningitis formula) 

Ncuroimaging reveals signs of multifocal ischemia of varying ages 
Variable presence of leptomeningeal enhancement 
Angiography norinal in approximately 40% 

Vasculitis of small and medium-sized vessels of leptomeningies and underlying 

Giant cells may or may not be present. 

Diseases and conditions in Table I 

Radiographic 

Pathological 

cortex with variable dcgrees of granulomatous changes 

Exclusions 
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Figure 1 (A) Brain hiopsy findings of granulomatous vasculitis in PACNS side-hy-side with a poly- 
arteritis nodosa-type necrotiting vasculitis (open arrow) and two normal arterioles (short arrows). (B) 
Close-up showing forcign body (short arrows) and Langerhms’ (long arrow) giant cells in the granuloma- 
tous inflammation. (Heirtatoxylin and eosin stain, magnification ~ 6 4  and ~400.) (From Ref. 1.) 

mediutn-sized cortical arteries, and less commonly, veins (9). The nature and intensity of granu- 
loma formation may markedly vary as evidenced by Figures 1 and 2. At times, well-formed gran- 
ulomas reminiscent of sarcoidosis may be identified in an angioinvasive pattern, but more fre- 
quently, the inflammation merely shows granulomatous features with a mixed infiltrate of 
mononuclear inflammatory cells, activated histiocytes, and a variable frequency of giant cells. 
There have been no clinical correlates with any specific pathological feature noted to date. 

The clinical manifestations of GACNS are nonspecific (1,2,6,9-11). It may occur at any age 
and tends to be slightly male predominant. The typical patient is a man or a woman in the fourth 
or fifth decade of life with the insidious onset of a progressive neurological dysfunction includ- 
ing both focal and iionfocal manifestations. As noted above, the onset is generally insidious with 
a prodrome that may last several years or more before diagnosis. Rarely, however, the onset may 
be hyperacute. 

The most common symptom is headache, which varies in quality, ranging from mild and 
chronic to severe and hyperacute. Curiously, the headaches may spontaneously remit for long pe- 
riods of time. Since virtually any anatomical area of the CNS may be *affected by vasculitis, a wide 
range of focal neurological defects may be seen, including transient ischemic attacks, strokes, 
paraparesis, quadriparesis, cranial neuropathies, ahxia, and seizures. Retinal vasculitis has occa- 
sionally been reported ( I  2,13). The spinal cord may occasionally be involved and may rarely be 
the exclusive manifestation of the disease. Infrequently, subarachnoid or intraccrebral hemor- 
rhagc is the initial event. 

Nonfocal neurological deficits are characteristic of this disorder and include an acute or 
subacute encephalopathy (12), which rarely may present as a pure dementia. However, a de- 
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Figure 2 Marked mononuclear inflaminatory infiltrate in a cortical vessel with a well-formed paravascu- 
llir granuloma. (Hematoxylin and eosin stain, magnification ~ 2 0 0 . )  (From Ref. 2.)  

creased or fluctuating level of consciousness is more common. A picture with some similarities 
to multiple sclerosis has also been described ( I  3). Although there is no clinical presentation spe- 
cific for GACNS. a chronic, progressive neurological disorder including both focal and nonfocal 
dcficits is most characteristic. Importantly, systemic symptoms such as fever, weight loss, arthral- 
gias, and myalgias, which are typical of systemic vasculitis, are uncommon in PACNS and should 
suggest a different diagnosis. 

2. Laboratory Findings 
There arc no noninvasive tests or blood studies of sufficient positive predictive value to secure the 
diagnosis of GACNS. The actual diagnosis relies heavily on several neurologically oriented, di- 
agnostic modalities. Thcse tests include cerebrospinal fluid (CSF) analysis, noninvasive neu- 
roimaging such as computerized tomography (CT) and magnetic resonance imaging (MRI), cere- 
bral angiography, and ultimately biopsy of CNS tissues. 

Cerebrospinal fluid analysis is an essential part of the diagnostic process for GACNS. In 
over 90% of patients with histologically confirmed CNS vasculitis, the CSF is abnormal. How- 
ever, when angiography is the principal means of diagnosis, CSF is completely normal in over 
40% of pathologically documented cases (6). The cause for this discrepancy is unclear, but as de- 
tailed in the next section, may indicate that angiography alone may define differcnt subsets of 
PACNS. Cerebrospinal fluid findings are generally characteristic ol' aseptic meningitis, dis- 
playing a modest pleocytosis, normal glucose, and an elevated protein. Increased IgG synthesis 
and the presence of oligoclonal bands are occasionally detected and generally arc unhelpful be- 
cause of their lack of specificity. The most important aspect of CSF analysis is its utility for de- 
tection of CNS infection. While the extent of inicrobial screening should be influenced somewhat 
by the clinical situation, cultures for bacteria, mycobactena, and fungi should be routine (14). In 
addition, we believe all suspected cases should routinely be evaluated for occult viral infections, 
especially varicella zoster virus, which may mimic GACNS clinically and histopathologically 
(15). 

Angiography is an insensitive tool for the diagnosis of GACNS and probably should be re- 
served after biopsy of the CNS in the diagnostic algorithm. Despite this, approximately 40% of 
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patients may have high-probability angiograms, which we define as demonstrating multiple areas 
of stenosis and ectasia in multiple vascular beds (6). Occasionally single or multiple microan- 
euysms may be noted, but they do not carry the same specificity for arteritis in the CNS as they 
do in visceral angiography (1 6). Unfortunately, even a high-probability angiogram lacks speci- 
ficity and is incapable of securing the diagnosis of GACNS under most circumstances (17). Fol- 
lowing successful therapy, regressions of both arterial beading and aneurysms have been docu- 
mented ( 1  6,lX). 

Noninvasive neuroimaging techniques such as CT and MRI are important in the diagnosis 
of GACNS as well as other subsets of PACNS. Magnetic resonance imaging is more sensitive 
than CT and is the preferred diagnostic imaging technique when other than acute cerebral hem- 
orrhage is suspected. Common MRI findings in GACNS, as well as other forms of PACNS, in- 
clude multiple bilateral supratentorial infarcts, including lesions in the cortex, deep white matter, 
and/or leptomeninges (1 9-2 1 ). With the use of contrast agents, lesions in both the cortex and lep- 
tomeninges may demonstrate enhancement, but this is a nonspecific finding. Enhancement within 
the leptomeninges is highly predictive of a diagnostic biopsy and should be scarched for in all 
cases (21). Occasionally, PACNS may manifest as diffuse white matter disease mimicking a pri- 
mary demyelinating disease (22). If one considers only patients with pathologically documented 
PACNS, the sensitivity of MRI approaches 100% (1,15,23). When combined with the over 90% 
sensitivity of CSF analysis, the prcscnce of a normal CSF and a nonnal MRI should strongly dis- 
suade against the diagnosis of GACNS. When considering cases defined solely on the basis ofan- 
giography, however, MRI is less sensitive and at times may be completely normal (24). 

Thc gold standard for the diagnosis of all forms of vasculitis is histological confirmation. 
Biopsy of the CNS is particularly important in the diagnostic process since it is capable or de- 
tecting mimicking conditions, such as lymphoproliferative diseases, certain infections, sarcoido- 
sis and other forms of occlusive vascular disease (25). Brain biopsy is unfortunately limited by 
poor sensitivity. Premortem, biopsies yield false-negative results in an estimated 25% of autopsy- 
documented cases (7). Reasons belying this low sensitivity include technical factors, such as fail- 
ing to sample both cortex and leptomcningcs, as well as the patchy nature of the disease (24). As 
noted above, biopsy of a radiographically abnormal area, particularly in the presence of en- 
hancement by MFU, improves the sensitivity of the procedure (25,26). 

In the absence of surgically approachable focal lesions, an open biopsy of the temporal tip 
of the nondominant hemisphere is the preferred procedure (1,25). Sampling of  the basilar 
meninges is important when attempting to exclude certain indolent infections or sarcoidosis 
(1,25). Steriotactic biopsy is probably not indicated unless approaching a mass lesion (27). Re- 
gardless of the technique, tissue samples should be stained and cultured for microorganisms with 
an effort to preserve frozen tissues for further investigations if found necessary. Although false- 
positive biopsies are rarely reportcd, areas of vascular inflammation may be encountered in lym- 
phoproliferative diseases and CNS infections. Even when vasculitis is identified, special stains for 
microorganisms are essential. In predominantly lymphocytic lesions, immunohistochemistry 
and/or DNA analysis for clonality may also be needed to help clarify whether one is dealing with 
a lymphoproliferative process. Since the specificity of a biopsy i s  not loo%, even a positive 
biopsy result should be interpreted in light of the entire clinical picture. 

B. Benign Angiopathy of the Central Nervous System 
or Reversible Vasoconstrictive Disorder 

The working case definition of PACNS ( 3 )  has created a subset of patients in whom the diagno- 
sis has been established solely on angiographic grounds. In this population, an antemortern CNS 
biopsy may have been nondiagnostic or, more commonly, never performed at all. Such cases rep- 
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resent a sizable subsel of the PACNS literature accounting for 44 of 168 recently reviewed (28). 
Cases diagnosed solely on angiographic grounds have become even more c o m o n  in recent years 
with the aggressive application of neuroradiographic techniques in the investigation of unex- 
plained CNS disease. 

Given the absence of  tissue confirmation in these patients, the reliability of cerebral an- 
giography to secure thc diagnosis of CNS angiitis has justifiably come under question. Duna and 
Calabrcse ( 1 7) have reported that even a high-probability angiogram, defined as alternating areas 
of stenosis and ectasia in multiple vascular beds, is likely to represent a false-positive test in the 
clinical evaluation of suspected vasculitis. In practice, we believe that only rarely can the “clas- 
sic” angiographic picture of vasculitis be differentiated from the vascular changes resulting from 
certain infcctions, degenerative vascular disease, or vasospastic disorders. Based on these data, 
we and others (1,4,29) believe that within this angiographically defined subset is a group of pa- 
tients with characteristic features that differentiate them from patients with GACWS. 

A careful review of the historical literature on PACNS reveals numerous isolated cases of 
putative PACNS, diagnoscd exclusively on the basis of angiography, with seemingly benign 
courses that have been labeled isolated benign cerebral vasculitis, isolated benign cerebral arteri- 
opathy, and reversible cerebral segmental vasoconstriction (5) .  Based upon these reports and a re- 
view of all angiographically and pathologically defined cases in the literature, we proposed the 
diagnostic term “benign angiopathy of the central nervous system,” or BACNS. In retrospect. this 
term appears to be unfortunate since not all patients have a clinically benign outcome, but we still 
believe that they are generally clinically distinct. The major features of this disorder are sumnia- 
rized in Table 3 and include a fenialc predominance, with acute onset of severe headache or focal 
neurological event, a normal or nearly normal cerebral spinal fluid analysis, a high-probability 
angiogram, and a course more often monophasic and bcnign than that seen in pathologically doc- 
umented GACNS. It should be emphasized that BACNS has been defined as a clinical and an- 
giographic syndrome and not merely PACNS diagnosed via angiography. 

A similar clinical and angiographic picture has been reported in patients exposed to some 
sympathonliinetic drugs (30,31), with pheochromocytoma (32), in the sctting of complex 
headaches such as migraine or exertional headaches (33,34), and in the postparturn period 
(35-37). The striking similarities between the clinical and angiographic picture of BACNS and 
these latter conditions suggest that reversible vasoconstriction may belie the undcrlying angio- 
graphic changes. Unfortunatcly, in the absence of definitive pathophysiological investigations, 
the underlying pathology responsible for this syndrome remains unknown. We now favor the 
term, “reversible vasoconstrictive disease,” ovcr BACNS since it does not nccessarily imply a be- 
nign outcome. Cerebral hemorrhage and death can be the sequelae of this presentation, but more 
often than not, the course is benign, 

Table 3 Essential Features of Reversible Vrtsoconstrictive Disease (BACNS) 

Climcal 
Most common in young women 
Acute onset (hours to days) 
Scvcre hcadachc and or focal neurological event 
Normal or nearly normal CSF analysis 

High-probability angiogram for vasculitis (segmental narrowing, ectasia, or 
Radiographic 

beading in multiple vascular beds) 
Exclusions 

Diseases and conditions in Table I 
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tker Forms of PACNS 

Reversible ccrebral vasoconstrictive disease and GACNS appear to account for no more than 50% 
of all cases of PACNS fulfilling the working diagnostic criteria (38). The remainder ofcases, lack- 
ing characteristic features of either snbset must at present be defined in descriptive tenns based 
on clinical course, neurological deficits, pathological description, and/or angiographic findings. 
Within this sizable population of patients are certain recurrent thenies that deserve further de- 
scripti on. 

1. Mass Lesion Presentation 
Approximately 15% of PACNS patients present with mass lesions (generally single and occa- 
sionally multiple), which should always be considered neoplastic or infective in origin until 
proven otherwise (1,38). As with all forms of PACNS, thc underlying etiology of such cases is 
unknown. The pathology of such lesions may be granulomatous or nongranulomatous. In our lim- 
ited expericnce, the clinical course appears to be relatively benign with treatment generally lim- 
ited to corticosteroid therapy. Reports of cure by resection have been described. All other patients 
have required combination immunosuppressive therapy (2) similar to that utilized in GACNS. 

inal Cord Presentation 
PACNS can also prescnt with spinal cord involvement and ovcr 75% of these cases appear to have 
GACNS (38). Such patients most often present with a progressive paraparesis, but acute trans- 
vcrsc niyelitis and acute spiii;d subdural hemorrhage have also been reported (39). Differentiation 
from infective and/or neoplastic forms of spinal cord disease is often difficult and generally re- 
quires biopsy confirmation. 

3. A~yloid-Associated PACNS 
There are approximately 10 patients reported with cerebral amyloid who additionally have fea- 
tures of GACNS (10,40). In these cases, headaches, mental change, gait difficulty, and focal cere- 
bral signs were prescnt in the majority al the onset of their illness. Progressive stupor, coma, and 
death followed in about half. As expected, these cases have been observed predominantly in older 
individuals. It has recently been suggested that the inflammatory vascular infiltrates are consis- 
tent wirh a foreign body reaction evoked by amyloid rather than amyloid deposition being sec- 
ondary to the inflammatory proccss of slrteritis (41). This view is supportcd by the presence of 
betdA4 and cystatin C amyloid within macrophages and giant cells within the lesions, presum- 
ably secondary to phagocytosis. 

4. CNS Sarcoid Vasculitis 
Another interesting subgroup of patients are those with sarcoidosis and a clinical and histologi- 
cal picture virtually indistinguishable from GACNS (1 0). In sevcral of these cases, including the 
one illustrated in Figure 2, there was no evidence of any sign of sarcoidosis outside the CNS. How 
to best classify such patients is currently unsettled. 

5. VZV-Associated PACNS 
Perhaps the most perplexing subset of patients with PACNS arc those with associated varicella 
zoster virus (VZV) infection. The association of VZV infection with CNS vascular disease has 
been well described. The most well-known syndrome i s  that of contralateral hemiplcgia in the set- 
ting of VZV infection of the trigeminal nerve (42-45). In this syndrome, several weeks to months 
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Following VZV infection, the patient suffers an ischemic evcnt secondary to vasculitis of the mid- 
dle cerebral artery, several of its branches, and occasionally the internal carotid artery. The mech- 
anism appears to bc retrograde spread of VZV via anastomotic branches of the gasserian ganglion 
to the cerebral circulation (44-46). Usually the disease remains anatomically localized and 
monophasic in course. We do not view such patients with this typical monophasic and focal i l l -  
ness to have true PACNS, since they generally can be readily differentiated on clinical and/or an- 
giographic grounds. 

A second VZV-associated syndroinc of CNS vascular disease has been described most fre- 
quently in patients with altered host defenses, and appears indistinguishable from idiopathic 
GACNS ( 1  4,43). This disease may evolve in the setting of ei ther VZV infection of the trigeminal 
nerve or infection of other spinal radicular dennatomes, or even in the absence of clinical VZV 
infection. Gilden et al. (14) have recently described a case of waxing and waning vasculitis ong- 
inally thought to be idiopathic GACNS and only later demonstrated to be VZV-associated 
through utilization of molecular techniqucs demonstrating VZV antigen in cerebral arteries with 
a patchy or skip distribution. This patient did not have a zosteriform rash preceding the illness. 
Another recent investigation has demonstrated the frequent subclinical extension of viral infec- 
tion into the CNS in patients with acute hcrpes zoster, further supporting the potential role for oc- 
cult VZV infection in PACNS (47). We believe that all cases of suspected PACNS should have 
CSF tcsting for VZV by the polymerase chain reaction. 

Lastly, also of note are the sizable number of patients with PACNS with nongranulomatous 
pathology. Whether these patients represent truly a different disorder or sampling bias of biopsies 
rcntains to be determined. 

IV. TREATMENT AND OUTCOME OF PACNS 

The single most important aspect of successful treatment of any form of PACNS is a secure di- 
agnosis. The diagnoses listed in Table 1 must firmly be excluded even in the presence or a high- 
probability angiogram or histology demonstrating angiitis within the CNS. In particular, the ex- 
clusion of infectious etiologies is of utmost importance. A useful principle for guiding the 
diagnostic search for PACNS is that the clinician is statistically more likely to encounter other 
conditions that explain the neurological problem. In a recent study from the Cleveland Clinic 
Foundation, Duna and Calabresc (1 7) reviewcd thc records of 30 patients referred for evaluation 
of PACNS who ullimately required either cerebral angiography and/or brain biopsy. The final di- 
agnosis revealed that only 7 patients had PACNS while 23 had other disorders including infcc- 
tions, lymphoproli ferative disorders, demyelinating disease, vasospastic diseases, and miscella- 
neous conditions. Careful examination of the CSF is an essenlial procedure, particularly when 
suspecting GACNS. A chronic meningitis formula should stimulate further investigations for 
other possible etiologies including neoplastic, infectious, and other inflammatory diseases (14). 
If the diagnosis is still in doubt in patients presenting with chronic meningitis, biopsy of the CNS 
is nearly always indicated. As noted above, the importance of performing a biopsy is as much to 
rule out mimicking conditions as it is to confirm the suspected diagnosis (48). Performance of a 
biopsy is particularly important in those patients in whom immunosuppressive therapy with cor- 
ticosteroids and cytotoxic drugs is being contemplated. 

In patients who present with more focal presentation, such as stroke or transient ischemic 
attacks (TIAs), but who do not display a chronic mening formula within the CSF, it is impor- 
tant to perform a detailed search for hypercoagulable states. Transesophageal echocardiography 
is necessary to search for myxomas and valvular vegetations and to exclude the presence of a 
patent foramen ovale as a source of paradoxical emboli. 
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There are no controlled trials of therapy in PACNS diagnosed either by antemortem biopsy 
or angiography. In general, we believe, based on our limited experience (3,6) and that from the 
literature (lo), that patients with histologically confirmed GACNS should be treated with ag- 
gressive combination therapy with corticosteroids and cyclophosphamide. The treatment course 
is generally 6-12 months with a tapering schedule similar to that used in patients with Wegener's 
granulomatosis. All patients should receive prophylaxis for Pneumocystis carinii pneumonia 

Assessment of disease activity in PACNS is problematic. In patients with GACNS variant, 
serial assessment of MRI looking for decreased enhanccmenl within the leptomeninges (when 
present) can be helpful. Serial examinations of CSF to denionstrate resolution of inflammatory 
changes is also helpful in our experience. Unfortunately, neurological deficits, particularly those 
which are dense, are unlikely to improve and reflect more damage than disease activity. 

In patients with the reversible vasoconstrictive variant of PACNS, angiographic improve- 
ment or resolution may be documented within 8-12 weeks (2). We believe that this is important 
lo document, since failure to resolve or dramatically improve on therapy is suggestive of alterna- 
tivc diagnoses. 

The recommended treatment for the reversible vasoconstrictive syndrome is based solely 
on our own clinical experience (3,6), with some growing consensus in the literature (50,51). As 
with GACNS, therc are no controlled trials on which to base such recommendations. Given the 
benefits of high-dose corticosteroids in experimental vasoconstriction secondary to subarachnoid 
hemorrhage (50), we recornmend high-dose corticosteroids (approximately 60-80 mg of pred- 
nisone a day) tapered over a 2-4 week period. ln addition, we recommend the use of a calcium 
channel blocker for at least 6-1 2 months. Avoidance of sympathomimctics and other aggravating 
factors such as nicotine, caffeine, etc., is also important (53). The role of other experimental 
agents, such as vasodilators such as papaverin, nonsteroidal antiinfammatory drugs, and biolog- 
ical agents such as monoclonal antibodies directcd against ICAM-1, all have a basis in experi- 
mental studies, but have not been rigorously clinically tested. 

(49). 

V. SECONDARY FORMS OF CNS VASCULlTlS 

Cerebral vasculitis may be associated with a variety of conditions, including infections, drugs, 
lymphoproliferalive diseases, systemic vasculitides, and connective tissue diseases (1) (Table 4). 
Although the evidence for a direct cause and effect mechanism is generally lacking, removal of 
the exogenous inciting agent or control of the associated systemic disease may result in amelio- 
ration of the secondary CNS vasculitis. A diligent search for associated conditions i s  thus essen- 
tial in the approach to the patient with suspected cerebral arteritis. 

A. Infections 

In the evaluation of CNS vasculitis, it is important to search for infection through microbiologi- 
cal analysis of cerebrospinal fluid and biopsy material. This cannot be ovcrernphasized since the 
clinical and angiographic presentations ol' infection-related cerebral arteritis mimic those of 
PACNS (1 34). Furthermore, the underlying infection niay be occult when the neurovasculx 
complication occm. Suspicion of specific pathogens should be guided by epidemiological fea- 
tures and individual risk factors. The possibility of infection with human immunodeficiency virus 
(HIV- l ) ,  VZV, or syphilis should be actively ascertained (see Table 4). Of particular interest, CNS 
vasculitis has indeed been described in patients infccted with hepatitis C virus (HCV) with or 
without clinical cryoglobulinemia or polyarteritis nodosa (55,56). Furthermore, the hcpatitis C 



Vasculkis of the Central Nervous System 521 

Table 4 

Condition Tredtmciit 

Conditions Associated with Secondary CNS Vasculitis and ‘Their Treatmcnt 

Infections 
Viruscs (HIV, cytomegalovirus, varicclla-zostcr, hepatitis C, 

Syphilis 
Neisseriu nzeningitidis and Neisseria gonorrhoeae 
B acterial endocarditi s 
Borrelia burgr1orjLv-i 
Bartonella 
Tuberculosis 
Fungi (A vpergilluLs, Histcrplusma, Coccidioides, 

chronic mucocutaneous candidiasis, others) 
Rickettsiae (Rocky Mountain spotted fever, typhus, others) 
NeLiro-cysticercosis 

Cocaine 
Heroin 
Amphetamines 
Ephedrine 
Pheny lpropanolamine 
Other sympathominietic drugb 

Lyruphoproliferative diseases 
Hodgkin’s lymphoma 
Non-Hodgkin’s lymphoma 
Angioimmunolymphoproliferative lesions (AIL) 

Systemic vasculitides 
Polyartcritis iiodosa 
Behqet’s syndrome 
Wegener’s granuloinatosis 
ChurgStrauss syndrome 
Others 

Connective tissue diseases 
Systemic lupus erythematosus 
Sjogren’s syndrome 
Rheumatoid arthritis 
Others 

others) 

Drugs 

Appropriate antimicrobial agent 
Adjunctive role of immunosuppressive 

therapy is unclear 

Withdrawal of the drug 
Calcium channel blockers arid limited 

course of steroids 
Cytotoxic dmgs in pathological cases 

Combination chemotherapy i irradia- 
tion 

Steroids t cytotoxic agents 

Steroids lr cytotoxic agents 

vinis was found in the cerebrospinal fluid of a patient with recurrent papillitis and vasculitis of 
the anterior spinal artery suggesting a potentially direct pathogenic role for HCV in CNS vas- 
culitis (57). Other organisms of interest include cysticerci. In a recent report from Mexico, an- 
giographic evidence of CNS vasculitis was found in 15 out of 28 patients with subarachnoid cys- 
ticercosis (53%); 12 of the 15 presented with a stroke syndrome (58). 

Evaluating patients with HLV inl‘ection for possible CNS vasculitis is particularly chal- 
lenging. An assay of CNS vascular diseases, both inflammatory and noninflamatory, have been 
associated with HIV infection. in a pathological analysis of the CNS from 100 cases of acquired 
irnmunodeficicncy syndronic (AIDS), pathological changes were detected in 87 cases (87%) 
(59). Encephalitis, leptomeningitis, and/or vasculitis were described in 35 cases (35%) and were 
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typically associatcd with vacuolar myelopathy and/or leukoencephalopathy. Opportunistic CNS 
infections, however, accounted for the majority of brain pathology (59 cases; 59%). Lymphopro- 
liferative diseasc was present in 10 cases (10%). Drug abuse may have contributed to CNS vas- 
culopathy in several cases. Of most interest, the coexistence of multiple pathological processes in 
the same brain was characteristic in this series. This illustrates the complexity of ascertaining the 
relationship between H IV infection and CNS vasculitis. 

The clinical outcome of infection-associated CNS vasculitis i s  variable even when appro- 
priate antimicrobial drugs are given. This reflects the diverse pathophysiological mechanisms in- 
volved including a direct cytopathic effect of an angioinvasive pathogen, injury to endothelial 
cells via induction of neoantigen formation or immune complex-mediated damage (60). Adjunc- 
tive antiinflammatory or immunosuppressive therapy may be beneficial in patients who do not re- 
spond to antimicrobial therapy, although such an approacli remains to be tested. 

A variety of drugs, particularly those with sympathomimetic properties, have been associated 
with a myriad of neurological complications, including cerebral infarcts, intracerebral bleeding, 
and subarachnoid hemorrhage. Most comnonly implicated drugs are oral and intravenous am- 
phetanlines, cocaine, heroin, ephedrine, and phenylpropanolamine (see Table 4). Of note, most 
reported cases of “drug-induced CNS vasculitis” have been diagnosed on the basis of  cerebral an- 
giography alone, in the absence of pathological confirmation (1,53). Since the implicated drugs 
arc capable of inducing vasospasm, some of the cases may have represented CNS angiopathy 
rather than true angiitis. Indeed. CNS vasculitis was absent in a series of 14 autopsy cases of co- 
caine-related cerebrovascular disease (61). In another series, cocaine administration induced 
dose-related cerebrovascular vasoconstriction on magnetic resonance angiograms mimicking the 
appearance of CNS angiitis (60). Ascertaining the relationship between a particular drug expo- 
sure and CNS vasculitis is further complicated by numerous other pitfalls (Table 5). Nonetheless, 
pathologically documented cases of drug-associated CNS vasculitis do exist, with findings rang- 
ing from perivascular cuffing to frank vasculitis with or without necrosis (63-65). 

Recognizing and withdrawing the offending drug is obviously the cornerstone of treatment. 
For drugs of abuse, the risk profile dictates the need to also rule out possible associated infections. 
When present, hypertension should be effectively controlled. For most angiographically defined 

Table 5 Pitfalls in the Approach to Drug-Associated CNS Vaseillitis 

Problems with definition of CNS vasculitis 
Diagnosis made on the basis of angiography alone 
Misinterpretation of pathological findings, i.e., false-positive results 

Exposure to multiple substances 
Contaminants or impurities in substances used 
Cocxisting infections, e.g., HIV, syphilis, tuberculosis, hepatitis B or C, endocarditis 
Other risk factors for CNS events, such as hypertension or trauma 

Vasospasrn due to pharmacological effect of the drug 
Malignant hypcrtcnsion 
Subarachnoid hemorrhage 
Cerebral emboli 
Vasculitis 

Confounding factors 

Alternative cxplanations for angiographic appearance 
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cases, we recommend the use of calcium channel blockers and a limited course of corticosteroids. 
The use of long-term steroid therapy andlor the addition of cytotoxic drugs should be reserved to 
pathologically documented cases of CNS arteritis. 

C. Lymphoproliferative Diseases 

Vasculitis of the CNS has been reported in association with Hodgkin’s lymphoma, non-Hodgkin’s 
lymphoma, and angioimmunolymphoproliferative lesions (AIL) (1). Of note, the anatomical lo- 
cation of the lymphoproliferativc disease may be outside or within the CNS. Although the clini- 
cal presentation is generally similar to that of PACNS, mass lesions, spinal cord involvement, and 
CNS hemorrhage should raise the index of suspicion for an underlying lymphoproljferative dis- 
ease (1,28). It is important to realize that a biopsy of the CNS lesion(s) and/or mass may only re- 
veal the angiitis without evidence of the malignancy itself. On the other hand, a lyniphocytic angi- 
itis may itself be the malignant lesion of A L ,  a diagnosis that can be established by detailed 
imrnunohistochemi stry, T-cell receptor ‘analysis, and B-cell immunoglobulin studies. Finally, one 
should also ascertain for concomitant infections, particularly with varicella zoster virus. 

Treatment is generally directed at the underlying lymphoproliferative disease, bc it within 
or outside the CNS. This generally consists of combination chemotherapy and/or irradiation. Fa- 
vorable neurological outcomes have been anecdotally reported (66,67). 

D. Systemic Vasculitides 

Vasculitis of the CNS may occur with any of the systemic vasculitides, but is most commonly rc- 
ported in polyarteritis nodosa (PAN), microscopic polyangiitis (MPA), Ueh~et’s disease, We- 
gener’s granulomatosis (WG), and Churg-Strauss syndrome (1 $8-72). Giant cell artcritis has 
been associated with cerebral amyloid angiopathy and, on rare occasions, granuloniatous CNS ar- 
teritis (4 1,7 1). The truc prevalence of CNS arteritis in systemic vasculitides is difficult to estimate 
since the diagnosis is most often presumed on clinical grounds when neurological events occur 
in the setting of systemic disease (i.e., angiographic and/or premortem). Pathological evidence of 
CNS vasculitis is rarely sought. Alternative explanations for CNS dysfunction should be consid- 
ered in patients with systemic vasculitis including infections (CNS and systemic), drug toxicities 
(e.g., steroid-induced CNS effects, cyclophosphamide-induced hyponatremia), metabolic factors 
(e.g., hypoxic or uremic encephalopathy), and accelerated hypertension (1) .  

Treatment of CNS disease is generally directcd at the underlying systemic vasculitis and 
generally consists of high-dose corticosteroids. The use of cytotoxic drugs, particularly cy- 
clophosphamide, appears necessary in MPA and WG as well as other systemic vasculitides that 
threaten life or risk permanent CNS damage (49). 

E. Connective Tissue Diseases 

Central nervous system involvement is not uncommon in connective tissue diseases, mainly sys- 
temic lupus erythematosus (SLE) and Sjogren’s syndrome (SS). In SLE, brain pathology most 
often represents a vasculopathy, with small-vessel hyalinization, thickening, intramural platelet 
deposition, and throinbus formation (73). Frank CNS vasculitis occurs in less than 7% of cases 
(73). When SLE patients present with CNS symptoms and signs, it is important to consider mech- 
anisms other than CNS vasculitis. Such mechanisms include antiphospholipid antibody-associ- 
ated thrombosis. cardiac emboli, thrombotic thrombocytopenic purpura, CNS hemorrhage re- 
lated to immune thrombocytopenia or acquired coagulation factor deficiency, CNS infections, 
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and side effects of medications. Treatment of CNS vasculitis in SLE generally consists of high- 
dose intravenous corticosteroids as well as cyclophosphamide in critically ill or progressively de- 
teriorating patients. 

In Sjbgren’s syndrome, CNS manifestations may be caused by a mononuclear inflamma- 
tory vasculopathy involving the small vessels of the cortex and meninges (74). Angiographic ab- 
normalities consistent with vasculitis are uncommonly seen. Treatment issues remain unresolved. 
We would recommend a similar therapeutic approach to patients with CNS disease secondary to 
SLE. 

VI. MISCELLANEOUS CONDITIONS 

A variety of other disorders arc capable of mimicking the clinical and/or angiographic picture of 
CNS vasculitis while others are associated with true CNS arteritis (see Table I )  ( 2 ) .  The an- 
tiphospholipid antibody (APIA) syndrome is of particular interest since it is clearly associated 
with CNS ischemic cvents related to thrombosis. In one study, 74% of patients with the APLA 
syndrome and ischemic cerebrovascular events had angiographic abnoimalities, the majority of 
which were arterial (75). The abnormalities were solely intracranial in 59%, solely extracranial 
in 3S%, and mixed in 6%. Of patients with intracranial abnormalities, 60% were solitary stem or 
branch occlusions of the cerebral or basilar arteries while 40% were “suggestive of’ vasculitis. 
This is potentially misleading since the occurrence of true histological vasculitis in the APLA 
syndrome is distinctly unusual. Treatment consists of anticoagulation rather than immunosup- 
pression. 

Radiation and, in particular, excessive irradiation have been associated with CNS vasculi- 
tis (76). In one series, in four of eight patients who received exccssive irradiation due to a mal- 
functioning linear electron accelerator, myelopathy due to an obliterative vasculitis was present 
in all four autopsies performed (76). Of note, MRI of the spine was normal in the acute phase of 
spinal cord injury in all patients. In a rat pial window model, single high doses or radiation caused 
an increase in leukocyte/endothelial cell interactions and a decrease or loss of arteriolar flow in 
the cerebral vasculature, perhaps explaining the radiation vasculitis described in humans (77). 

Additional conditions recently reported in association with CNS vasculitis include cerebral 
amyloid angiopathy (78), Goodpasture’s syndrome (79). IgA deficiency (80), and inflammatory 
bowel disease (81). 
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The skin is an organ that is well supplied with vasculature and frequently develops manifestations 
of vasculitis. Often, the skin may be the initial organ affected and, at times, may seem to be the 
only orgCm affected (1-3). However, except in some rare disorders, the skin is reflective of a sys- 
temic process. The vessels that are affected in the skin are most often small vessels, frequently 
the postcapillary venule, but vessels of larger size may also be affected. The s i a  of the afrected 
vessel correlates at least in part with the syndrome that affects the patient. 

II. ~ ~ F I N I ~ I O N  

Leukocytoclastic vasculitis (LCV) is a term that refers to the changes observed on light micro- 
scopic examination of a biopsy specimen. The features observed include infiltration of the vessel 
wall by polymorphonuclear neutrophils, deposition of fibrin (fbrinoid necrosis of the vessel 
wall), tibrin thrombi within the vessels, and disruption of the neutrophils with the presence of nu- 
clear dust in the surrounding tissue (leukocytoclasis). The pathological process is not specific and 
may be observed in nonvasculitic conditions, including neutrophilic dermatoses such as acute 
febrile neutrophilic dermatosis (Sweet’s syndrome), Behqet’s disease, pyoderma gangrenosum, 
and even insect bites. As lesions age, the histopathological featurcs change from a neutrophil-rich 
infiltrate to a lymphocyte-rich process (4). Thus, timing of the biopsy is critical in order to ap- 
propriately diagnose the process. 

111. CLASSlFlC 

The purpose of any system of classification is to be able to predict the prognosis of the patient. 
From this prediction, the need and aggressiveness of therapy can be assessed. Unfortunately, there 
is no existing system that functions adequately. The classification of vasculitis is controversial. 
Zeek (5) suggested a scheme in 1950 that bases its subclasses on size of vessel involved vs. type 
of intillrate vs. associated conditions. In 1976, Gilliain and Siniley (6) proposed a revision of this 
classification scheme by subdividing Zeek’s existing categories. Recently, Lotti et al. (2) pro- 
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posed that vasculitis be classified as either a small-vessel cutaneous vasculitis or as a largc-ves- 
sel necrotizing vasculitis. The small-vessel category may be subdivided into some of the follow- 
ing: idiopathic hypersensitivity vasculitis, Hcnoch-Schonlein purpura, essential mixed cryoglob- 
ulinemia, Waldenstrom’s macroglobulinemia, urticaria1 vasculitis, vasculitis associated with 
collagen vascular diseases such as lupus erythematosus or rheumatoid arthritis, and erythema el- 
evahim diutinum. The large-vessel category may be divided into polyarteritis nodosa, granulo- 
matous vasculitis (Wegener’s granulomatosis, allergic granulomatosis of Churg-Strauss), vas- 
culitis associated with collagen vascular diseases, and giant cell arteritis. Unfortunately, this 
proposed system is also probleinatic because it is well recognized that when vasculitis affects the 
skin in patients with Wegcner’s granulomatosis, the vessels involved are usually small. Thus, in 
the patient who presents with palpable purpura and a biopsy that confirms LCV, the differential 
diagnosis involves syndromes that may be within cither category. Other systenis that have re- 
cently been proposed by the American College of Rheumatology (ACR) (7) and the Chapel Hill 
Consensus Conlerence (8) also have inherent problems. 

US LESIONS OF VASCULITI~ 

S a m  et al. (9) recognized that the lesions of vasculitis are dynamic. Clinically the lesions are 
oftcn polymorphic, yet at some stage the classic lesions become purpuric and palpable. This dy- 
namic nature of the lesions clinically is also reflected histologically by a shift in the character of 
the infiltrate as documented by Zax et al. (4). In the early stage of development, the clinical le- 
sions may be urticarial or macular purpura. Later in the process, there may be blistering, necro- 
sis, or ulceration. These types of lesions most often reflect involvement of the small vessels, most 
often the postcapillary venulc. When the larger dermal vessels arc involved, the cutaneous inani- 
lestation is more likely to be livedo reticularis or nodule formation, and ulceration and necrosis 
are probably more frequent in thesc patients than in those with small-vessel involvement. 

The characteristic cutaneous lesion observed in patients with leukocytoclastic vasculitis is 
palpahlc purpura (Fig. 1). This lesion varies from bright red to purple. The lesions have an in- 

! 

Figure 1 Palpable purpura of hyperscnsitivily vasculitis. 
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flamatory component and thus are papular, as opposed to lesions of thrombocytopenia or cap- 
illaritis, which are macular. The lesions vary in size from less than a millinieter to several cen- 
timeters. The lesions more frequently occur on the dependent surfaces, but may occur anywhere 
on the body. As the lesions resolve, a residual purpura may be present, but unless ulccration or 
necrosis occurs, the lesions resolve without scar formation. Piette and Stone (10) have observed 
that careful analysis of the shape of the purpuric lesions will aid in the differential diagnosis. They 
have suggested that when there are angulated lesions, so-called retiform purpura, the process is 
more likely to involve immunoglobulin A (IgA) in its pathogenesis. The lcsions of palpable pur- 
pura are those that occur in patients with hypersensitivity vasculitis, I-Ienoch-Schonlein purpura, 
or essential mixed cryoglobulinenlia. However, similar lesions may occur in patients with em- 
bolic phenomena (such as bactei-ial endocarditis, left atrial myxoma, or atheromatous emboli) or 
other neutrophilic dermatoses. 

Urticarial lesions (Fig. 2) may be a manifestation of leukocytoclastic vasculitis, and the 
term urticaria1 vasculitis (UV) is commonly used (1 1). The patient with this typc of lesion gener- 
ally has chronic disease. The lesions differ from those observed in “routine” urticaria. They tend 
to be more long-lasting; often individual lesions are present for over 24 h, whereas in routine ur- 
ticaria the lesions are transient usually resolving within 2 to 4 h. Urticarial vasculitis lesions also 
tend to resolve with residual echymosis or dyspigmentation as opposed to routine urticaria in  
which there is no residual. Patients with UV often complain of burning or pain, rather than pni- 
ritus. Patients with UV often have accompanying systemic disease, in particular systemic lupus 
erythematosus (12). Patients with UV also can be subdivided into those with hypocomplementia 
and those with normal complement levels. Hypocomplementemic UV is quite rare, and is often 
complicated by chronic obstructivc pulmonary disease (1 3). There is a middle ground between 
UV and routine urticaria, which Winkelmann et al. (14) termed neutrophilic urticaria (NU). More 
persistent lesions characterize NU, but systeniic iiwolvement is not present, and although there 
arc neulrophils in and around the vessel walls, they do not cause disruption of the vessels. These 
patients also have a chronic course. 

Figure 2 Urticarial lesions of vasculitis. These lesions lasted for over 24 h. 



532 Callen 

V. WHEN THE DIAGNOSIS OF LCV IS MADE, 
WHAT IS THE DIFFERENTIAL DIAGNOSIS? 

Palpable purpura is the hallmark of cutaneous vasculitis; however, thc purpura may not always be 
clearly palpable. Purpura may also occur as a manifestation of capillaritis, a process of mild in- 
flammation that is rarely associated with internal disorders and does not have associated systemic 
involvement. Generally, the physical examination and histological evaluation will scparatc these 
patients. Purpura may occur with noniiiflanimatory vasculopathy including cryoglobulinemia, 
antiphospholipid antibody syndrome, or other paraproteins. Cryoglobulinemia may cause both 
inflammatory and noninflammatory lesions. The clinical lesions may be difficult to separate, but 
the histopathology will reveal a proteinaceous material within the vessel lumen. Emboli from a 
left atrial myxoma, bacterial or fungal endocarditis, athcromatous plaques, or the valvular vcgc- 
tations of patients with the antiphospholipid antibody syndrome may result in lesions that siinu- 
late cutaneous vasculitis. Often, these phenomena may be suggested by the presence of symp- 
toms. In addition to palpablc purpura, the patients often have reticulated lesions or may have 
ischemic changes o f  one or more digits (e.g., a blue toe). Calciphylaxis due to calcium imbalance, 
most often occurring in patients with renal failure, may present with purpura, but livedo reticu- 
laris with or without necrosis is more common, 

Leg ulceration is commonly associated with involvement of the cutaneous vasculature. Leg 
ulceration may occur with palpablc purpura and/or livcdo reticularis or may be an isolated find- 
ing. The patient with purpura or livedo reticularis may have noninflammatory involveinent simi- 
lar to that listed above. Isolated leg ulceration may occur in pyodcrma gangrenosum. Biopsy of 
lesions of pyoderma gangrenosum characteristically lack vessel wall damage; however, some 
vessel involvement may be present in almost any ulceration regardless of its cause. 

Urticaria1 vasculitis must be differentiated from rouline urticaria, erythema multiforme, and 
insect bites. Clinical examination and historical information are useful, but often a biopsy is 
necessary. The clinician should communicate with the pathologist and let the pathologist know 
how strongly vasculitis is being considered, because it  appears to me that pathologisls often 
overread biopsies sent to them with the clinical impression “urticaria1 vasculitis or rule-out ur- 
ticarial vasculitis.” These suggestions often lead to an interpretation that results in the prediction 
of a poor prognosis, when in fact the patient has chronic urticaria and has no evidence of internal 
disease. 

VI. HYPERSENSITIVITY VASCULITIS 

The concept of a separate entity, known as hypersensitivity vasculitis (HSV), dates back to the 
work of Zeek (5). This concept was furthered by the classification system dcvelopcd by the Amer- 
ican College of Rheumzittology (7). Many of these patients develop their disease shortly after the 
administration or ingestion of a drug or other foreign antigen. Almost any drug can cause a small- 
vessel vasculitis (HSV), but the more common ones are antibiotics, nonsteroidal ant i inf lma-  
tory agents, dmretics, and anticonvulsants. Recently, several cases of HSV have bcen reported 
with antithyroid drugs, in particular propylthiouracil. These patients are frequently pennuclear 
antineutrophil cytoplasmic antibody (pANCA)-positive ( 1  5). In addition to drugs, foods and food 
additives may in some individuals be responsible for the reaction (16). Unfortunately, there are 
patients with small-vessel vasculitis that is not associated with any other condition, in which 
the causative agent cannot be determined. In addition, small-vessel vasculitis may be part of 
the process of other vasculitides, such as Wegener’s granulomatosis, Henoch-Schonlein purpura, 
and other processes listed below as associated condit+ons. It therefore is often difficult, if not 
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impossible, to clearly classify a patient as having HSV without a clear, identifiable causative 
agent. 

Many patients with HSV manifest disease primarily in their skin and do not have identifi- 
able internal organ involvement ( 17). However, there are individuals who will manifest intemal 
involvement similar to Hcnoch-Schonlein purpura, with nephritis, arthritis, and bowel disease. 
Thus, all patients suspected of having HSV should have a careful assessment to exclude other vas- 
culitic syndromes and to document the absence of internal organ involvement. 

Hypersensitivity vasculitis is generally manifest by the appearance of palpable purpura, 
most commonly on the lower extremities below the knees. The disease is usually symmetrically 
distributed, and may be exacerbated by prolonged dependence of the legs. In patients who are 
bedridden, the disease frequently is manifest on the back or buttocks. Lesions can be present on 
any surface, including the mucous membranes. Patients are most often asymptomatic, but occa- 
sionally may complain of itching, burning, or pain. The purpuric lesions are usually discrete 
round papules. Piette and Stone (10) have suggested that the presence of a retiform pattern is pre- 
dictive of IgA-induced small-vessel vasculitis. Others have not confirmed this obseiliation. 

The course of HSV is highly variable. The disease duration may range from several days to 
a year. In patients in whom the cause is identified and removed, the duration of the process is usu- 
ally less than amonth. When systemic involvement is identified, the course is more prolonged and 
deaths have been reported. 

OCH-SCHONLEIN PURPURA 

Schiinlein first described a syndrome manifest by acute purpura and arthritis in 1837. In 1874, 
Henoch noted a similar syndrome that included nephritis and colicky abdominal pain. Subse- 
quently, this syndrome has become known as Henoch-Schonlein purpura (HSP) (18). Zeek ( 5 )  
did not separate this syndrome from HSV, while Gilliam and Smiley (6) included it within thc cat- 
egory of hypersensitivity vasculitis, and the ACR (7) listed it as a distinct entity. 

Henoch-Schonlein purpura was initially described in children, but there are adults who 
have identical features (19). The syndrome includes purpura, nephritis, arthritis, and gastroin- 
testinal involvement, The disease is usually acute in its onset and often follows an upper respira- 
tory lract infeclion, particularly ones caused by Streptococcus. Children are more frequently af- 
fected than adults, and the disease is more common in males. The incidence in the populalion of 
2- to 14-year-olds has been estimated to be 14 per 100,000 per year. Also there appears to be a 
seasonal variation, with more cases appearing during the winter months. 

Skin lesions are one of the defining features of HSP. The rash may begin as a macular ery- 
thema or urticaria-like lesions, but within a short time period, the eruption becomes purpuric. The 
lower extremities and buttocks are the most common sites of involvement. Most often the purpura 
i s  present at the onset of the process, but in some patients, abdominal pain, arthritis, or both have 
preceded the eruption. Other vasculitic syndromes, meningococcemia, and Rocky Mountain 
spotted fever should be considered in the differential diagnosis. 

A cietailcd description of HSP has been provided in  Chapter 22. Therefore the noncuta- 
neous features will only be briefly mentioned at this juncture. The most common features and 
their frequency of occurrence are arthralgias and/or arthritis in 60-90%, gastrointestinal abnor- 
malities in about SO-70%, and glomerulonephritis in 20-100% of patients. 

Henoch-Schonlein purpura is associated with IgA immune complexes. However, its diag- 
nosis is not dependent upon the demonstration of TgA in the vessels or kidneys. The ACR classi- 
fication basically differentiated HSP from HSV mainly upon the age of the patient (8). 
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US SMALL-VESSEL VASCULITIS 
IFESTATION OF ANOTHER PROCESS 

A small-vessel vasculitis with features identical to HSV may occur in relationship to a variety of 
other processes. The clinical manifestations are identical to HSV, and thus most patients with pal- 
pable purpura will need to be assessed to be certain that they do not have one of these associa- 
tions. 

Paruneoplustic vasculitis is the term used when there is clear documentation that a iieo- 
plasm has caused the proccss (20). Small-vessel cutaneous vasculitis has been reported with lym- 
phoproliferative disorders as well as some solid tumors. Often, lhe vasculitis has been the clini- 
cal manifestation that led to the discovery of the neoplasm. The frequency of neoplasm in patients 
with vasculitis is quite low, representing less than 1% of idcntitied etiologies. Associated neo- 
plasms are often lymphoproliferative. 

Vasculitides of small and medium-sized vessels, such as Wegener’s granuloinatosis and 
Churg-Strauss syndrome, can affect the skin and produce palpable purpura, which is character- 
ized by a leukocytociastic vasculitis histopathologically (21). Therefore, in patients who present 
with small-vessel vasculitis, one must still consider the possibility that it is a manifestation of a 
more sevcrc syndrome. 

Systemic autoimmune disorders, particularly lupus erythematosus, rheumatoid arthritis, 
and Sjiigren’s syndrome may be associaled with a vasculitis. At times, the vasculitis is a small- 
vessel vasculitis, although these conditions may also be associated with larger-vessel involvement 
(see Chapter 44). 

Puruproteinernicl may be associated with vasculitis. Hepatitis C viral infection is often as- 
sociated with essential nixed cryoglobulinemia. These patients may present with palpable pur- 
pura or with macular purpura. Many of the patients with palpable purpura will have leukocyto- 
clastic vasculitis on biopsy, while some will have proteinaceous intraluminal plugging. The 
course of the vasculitis may parallel that ofthe hepatitis. Some studies have demonstrated that the 
level of cryoglobulinemia decreases with interferon therapy (22), and in addition, some patients 
treated with ribavirin have achieved control of their cutaneous disease (23). The prevalence of 
hepatitis C in patients with small-vessel vasculitis may be as high as 20% (24), and thus this sim- 
ple serological test has become part of the routine evaluation of patients who do not have a read- 
ily identifiable cause for their disease. 

In addition to hepatitis C-associated cryoglobulinenlia, other paraproteinemias may be as- 
sociated with small-vessel cutaneous vasculitis. Hyperglobulinemic purpura was described by 
Waldenstrom in 1943, and consisted of recurrent bouts of‘ purpura, hyperglobulinemia, mild ane- 
mia, and an elevated sedimentation rate (25). This entity may be a primary process or may be part 
of another syndrome, particiilarly systemic lupus eiythematosus, Sjiigren’s syndrome, rhcurna- 
toid arthritis, thymoma, thyroiditis, sarcoidosis, or myeloma. The histopathology of this syn- 
drome may be a leukocytoclastic vasculitis or a mononuclear perivascular infiltrate with or with- 
out proteinaceous plugging. 

Schnitzler et al. described a syndrome characterized by chronic urticaria, fever, an elevated 
sedimentation rate, a monoclonal IgM paraprotein (usually kappa), and urinary Bence Jones pro- 
tein (26). These patients may also have bone pain and anemia. The histopathology reveals a leuko- 
cytocl astic vasculiti s. 

Disorders ussociuted with immune complexes, such as inflammatory bowel disease, sar- 
coidosis, cystic fibrosis, deficiency of the second component of complement, or collagen VdSCU- 

lar diseases, may have an accompanying small-vessel vasculitis. 
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IX. URTlCARlAL VASCULITIS 

Urticaria1 vasculitis is characterized clinically by persistent chronic urticarial lesions that often 
last for more than 24 hand histopathologically by leukocytoclastic vasculitis. McDuffie et al. (27) 
were the first to describe hypocomplementemic urticarial vasculitis in four patients. The patients 
had recurrent attacks of erythematous urticarial and hemorrhagic skin lesions with synovitis. 
Some of the episodes were accompanied by abdominal pain, and two of the patients had glomeru- 
lonephritis. Later, Wisnieski et al. ( 1  3) recognized that there was a high prevalence of chronic ob- 
structive pulmonary disease among this group of patients. They were able to study only 18 pa- 
tients among multiple medical centers. In a recent report from the Mayo Clinic, Davis et al. ( I  2) 
studied 132 patients with urticarial vasculitis, of whom 24 (1 8%) had hypocomplementemia. 
Only four of their patients had pulmonary disease. They found a high prevalence of systemic 
lupus erythematosus in their group (54%). 

X. ERYTHEMA ELEVATUM DlUTlNUM 

Erythema elevatum diutinum is an unusual form of cutaneous vasculitis characterized by persis- 
tent erythematous, violaceous, and/or yellow papules, plaques or nodules (28). The lesions tend 
to occur over bony prominences, are most often on acral or extensor skin surfaccs, and arc usu- 
ally symmetrical. Some of these patients will have arthralgias, but other systeinic manifestations 
are absent. Some patients have an JgA paraprotcin. Patients with this entity are said to respond 
well to dapsone. 

XI. PATHOGENESIS OF CUTANEOUS VASCULITIS 

The pathogenesis of cutaneous vasculitis is more complex than previously suspected. In the mid 
1970s it was postulated that the main factor involved was immune complex formation and depo- 
sition (9). Diff‘erent endothelial cell adhesion molecules, including ICAM-1 and -3, VCAM-I, E- 
selectin, and P-selectin play key roles (2). In addition, inflammatory mediators, neuropeptidcs, T 
cells, Langerhans’ cells and the frbrinoIytic system are all involved in the expression of the dis- 
case (29). A full discussion of the proposed mechanisms is beyond the scope of this chapter (see 
Chapters 1-9). 

XII. EVALUATION OF THE PATIENT WITH CUTANEOUS VASCULITIS 

The purpose of the evaluation of the patient with cutaneous vasculitis is to identify a cause of the 
process and assess the presence and severity of systemic involvement. ‘l’he evaluation begins with 
a careful history and physical examination, followed by selected testing based upon the acuteness 
of the process and the findings of the history and physical examination. Blanco et al. (30) have 
recently proposed an algorithm for evaluation. Their recommended work-up differs for children 
by not requiring a skin biopsy for “humanitarian” reasons. In adults, they recoinmend a skin 
biopsy. For children, the evaluation includes a blood count, sedimentation rate, urinalysis, stool 
hematest, and biochemistry profile. For adults, they suggest that additional testing include anti- 
nuclear antibodies, antineutropllil cytoplasmic antibody, chest x-ray, rheumatoid factor, cryo- 
globulins, complement levels, hepatitis B surface antigen, and hepatitis C antibody. Subsequent 
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evaluation is directed by additional findings. In children with frequent relapses, suspicion of col- 
lagen vascular disease, severe vasculitic syndromes, or hepatic involvement, evaluations should 
be the same as recommended for adults. Adults with pcrsistcnt fever, abnormal blood smears, risk 
for HIV infection or severe vasculitis should have cultures, echocardiography, hematological 
evaluation, human immunodeficiency virus (HIV) testing, and when clinically appropriate, vis- 
ceral angiography andor biopsy of involved organs. 

XIII. MANAGEMENT OF CUTANEOUS VASCULITIS 

Therapy of cutaneous vasculitis depends on whether or not there is clinical or laboratory evidence 
of internal involvement, the severity of cutaneous disease, and the severity of the systemic dis- 
ease. Patients with severe systemic necrotizing vasculitis, Wegener’s granulomatosis, or poly- 
arteritis nodosa are generally treated with moderate lo high doses of systemic corticosteroids 
often with addition of a cytotoxic immunosuppressive agent. 

Patients with acute cutaneous vasculitis in whom there is an identifiable causc, such as a 
drug, are treated symptomatically in addition to removing the presumed causative agent. Sinii- 
larly, patients with Henoch-Schonlein purpura usually have self-limiting disease and are often 
not given specific treatment. Symptomatic measures include rest, elevation, gradient support 
stockings, and antihistamines. 

The challenge is to treat the patient who has chronic cutaneous vasculitis in whom there is 
no easily identified cause and who does not have significant systemic involvement. There is often 
a question regarding the need for therapy, since these patients do not have life-threatening dis- 
ease. However, many of the patients have disease that alters their ability to function nornially. Pa- 
tients may develop small ulcerations that can become secondarily infected or may be painful. Pa- 
tients may not leave their homes because of psychic distress that the presence of purpura causes. 
Last, patients with urticaria1 vasculitis complain of itching and burning of their lesions that may 
result in sleep disturbance. 

Antihistamines have often been suggested as a first line of therapy, based on the observa- 
tion that histamine may potentiate the deposition of immune complexes in the vessel walls. Pa- 
tients with palpable purpura rarely benefit from these agents; however, they are the cornerstone 
of therapy for patients with urticarial vasculitis. I prefer a nonsedating agent in the morning such 
as loratidine (Claritin) combined with a sedating antihistamine prior to bed such as hydroxizine 
or doxepin. I will advance the dosage of the evening agent to the maximum tolerated by the pa- 
tient. 

Nonsteroidal antiinflammatory agents have bcen reported to be beneficial in some patients 
with vasculitis. Urticarial vasculitis is a subset that may respond to agents such as indomethaciii 
or ibuprofen (12). As yet, there is no information regarding thc newer Cox-2 inhibitors. 

Pentoxifylline (Trental) has been reported to be uscful in sonit3 patients. In particular, those 
patients with evidence of an occlusive vasculopathy, such as livedo vasculitis, may respond. 

Dapsone has received some recent attention. It is indicated for the therapy of dermatitis her- 
petiformis and leprosy. Dermatitis herpetiformis is charactcrized by a neutrophilic papillitis, and 
the effect of dapsone is presumably mediated through its effect on the neutrophil. Dapsone is the 
agent of choice in the rare syndrome of erythema elevatum diutinuin (28). In selected patients 
with cutaneous small-vessel vasculitis, it has been effective in the control of the palpable purpura 
in doses of 100-200 mg/day. Dapsone may be used with other agents such as pentoxifyllinc or 
colchicine (3 1). 

Colchicine has bcen reported to be effective in open-label trials for culaneous vasculitis as 
manifest by palpable purpura or urticarial lesions (32) .  Its effects in vasculitis may be related to 
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a blockade of disease expression. Colchicine inhibits leukocyte cheinotaxis, blocks the release of 
lysosomal enzymes, inhibits DNA synthesis and cell proliferation, and may inhibit prosta- 
glandins. Of the inore than SO patients that I have treated, colchicine has been effective in about 
35, not evaluable in 5 ,  and ineffective in the remaining patients, The only double-blind placebo- 
controlled trial of colchicine failed to demonstrate a positive benefit; however, the colchicine- 
treated group included all of the patients who had been previously treated with dapsone and had 
failed to respond (33). In addition, there were equal numbers of patients with hepatitis C-associ- 
ated disease in each group. Thus, the study population included patients with more recalcitrant 
disease and there w inadvertent bias that occurred during the process of randomization. I 
continue to utilize colchicine in patients with non-life-threatening disease, beginning with a dose 
of 0.6 mg twice daily. Effectiveness may be judged within the first 7-1 4 days of therapy, and if 
no effect is noted, the therapy may be stopped or dapsone may be added. Long-term therapy is 
possible without serious toxicity in many patients. In addition to its effect on the skin manifesta- 
tions, colchicine has been observed lo benefit the joint manifestations also. A study of a small 
number o f  patients failed to demonstrate any change in the presence of immune complexes fol- 
lowing colchicine therapy, suggesting that the mechanism by which it works may be other than 
by effects on immune complexes. Patients should be monitored with periodic blood counts dur- 
ing long-term therapy. Colchicine probably should not be utilized during pregnancy. 

Systemic corticosteroids are effective for leukocytoclastic vasculitis; however, for patients 
with chronic disease that is localized primarily to the skin, their use should be discouraged and 
avoided whenever possible. Therefore, I will often utilize a cytotoxic immunosuppressive agent 
to limit the dosage or eliminate the use of the corticosteroids. Agents such as azathioprine or 
methotrexate may be utilized in low doses with limited toxicity. Both have been reported to be 
useful in small open-label case series (34). Other agents such as cyclophosphamide, chlorambu- 
cil, or cyclosporin, while they may be useful in systemic vasculitides, have too narrow of a ratio 
of benefit to toxicity for routine use for patients with cutaneous vasculitis. 
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1. INTRODUCTION 

Thrornboangiitis oblitcrans (TAO), or Buerger’s disease, is an inflammatory vascular disease af- 
fecting small and medium-sized arteries and veins. While Buerger’s disease is in the strict sense 
of the word a vasculitis, it differs pathologically from the most common forms of vasculitis be- 
cause there is a highly inflammatory thrombus present in the vessel lumen with relatively little in- 
flammation in the vessel wall and the absence of fibrinoid necrosis (1). In addition, autoantibody 
formation and serological markers of inflammation are absent. 

Von Winiwater (2) was the first to describe a patient with thromboangiitis obliterans in 
1879. He reported on the pathological findings of a 57-year-old male with a 12-year history of 
foot pain resulting in gangrene and ultimate amputation. Von Winiwater suggested that the en- 
darteritis and endophlebitis present in the amputated specimen were distinct from atherosclcro- 
sis. In 1908, Buerger (3) provided the frrst detailed and accurate description of the pathology of 
I I amputated limbs and based upon his pathological examination called this disease “throm- 
boangiitis obliterans,” which later became more commonly known as Bucrger’s disease. He em- 
phasized that TAO was a distinct clinical pathological entity from atherosclerosis. In 1928, 200 
cases of thromboangiitis obliterans were reported from the Mayo Clinic (4). Most of these pa- 
tients were Jewish and heavy cigarette smokers. They developed foot claudication and trophic 
changes. The pathology was identical to that in Ruerger’s original report. 

II. EPIDEMIOLOGY 

Buerger’s disease is most prevalent in the Middle, Near and Far East (5,6). It has been reported 
less commonly in the United States and Europe, possibly due to the adoption of strict diagnostic 
criteria and a lower prevalence rate of cigarette smoking. There has been a steady decline in the 
prevalence of Buel-ger’s disease at the Mayo Clinic from 104 per 100,000 patient registrations in 
1947 to 12.6 per 100,000 patient registrations in 1986 (6,7). The proportion of patients from west- 
ern European countries with peripheral arterial disease who have TAO has been reported to be as 
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low as 055 .6%.  These figures stand in dramatic comparison with those from certain other cul- 
tures and geographical locations. For example, the proportion of cases of peripheral arterial dis- 
ease due to TAO in India is 45-63721; in Israel (Ashkenazim), 80%; and in Korea and Japan, 
16-66%. The Buerger’s Disease Research Committee of the Ministry, Health and Welfare of 
Japan (8) estimated the incidence of TAO to be 5 per 100,000. In 1986, the Epidemiology of ln- 
tractable Disease Research Committee of the Ministry of Health and Welfare of Japan estimated 
that more than 8000 patients with the disease were being treated at various medical centers (9). 
According to unofficial estimates, there are 60,000-80,000 patients with Buerger’s disease in 
China (10). 

A. Buerger’s Disease in Women 
Prior to thc mid-l980s, Buergcr’s disease was predominantly encountered in men. In 1987, Lie 
(7) reported 12 female patients evaluated at the Mayo Clinic. This represented I 1 o/c of their en- 
tire series from 1981 to 1985. We have demonstrated that 26 (23%) of 112 patients with throin- 
boangiitis obliterans from 1970 to 1987 at the Cleveland Clinic were women (1 1). In a inore re- 
cent series, an additional 40 patients with Buerger’s disease were studied from 1988 to 1996 at 
our institution and 30% were womcn (12). In a study from the University of Oregon, 19% of 26 
patients were female. It is unknown why the prevalence of Buerger’s disease in women is in- 
creasing (13). It may possibly be related to the increascd number of women smokers. However, 
despite an increased prevalence of smoking in women, the prevalence of female Buerger’s dis- 
ease remains low in Japan and Hong Kong (10,14,15). 

111. ETIOLOGY AND PATHOGENESIS 

The etiology of thromboangiitis obliterans is unknown. Using strict pathological criteria, throni- 
boangiitis obliterans is a vasculitis (5) .  However, i t  differs from the inore commonly encountered 
forms of vasculitis in that the thrombus in TAO is highly cellular with considerably less inflam- 
inatory cell infiltration in the wall of the blood vessel. In addition, markers of inflammation such 
as Westergren sedimentation rate and C-reactive protein. and autoantibody formation (antinuclear 
antibody, rheumatoid factor, complement, circulating immune complexes, etc.) are usually nor- 
mal or absent. 

There arc several factors that have been implicated in the etiology of Buerger’s disease. 

Heavy tobacco use clearly plays a major role in disease initiation and progression (1 1,16). There 
has never been a well-described case of Buerger’s disease in a patient who did not use lobacco in 
some form. While most patients are heavy cigauette smokers, there have been 
Buerger’s disease in users of smokeless tobacco or snuff (17-19). Thromboan 
more common in patients from countries where the consumption of tobacco is great. In India, the 
prevalence of TAO is much higher in individuals of a low socioeconomic class who smoke bidis 
(homemade cigarettes with raw tobacco) compared with others in the population (20,23). 

It is not known if cigarette smoking is causative or contributory to the development of 
Buerger’s disease. Tobacco use is strongly related to the activity of the disease. Progression, con- 
tinued symptoms, and eventual amputation are closely associated with continued tobacco use 
(1 I). There has not been a case of TAO reported in patients exposed to high quantities of envi- 
roiimental tobacco smoke; however, most investigators believe that passive smoking (secondary 
smoke) may be important in the continuation of symptoms in patients during the acute phase of 
their illness. 

While most investigators believe that tobacco is the most important factor in the develop- 
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ment of thromboangiitis obliterans, only a small number of smokers worldwide eventually de- 
velop TAO. Therefore, other etiological factors may play a permissive or adjunctive role in the 
development of TAO. 

B. Genetics 

While there may be a genetic predisposition to the development of TAO, no gene to date has been 
identified. There is also no consistent pattern of human leukocyte antigen (HLA) haplotypes in 
patients with Buerger’s disease. The HLA haplotypes appear to be more closely associated with 
country ol‘ origin than presence or absence of TAO (13,16,22-25). 

C. Hyperc~agulability and Endotheliai Function 

The presence of hypercoagulable abnormalities is also quite variable among patients with 
Buerger’s disease (26-29). Some investigators (29) have demonstrated increased levels of uroki- 
nase-plasminogen activator and decreased levels of free plasminogcn activator 1 inhibitor in pa- 
tients with thromboangiitis obliterans compared with normal healthy controls. Increased platelet 
response to serotonin has also been demonstrated in Buerger’s disease (30). Other investigators 
have failed to identify clotting abnormalities in these patients. 

There have been several studies demonstrating endothelial cell derangement in TAO 
(31,32). Eilchorn et al. (31) have studied seven patients with active Buerger’s disease who had 
antiendothelial cell antibodies (AECAs) in titers of 1857 t 450 arbitrary units (AU) compared 
with titers of 126 2 15 AU in 30 normal control subjects ( p  4.001) and 461 Itr: 41 AU in 21 TAO 
patients in remission ( p  < 0.01). Antibodies reacted with both surface epitopes and cytoplasmic 
antigens of human endothclial cells. If these results can be reproduced, antiendothelial cell anti- 
body titers may be useful in following disease activity in patients with Buerger’s disease. 

Impairmcnl in endotheliurn-dependent vasorelaxation has also been demonstrated in pa- 
tients with Buerger’s disease (32). Forearm blood flow (FBF) was measured by plethysmography 
in the nondiseased limb of patients with active Buerger’s disease after the infusion of acetyl- 
choline (an endothclium-dependent vasodilator), sodium nitroprusside (an endothelium-indc- 
pendent vasodilator) and occlusion-induced reactive hyperemia. Patients with active TAO had a 
smaller incrcase in FBF cornpared with healthy controls (14.1 1. 2.8 mVnlin/dL of tissue volume 
vs. 22.9 Itr: 2.9 ml/min/dL, p ~ 0 . 0  I ) .  There was no significant increase in FBF response to sodium 
nitroprusside and no significant difference between the two groups after reactive hyperemia. 
Thcse data strong1 y suggest that endothelium-dependent vasodilatation is impaired even in the 
nondiseased limb of patients with active TAO. 

D. Immunological Markers 

Adar el al. (33) demonstrated increased cellular sensitivity to Type I and Type I11 collagen (nor- 
mal constituents of human arteries) in patients with TAO compared with patients with arte- 
riosclerosis obliterans or healthy male controls. They also found low but significant levels of an- 
ticollagen antibody in 7 of 39 serum samples from patients with TAO, whereas this antibody was 
not detected in the control group of patients. Some investigators have detected circulating im- 
mune complexes in the peripheral arteries of some patients with TAO (20,3636). 

No single abnormality, linked to etiological mechanisms, has becn identified in all patients 
with TAO. It i s  clear that tobacco plays a central role both in the initiation and continuance of the 
disease. Other etiological factors, as discussed above, may play an important synergistic role with 
tobacco to initiatc the disease. 
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IV. GY 

The histopalhology of the involved blood vessels in Bucrger’s disease varies according to the 
chronological age of the lesion. In TAO, there is an inflammatory thrombus that affects both the 
artery and the veins. The histopathology is most likely to be diagnostic in the acute phase of 
the disease. In thc subacute (intermediate) phase the pathology is suggestive, and in the chronic or 
end-stage phase all that remains is organized thrombus and fibrosis of the blood vessels. The end- 
stagc lesion is nondescript and can be found in many different types of vascular disease (5,3741). 
The histological distinction between Buerger’s disease and atherosclerosis is clear-cut and the dif- 
ferentiation can be made with a high degree of accuracy (37). It should also be emphasized that the 
small blood vessels in the hand and foot are not usually affected by atherosclerosis. 

In the acute phase, there is inflammation involving the walls of the blood vcssels. This is 
especially prominent in the veins, and is associatcd with an occlusive highly cellular inflamma- 
tory thrombus. In the periphery of the thrombus, one may encounter polymorphonuclear leuko- 
cytes with karyonhexis, the so-called microabscess, and one or more multinucleated giant cells 
may bc present (Fig. 1). ‘The prominent inflammatory thrombotic lesion occurs more often in 
veins than in arteries (Fig. 2). If the acute superficial phlebitic lesions of the skin are biopsied at 
an early stage, one is most likely to see the acute pathological abnormalities of thromboangiitis 
obli terans. 

Figure 1 (A) Typical acute histological lesion of Buerger’s disease in a vein with intense lhromboangiitis 
(~64).  (B) Close-up view of the boxed area in A, showing a microabscess in the thrombus and two multi- 
nucleated giant cells (H dz E, ~400). (From Ref. 40.) 
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Figure 2 (A) Digital artery and (B) digital vein of the intermediate (subacute) stage of Buerger’s disease. 
Note the pronunent inflammatory infiltrates and early organization or the thrombus (I1 & E, ~ 6 4 ) .  (From 
Ref. 40.) 

In the intermediate phase, there is progressive organization of the thrombus in the arteries 
and veins. There are still significant inflammatory cellular infiltrates within the thrombus, but 
there is much less inflammation in the blood vessel wall. In the chronic or end-stage lesion, there 
is complete organization of the occlusive thrombus with extensive recanalization, prominent vas- 
cularization of the media and adventitia, and perivascular fibrosis. This end-stage lesion can be 
associated with many different disease entities. “In all three stages the normal architecture of the 
vessel wall subjacent to the occlusive thrombus and including the internal elastic lamina remains 
essentially intact. These findings distinguish thrornboangiitis obliterans from arteriosclerosis and 
from other systemic vasculitides in which there is usually more striking disruption of the internal 
elastic lamina and the media disproportionate to those attributable to aging alone’’ (1). 

Both clinically and pathologically, Buerger’s disease is segmental in distribution, and skip 
areas of normal vessels between diseased ones are commonly encountered. Thesc skip lesions 
may be observable angiographically and histopathologically. 

Pathological studies of Buerger’s disease have noted involvement in unusual locations. 
While the disease most commonly affects the small and medium-sized arteries and veins of the 
extremities (infrapopliteal and infrabrachial arteries), it has been demonstrated in many other vas- 
cular beds. Involvement of the cerebral, coronary, renal, mesenteric, pulmonary, iliac arteries and 
aorta have been occasionally reported, usually as single cases (42-44). Multiple organ involve- 
ment in TAO has also been observed (45,46), There have been reports of Buerger’s disease in 
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saphenous vein arterial bypass grafts (47) and in testicular and sperniatic arteries and veins (48). 
When TAO occurs in unusual locatiom, the diagnosis should only be made when the histopatho- 
logical findings are “classic” for the acute phase lesion and the clinical presentation is consistent 
for Bucrger’s disease. 

V. CLINICAL FEATURES 

Buerger’s disease is most commonly encountered in a young male smoker with the onset of symp- 
toms before age 40-45. However, the spectrum of disease appears to be changing, as the preva- 
lence of TAO in women has increased in some reports (7,11,13). Buerger’s disease virtually al- 
ways begins with ischemia of the distal sinall arteries and veins of the feet and hands. More 
proximal arteries may become involved as the disease progresses. 

From 1970-1 996, 152 patients were evaluated at the Cleveland Clinic Foundation (1 1,49), 
The demographic characteristics of this group are shown in Table 1. The presenting signs and 
symptoms of the original 1 12 patients are demonstrated in Table 2. Early in the course of TAO, 
patients may present with claudication of the arch of the foot. This is often mistaken for an or- 
thopedic problem, resulting in a significant delay before thc patient is refcrred to the appropriate 
specialist aid the correct diagnosis is made. As the disease progresses, the claudication may move 
more proximally, and the patient may present with typical calf claudication. A large number of 
patients present with ischemic ulcerations in the distal toes and fingcrs at thc time of presentation 
(66% in our scries) ( I )  (Figs. 3 and 4). 

Table 1 Demographic Characteristics of Thrornboangiitis C)bliterans 

Original series” Present seriesb 
Variable (1970-1987) ( 1  988-1996) 

Patients (n )  112 
Mean Age (years) 42 
Men 86 (77%) 
Women 26 (23%) 

40 
42 

28 (70%) 
12 (30%) 

‘Source: Ref. 1 I .  
’Source: Ref. 12. 

Table 2 Presenting Signs and Symptoms of Throinboangiitis Obliterans 

Number (%) 

Intermittent claudication 70 (63) 
Rest pain 91 (81) 
Ischemic ulcers 85 (76) 

Upper extremity 24 (28) 
Lower extremity 39 (46) 
Both 22 (26) 

Thrombophlebitis 43 (38) 

Sensory findings 77 (69) 
Abnormal Allen test 71 (63) 

Source: Ref. 1 1 .  

Raynaud’q phenomenon 49 (44) 
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Figure 3 Ischemic ulcer on the second toc in a young woman with TAO. (From Ref. 1 .) 

Figure 4 Ischemic ulccr of the index finger in a patient with Bueqer’s disease. (From Ref. I.) 

It is important to recognize that Buerger’s disease almost always involves two or more 
linibs ( 1  0,17). In Shionoya’s series, two limbs were involved in 16% of patients, 3 limbs in 415’6, 
and all four limbs in 43% of patients (10). Therefore, it has been our practice to perform an arte- 
riogram of both upper extremities and/or both lower extremities in patients who clinically pres- 
en1 with involvement of only one limb. Angiographic abnormalities are coimon in limbs that are 
not yet involved clinically. 
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If a lower extrcmity ulceration is present, it is important to perform an Allen’s test to assess 
the circulation in the hands and fingers (50,51). The Allen’s test helps to clinically determine if 
thcre is occlusion of the radial or ulnar artery distal to the wrist. An abnormal Allen’s test in a 
young smoker with lower extremity ulcerations strongly suggests the presence of TAO, since i t  
signifies that there is small-vessel occlusive disease of both the upper and lower extremities. 
Thrornboangiitis obliterans starts distally and may progress proximally over time. Atherosclero- 
sis is almost always more proximal in its distribution. Atherosclerosis does not usually occur in 
the hand and rarely is present distal to the subclavian artery except in patients with end-stage renal 
diseasc and diabetcs. Both supcrliciai thrombophlebitis and Raynaud’s phenomenon occur in ap- 
proximately 40% of patients with TAO (1 1). 

VI. ORY AND ARTERIOGRAPHIC FINDINGS 

Thcre arc no specific laboratory abnormalities that help to make the diagnosis of TAO. It is im- 
portant to obtain a complete serological profile so as to exclude other diseases that mimic 
Buerger’s disease. These tests include complete blood count with differential, fasting blood sugar, 
crcatininc, urinalysis, acute phase rcactants (Westergren sedimentation rate and C-reactive pro- 
tein), antinuclear antibody if features of systemic lupus are present, complement measurements 
if there is evidence of immune coniplex-mediated disease, and a complete hypercoagulability 
screen lo include antiphospholipid antibodies, factor V Leiden mutation, and the prothrombin 
gene 20210A. If skin changes suggestive of scleroderma are present, but the diagnosis is uncer- 
tain, a biopsy can be very helpful. 

Artcriographically, thc proximal arteries should be normal and show no evidence of athe- 
rosclerosis, aneurysm, or other source of proximal emboli. The disease most often occurs in the 
infrapopliteal arteries in the lower extremities (Fig. 5 )  and distal to the brachial artery in the upper 
cxtremity (Fig. 6). In some patients, there may be progression to the superficial femoral arteries 
and even more proximal larger arteries. Isolated disease below the popliteal artery almost never 
occurs in atherosclerosis. Even patients with diabetes mellit~rs often have multisegment disease 
with some evidcncc of proximal artery involvement. In Buerger’s disease, there is involvement of 
the digital arteries of the fingers and toes as well as the palmar and plantar arteries in the hand and 
foot. The tibial, peroneal, radial, and u l n a  arteries are commonly involved. Buerger’s disease is 
a segmental disorder in which there are arcas of diseased blood vessels interspersed with normal 
hlood vessel segments. There may be evidence of multiple vascular occlusions with collaleral- 
ization around the obstruction (corkscrew collaterals). These collaterals are not pathognomonic 
of Buerger’s disease as they may hc present in othcr small-vessel occlusive diseases such as scle- 
rodemia or CREST syndrome. In fact, the arteriographic appearance of Buerger’s disease may be 
identical to maiiy of the connective tissue diseases such as systemic lupus erythematosus (SLE), 
rheumatoid vascuiiti s, mixed connective tissue diseasc, and antiphospholipid antibody syndrome. 

It is important to rule out a proximal source of emboli using both arteriography and 
echocardiography. 

’The diagnostic algorithm in Figure 7 may help in the diagnosis of TAO. There are also scv- 
era1 diffcrcnt proposed diagnostic criteria. Papa et ill. (52) use a point scoring syslcm to help make 
the diagnosis of definite, probable, or unlikely Buerger’s disease. Mills and Porter (19) have pro- 
posed major and minor diagnostic critcria. Wc continue to believe that if patients meet the crite- 
ria of distal cxtrcmity involvement, tobacco use, exclusion of a proximal source of emboli or ath- 
erosclerosis, and the absence of hyperlipidenria, diabetes, hypercoagulable states, and systemic 
antiiminune diseascs, one can make the diagnosis of Buerger’s disease with a high degrce of cer- 
tainty. 
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Figure 5 Severe infrapopliteal disease in a patient with TACI. In the right leg, the anterior tibial artery 
(small arrow) and the postcrior tibial artery are occluded at their origin. The peroneal artery i s  patent (large 
arrow). In thc left lcg, the anterior tibial artery is patent (larger arrow), but the posterior tibial and peroneal 
artery (small arrows) are occluded proximally. (From Ref. 51 .) 

VII. T 

The most important aspcct in the treatment of patients with Buerger’s diseasc is complcte absti- 
nence from tobacco. This is the only way to halt the progression of TAO and avoid future ampu- 
tations (1 1,26,53). Even modest use of cigarettes or smokeless tobacco (chewing tobacco, snuff) 
has been reported to trigger or sustain active Buerger’s disease (17,18). At the Cleveland Clinic 
Foundation, 120 patients have been followed long term, and 52 (43%) wcre able to discontinue 
cigarette smoking (Fig. 8). If irreversible tissue injury was not present at the time the patient 
stopped smoking, amputation did not occur. Ninety-four percent of patients avoided amputation 
in the smoking cessation group. In the 68 patients who continued to smoke, 43% rcquired one or 
more amputations. There is an extremely strong correlation between smoking cessation and sub- 
sidence of disease (ischemic ulcer healing and avoidance of amputation). Therefore, if the patient 
has stated that they have stopped using tobacco products and the disease remains active, a urine 
nicotine and cotinine level should be measured to determine if the patient is still smoking or is 
being exposed to high amounts of environmental (secondary) tobacco smoke (54). Frequent ed- 
ucation and counseling i s  extremely important to encourage discontinuance of tobacco products. 
The patient should bc reassurcd that if they are able to discontinue tobacco use, the disease will 
become quiescent and amputation will not occur, assuming critical limb ischemia i s  not already 
present. However, plztients may continue to experience intermittent claudication or Ray naud’s 
phenomenon since the occluded arterial segments will remain occluded. 

Apart from discontinuation of tobacco products, all other forms of therapy are palliative. In 
a prospective, randomized, double-blind trial comparing a 6 h daily infusion of lloprost (a 
prostaglandin analog) to aspirin, lloprost was superior in providing total relief of pain at rest and 
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Figure 6 Angiograin demonstrating a normal brachial artery (not shown) with aradial artery that supplies 
Ihe hand. The intcrosseous artery ends just above the wrist (not qhown). Note the occluded u l n a  artery. 
There arc multiple digital artery occlusions. Some digits have multiple “skip” areas with patent arteries in- 
terspersed with occluded arteries. (From Ref. 49.) 

Figure 7 Diagnostic algorithm for the diagnosis of thromboangiitis obliterans. (From Ref. 1.) 
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Figure 8 Smoking status related to amputation. (From Ref. 49.) 

complete healing of trophic changes. At 6 months, 88% of the patients receiving Tloprost conlin- 
ued to respond to therapy, compared with only 21% of the aspirin group (55). An oral extended- 
relcase preparation of Iloprost has also been studied by the European TAO Study Group (56). Oral 
Iloprost was significantly better than placebo in providing total relief of rest pain without thc need 
of analgesics (57). There was no difference in healing of ischemic lesions. Both sympathectomy 
and intraarterial thrombolytic therapy have been used with variable results (1 1,58). Surgical 
revascularization for Buerger’s disease is usually not a good alternative because of the distal na- 
ture of the disease and the severe segmental involvement. Appropriate distal blood vessels are 
generally not available for bypass surgcry. In a large series of patients published by Sasajimi et 
al. (59), primary patency rate of surgical revascularization was 48.8% and secondary patency rate 
was 62.5% at 5 years. These results are better than reported in a number of other series (19,60,61). 

Isner and colleagues (62) used intramuscular injection of a plasmid DNA (ph VEGF 165) 
that encoded the VEGP 165 (vascular endothelial growth factor 165) gene to treat severe af3’ected 
limbs in six patients with TAO. Among nonhealing ulcers present for more than one month, com- 
plete healing occurred in three of five limbs after VECF gene therapy. In the remaining two pa- 
tients, nocturnal rest pain was relieved. It is too early to tell what role this promising forin of gene 
therapy will play in patients with TAO in the future. 

Good general vascular care is essential in the treatment of patients with severe ischemia 
secondary to TAO. A reverse Trendelenburg (vasculax) position should be used in patients who 
have scvcre ischemic rest pain. Adequate narcotics should be made available during periods of se- 
vere ischemia. Anticoagulation is generally not efficacious in the treatment of Buerger’s disease 
unless the patient has recurrent episodes of superficial thrombophlebitis. Good foot and hand hy- 
giene and avoidance of injury are obvious important measures. A calcium channel blocking agent 
such as nifedipine or ainlodipine should be used in patients with vasospasm (5 1). Pentoxifylline 
has not been adequately studied in patients with TAO. Since this drug increases the red blood cell 
ineinbrane flexibility and allows red blood cells to fit through a smaller vascular eumen, it is not 
unreasonable lo try penloxi fylline in the severely ischemic patient. Heel protectors should be used 
in patients with severe ischemia to prevent pressure ulcers from developing. 

Thromboangiitis obliterans (Buerger’s disease) is an inflammatory, nonatherosclerotic disease af- 
fecting the small and rriedium-sized arteries and veins in both the upper and lower extremities. 
Tobacco plays a central role in both the initiation and the continuance of disease. Discontinuation 
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of tobacco use, in any form, is the mainstay of treatment. Amputation almost never occurs in pa- 
tients who are able to discontinue using tobacco. 
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1. I 

A wide variety of viral agents have long been associated with different vasculitic processes af- 
fecting huniaiis as well as animals (1-10). In recent years, the recognition of vasculitides occur- 
ring in patients infected with hepatitis viruses (1 1-14), human irnmunodeficiency virus (1 5). and 
various agents belonging to the herpes family (16-18), has greatly expanded the interest in this 
field. The awareness of a causal relationship between specific viruses and some vasculitic syn- 
dromes may have important clinical implications. In fact, the recent development of reliable vi- 
rological tests, along with the availability of effective antiviral drugs may offer the chance of 
treatment based on etiology, possibly resulting in definitive cure of these often severe diseases. 
Conversely, treating virus-associated vasculitides with immunosuppressive drugs alone may 
favor viral replication with potential severe complications (19). 

Table 1 is a partial list of viruses that have been found in association with vasculitis in hu- 
mans. It is noteworthy that many reports in the literature describe isolated cases or small series of 
patients with vasculitis and simultaneous viral infection, where the responsibility of the virus pro- 
ducing vascular injury remains frequently unproved. In most instances, it is difficult to entirely 
fulfill the original Koch’s postulates that stated: ( 1 )  the infectious organism has to be isolated 
€rom the appropriate tissue, (2) the same disease has to occur following the inoculation of a suit- 
able animal, and ( 3 )  immunity against the agent has to appear as a consequence of the infection. 
Furthermore, as far as viral infections are concerned, these postulates may not be entirely suit- 
able. As a matter of [act, all studies that prove pathogenicity of hepatitis C virus (HCV) infection 
have been done without ever isolating the virus. On the other hand, the isolation of any pathogen 
from a tissue shows that it is present, but not necessarily proves that it induces the disease. Even 
the appearance of antiviral antibodies in the serum of a patient with vasculitis may become mis- 
leading post hoc propter hoc evidence. Definitely more reliable evidence of the causal role of a 
virus is obtained when the intact virion or its constituents, such as antigens or nucleic acids, are 
precisely identified in specific tissue lesions, using elcctron microscopy, immunofluorcscence, 
immunohistochemistry, or in situ hybridization (ISH) techniques. In several cases, improvemcnt 
fol1owing spec; fic antiviral therapy has lcnt strong, albeit indirect, support to clinical, epidemio- 
logical, and serological suspicion of virus-associated vasculitis (12,20). 

A iiumber of immunological and noniinmunological pathogenetic mechanisms could be 
potentially responsible for virus-related inflammatory vascular disease (Table 2). As will be seen, 
it  is possible that in some viral infections more than one mechanism may be operating simulta- 
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Table 1 Viral Agents Associated with Human Vasculitides 

fkpatitis viruses 
Hepatitis A virus (HAV) 
Hcpatitis B virus (HBV) 
Hepatitis C virus (HCV) 

I-luman immunodeficiency virus (HIV) 
Human T-cell lyrnphotropic virus type I (HTLVI) 

Cytomegalovirus (CMV) 
Epstein-Barr virus (EBV) 
Varicella mster virus (VZV) 
Herpes simplex virus (HSV) 

En teroviruses 
Echovirus 9 
Poliovims 1 
Coxsackieviruses €3.3 and B4 

Parvovrus B 19 
Rubella virus 
Influenza virus 

Retroviruses 

Hcrpesviruscs 

neously or alternatively. It is also important to remember that similar pathological pictures (e.g., 
cutaneous leukocytoclastic vasculitis) may be caused by different viruses, and the same pathogen 
inay produce various vasculitic syndromes (21). However, viruses are commonly thought to in- 
duce vasculitis basically in two ways: (1) direct vessel wall infection and (2) vascular injury me- 
diated by immune complexes (ICs). The direct cytopathogenic egect o f  viruses or the deposition 
of immune reactants within the vessel wall should be viewed as initial events that prime and ac- 
tivate endothelium. Subsequcntly, pathways of inflammation, necrosis, and occlusion are initi- 
atcd, leading to impairment of blood flow, loss of vascular integrity, and eventually orgm dys- 
function (Fig. 1). 

II. T VESSEL WALL INFECTION 

It Iias been demonstrated that a number of human and animal viruses can infect endothelial cells 
(ECs) both in vivo and in vitro (3,5,8-10,16,22,23). In vitro experiments show that viral infec- 

Table 2 Possible Mechanisms of Vascular Injury in Viral Diseasesa 

I. Circulating i mniune complexes of viral antigens and antiviral antibodies 
2.  In situ foniiation of immune complexes of viral antigens and antiviral antibodies 
3. Circulating immune complexes containing endogenous antigens released by virus-injured cells and host 

aa toanti bodics 
4. Cell-mediated immunity to viral antigens deposited in thc vessel wall 
5 .  Virus-induced autoimmunity against vascular components (e.g., inolecular mimicry, induction of sell- 

reactive B or T cells, activation of idiotypc- antiidiotype networks) 
6. Virus-induced release oP cytokines, adhesion molecules, andlor other medialors 
7. Direct cytopathogenic effect of the virus on endothelial or other blood vessel cells 

“Mcchanisms may not be mutually exclusive. 
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i VIRAL INFECTION 1 

I Endothelium invasion I I immunewstem stimulation I 
i 

I Cytopathogenic effect 1 (ne deposits 1 
I I t I 

1 Endothelial cell damage and activation 1 

I Leukocyte-vessel wail interaction I 

Figure 1 Schematic representation of putative pathogenetic steps in virus-associated vasculitis. 

tions may profoundly alter EC function. This functional derangement could stimulate the adhe- 
sion of leukocytes to ECs and their migration through the vessel wall, foster the deposition of ICs, 
and convert the endothelium to a prothrombotic phenotype (22-24). Viruses can also infect other 
cellular components of  the blood vessel wall, particularly smooth muscle cells (SMCs), which 
then become targets for antiviral immune responses. 

A. 

Among animal models of vasculitis, equine viral arteritis has long been recognized as a typical 
example of virus-induced direct vascular injury (8,lO). The disease presents as an acute viral in- 
fection of horses associated with a widespread severe vasculitis. A few days after infection, ECs 
throughout the vasculature show evident microscopic changes that are rapidly Sollowed by leuko- 
cyte infiltration and fibrinoid necrosis of the intima and the media. Viral antigen is initially de- 
tectable by immunofluorescence in ECs and a few days later in SMCs of the media. Iminune 
mechanisms of vascular injury have not been found in this model of vasculitis. 

Infection of genetically susceptible newborn chickens with the herpesvirus responsible for 
neurolynzphomatosis or Murek’s disease has been shown to cause a vasculitic process with some 
similarities to atherosclerosis (25). Somc SMCs within atherosclerosis-like proliferative plaques 
have been found positive for viral antigen or viral DNA by immnunofluorescence or ISH, respec- 
tively, In contrast, immune deposits werc not detectable in lhe vessel wall by immunohistocheni- 
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istry. The model of vasculitis induced by Marek's virus brings up the controversial subject of re- 
lationship between inSectious agents and atherosclerotic vascular discase, which is discussed in 
other chapters of this book. Other models of inflasnniatory vascular disease induced by a variety 
of herpesviruses have been developed in mice (26). Some interesting results of these studies could 
be helpful in elucidating the pathogenesis of virus-induced human vasculitis: (1) different viruses 
may causc similar lesions, (2) besides ECs, SMCs, monocytes, and macrophages are targets of 
viral infection, and (3) interferon-y and B and T cells play important roles in the generation of 
vascular inflammation. 

B. Human Vasculitides 

Similarly to the above-mentioned animal models, various herpesviruses have been implicated in 
many cases of hutnan vasculitis probably due to direct infection of vessel wall (3,5,16-18). Most 
of these viruses are ubiquitous agents that under conditions of altered host defenses (either ac- 
quired or congenital) are capable of inducing inflammatory vascular disease. 

Herpes zoster ophthalmicus is occasionally complicated by delayed contralateral hemi- 
paresis owing to cerebral infarction in the internal carotid artery territory. In this condition, the 
angiographic findings are suggcstive of vasculitis in the proximal branches of the anterior or mid- 
dle cerebral artery (3,27), while pathological studies reveal a necrotizing vasculitis with charac- 
teristic granulomatous infiltrates mainly involving the adventitia and intima of small vessels 
(28,29). This vasculitis could be due to direct invasion of the arteries by vuricellu zoster virus 
(VZV), but histological evidence has been lacking in most cases. Quite similar vascular lesions 
have been found in a relatively rare form of vasculitis called primary angiitis of the central ner- 
vous system, raising the possibility that at least some cases of this disease may be related to VZV 
infection. Interestingly, in a patient who was presumed to have primary angiitis of the ccntral 
nervous system, in the absence of clinical manifestations of VZV infection, a restudy of patho- 
logical material demonstrated both VZV DNA and VZV-specific antigen in three of five cerebral 
arteries (30). 

In addition, a recent report on six iinmunocompromised patients provides radiological, 
pathological, and virological documentation indicating that VZV encephalitis is predominantly a 
vasculopathy involving small and large vessels (1 8). Finally, the relatively f'requent association of 
VZV with cutaneous leukocytoclastic vasculitis demonstrates that the inflammatory vascular dis- 
ease induced by this pathogen is not confined to the centsal nervous system or restricted to elic- 
iting only a granulomatous inflamtnatory response (3 1). 

Cytornegulovirus (CMV) is a member of the herpesvirus family that has been shown to per- 
sist in a latent state in the great majority of healthy subjects. However, the virus is a major cause 
of morbidity and mortality in immunocompromised patients, espccially in transplant recipients 
receiving immunosuppressive therapy and in patients with acquired immunodeficiency syndroine 
(AIDS). Cytoinegalovirus appears lo have a specific tropism for vascular endothelium and has 
been suspected to cause vasculitis prcdominantly involving small and medium-siied vessels in 
the gastrointestinal tract, skin, and central nervous system (5,10,16). Cytomegalovirus infection 
characteristically induces ballooning of ECs with intranuclear or intracytoplasmic inclusions sur- 
rounded by a halo (owl eye appearance). In fully expressed CMV vasculitis, EC abnormalities are 
accompanied by inflammatory infiltrates and necrosis of the vessel wall, along with intraluminal 
fibrin thrombi. Aiming to study the sequence of histopathological events in CMV vasculitis, a rat 
model of CMV infection has been developed recently (32). In this experimental model, endothe- 
lial ballooning and leukocyte adhesion, interpreted as signs of early activation of ECs, appear 
prior to detcctable infection of these cells. Thesc findings suggest that endothelial activation does 
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not necessarily require direct invasion of ECs. Inflammatory infiltrates of blood vessels consisted 
mainly of mononuclear cells, many of which were infected with CMV. Since even mononuclear 
cells in the peripheral blood were infected with CMV, one may postulate that these cells are im- 
plicated in both transport of CMV throughout the body and transmission of infection to ECs, as 
has been suggested by in vitro experiments (33). It is also possible that CMV had infected circu- 
lating nionocytes and by increasing the production of cytokines, caused extensive activation of 
ECs. Current evidence points to a direct cytopathogenic effect on ECs as a major pathophysio- 
logical mechanism of CMV-associated vasculitis. Nonetheless, the capability of this virus to iii- 
duce the formation of serum cryoglobulins may occasionally also lead to an IC-mediated vas- 
culitis (34). 

111. I P LEX-M E DI ATED VASC U LITIS 

It is commonly thought that all or nearly all viral infections lead to the formation of circulating 
TCs. Considering the extremely rrequent occurrence of viral infection, the relative rarity of overt 
vasculitis or other IC-mediated diseases is surprising. Under normal conditions, ICs are rapidly 
cleared from the circulation by complement-dependent mechanisms. Immune complexes con- 
taining IgG or 1gM activate complement through the classical pathway and then incorporate C3b, 
which in turn binds to the complement receptor-1 (CRl j on erythrocytes. The erythrocyte-bound 
TCs are transported to the liver and spleen where they are eliminated by Kupffer's cells and 
macrophages. The deposition of virus-induced ICs within the vessel wall may depend on several 
factors (35,36): (1 j persistence of active viral infection, which promotes continuous formation of 
ICs excceding the removal capacity by the reticuloendothelial system; (2) characteristics of ICs, 
such as size, charge, and composition (large-lattice ICs, presence of' cationized antibodies, and 
slight antigen excess facilitate their deposition); (3) increased vascular permeability that is usu- 
ally mediated by vasoactive amines released from platelets or basophils; (4) presence of virus-in- 
duced endothclial receptors for the Fc portion of IgG (Fcy) and for complement component C3b; 
and (5) systemic and local hemodynamic factors. 

Once the ICs are deposited, vessel injury can be generated by many different mechanisms 
(37). Among these, the ability of ICs to activate complement seems to be of primary importance. 
In fact, complement activation is able to damage ECs via formation of the C5b-9 mcrnbrane at- 
tack complex and to produce cheniotactic factors such as C3a and C5a (anaphylatoxins) that at- 
tract leukocytes and stimulate the clotting and kinin systems. In addition, ICs deposited within 
vascular walls can directly bind to Fcyreceptors present on inflainmatory cells. Activation of ECs 
and Icukocytes induces increased expression and release of adhcsion molecules and cytokines. 
Subsequently, activated leukocytes adhering to the endothelial surface penetrate the vessel wall 
where they phagocytose the deposited ICs and release lysosomal enzymes, oxygen radicals, and 
arachidonic acid metabolites. These and other toxic mediators, as well as the activated compo- 
nents of the extrinsic arm of the coagulation cascade, are likely to lead to the final phase of the 
vasculilic process. 

Aleutian disease of mink is a chronic viral infection associated with severe vasculitis and 
glomerulonephritis (8). In this disease, an IC-mediated pathogenesis is suggested by the presence 
of virus-induced circulating 1Cs and, what is more important, by the detection of IgG, C3, and 
Aleutian disease virus antigen in affected vessels (38). Additional supportive evidence for the role 
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of immune-mediated injury is the observation that immunosuppressive therapy with cyclophos- 
phamide prevents the vasculitis, in spite of persisting viral inieclion (39). 

A systemic vasculitis mainly affecting small blood vessels has been recently described in 
swine under the name o f  dermatitishephropathy syndrome (40). The disease has been associated 
with infection by porcine reproductive and respiratory syndrome virus (PRRSV), a member of 
the Arteriviridae. Nccrotizing and leukocytoclastic vasculitis acconipanied by deposition of irn- 
munoglobulins and complement in and around necrotic vessels has been demonstrated in the 
early stages of the disease, suggesting IC-mediated mechanisms (41). The PRRSV antigens have 
been detected by immunohistochemistry within macrophages infiltrating pevivascular areas, but 
not in the vessel wall. In pigs cxperjmentally infected with PRRSV, vascular lesions have been 
found 14 days postinoculation, a time interval consistent with generation and deposition of LCs, 
but again PRRSV antigen staining was not evident (42). These conflicting results do not exclude 
that the YRRSV-related vasculitis is IC-mediated. However, a direct cytopathogenic effect of 
PRRSV on ECs should also be considered since the agent of equine viral arteritis that belongs to 
the same family of Arteriviridae likely causes vasculitis through this mechanism. 

an Vasculitides 

A fonn of necrotizing vasculitis mimicking polyarteritis nodosa (PAN) that usually manifests 
several weeks to months after hepatitis B virus (HBV) infection was recognized almost 30 years 
ago (1,2,12). The prevalence of this associatioa, accounting for over 30% of all cases of PAN in 
the early 1980s has been declining to less than 10% in recent years (43), probably due to more ef- 
fective screening of blood donors and the development of an HBV vaccine. However, following 
thc initial descriptions of HBV-related PAN, it became evident that various vasculitic syndromes 
may appear in association with HBV infection. The clinical manifestations of acute hepatitis B 
are frequently preceded by a prodromal syndrome similar to serum sickness, including fever, 
arthralgia or arthritis, urticaria or purpura, and glornerulonephritis. In some of these cases, the 
histopathological study of skin lesions revealed small-vessel vasculitis mainly involving post- 
capillary venules (44,45). In both FAN and small-vessel vasculitis accompanying HBV infection, 
fcatures suggestive of virus-induced 1C disease have been found ( 1,44,45): ( I )  circulating com- 
plexes o f  hepatitis B surface antigen (HbsAg), antibody (HbsAb), and complement; (2) serum 
cryoglobulins containing these ICs; (3) hypocomplementemia due to activation of both classical 
and alternative pathways; and (4) HbsAg, HbsAb, complement components, immunoglobulins 
(especially IgM), or viral particles detected by immunofluorescence, immunohistochemistry or 
electron microscopy in vascular lesions. Moreover, successful treatment of HBV-related PAN 
with antiviral drugs alone or in combination with plasma exchange has been reported (12,461. 

Several lines of evidence indicate a pathogenetic relationship between hepatitis C virus 
(HCV) infection and essential mixed cryoglobulinemia, a systemic vasculitic disorder associated 
with the presence in the serum of cryoprecipitable 1Cs consisting of polyclonal IgC bound to ei- 
ther polyclonal or monoclonal TgM with rheumatoid factor activity. The great majority of patients 
with mixed cryoglobulinemia have antibodies to HCV and have HCV RNA in the serum, while 
serum cryoglobulins are detectable in a large proportion o f  patients with chronic hepatitis C 
( 1  3,14,47). These observations suggest that the production of cryoglobulins is a consequence of 
HCV infection, probably by an antigen-driven benign proliferation of B cells (48). This hypoth- 
esis is indirectly supported by the results of treatment with different antiviral drugs, showing that 
marked reduction and even disappearance of cryoglobulins regularly follows the clear'mce of 
HCV from the serum (20,49,50), as shown in Figure 2. There is also evidence that. HCV could be 
directly or indirectly responsible for the cutaneous vasculitic syndrome of mixed cryoglobuline- 
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Figure 2 Effects of combined treatment with intcrfcron-a and ribavirin in a patient with HCV-associated 
mixed ciyogtobulinemia. Following the clearance of HCV KNA from the serum, cryoglobulins remarkably 
decline and become no longer detectable after six months. Simultaneously, the levels of C4 rapidly return to 
normal. - - and - - - - indicate cryocrit and serum levels of C4, rcspeclively. 

mia. In fact, HCV antigens and HCV RNA have been found in vasculitic skin lesions by im- 
munohistochemistry and ISH, respectively (5  132). The demonstration that HCV RNA is [re- 
quently concentrated in cryoprecipitate and that imnunoglobulin components of cryoglobulins 
along with C3 and HCV RNA are detected at the same sites of vessel damage suggests that cuta- 
neous vasculitis could be caused by the deposition of cryoprecipitable HCV-containing ICs. How- 
ever, this interpretation is in contrast with the lack of direct relationship between the amount of 
cryoglobulins and clinical manifeslations of vasculitis. In addition, cryoglobulins that precipitate 
in the form of ICs at 4°C usually circulate as monomeric IgG and IgM in the serum at 3 7 T .  On 
the basis of these findings, it has been suggested that cutaneous vasculitis is mediated by ICs 
fonned in situ from components of the cryoglobulins circulating in a dissociated state (48). 

Deposits of IgM and C3 arc commonly detected in glomerular lesions of patients with 
inembranoproliferative glomerulonephritis and HCV-associated mixed cryoglobulinemia. How- 
ever, only one study shows the presence of HCV antigens in glomeruli by imnunohistochemistry 
(53), while ISH failed to detect HCV RNA (54). In an attempt to explain these conflicting results, 
somc authors, on the basis of experimental evidence, suggest that cryoglobulinemic glomeru- 
lonephritis could be the consequence of HCV-induced production of monoclonal IgM that forms 
in situ ICs by binding to rnesangial cell fibronectin (55) .  

Another controversial subject is whether the vasculitis causing peripheral neuropathy in 
HCV-related mixed cryoglobulincmia is an 1C-mediated condition. As a matter of fact, the depo- 
sition of immunoglobulins and complement has been infreyuently detected in damaged vessels, 
and in a preliminary study, the search for HCV RNA by ISH assay provided negative results (48). 
In addition, the inflammatory infiltrate in cpineurial vessels has been found to be composed 
mostly of monocytes and T lymphocytes (56), in contrast with the cutaneous vasculitis where the 
predominant cells characteristically are polyrnorphonuclear leukocytes. Thus, the vasculiti s of 
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cryoglobulinemic neuropathy is likely to be dependent mainly on cell-mediated immune mecha- 
nisms, as described in other vasculitic neuropathies (57). From all these studies, it appears that 
HCV is capable of triggering different pathophysiological processes leading to multiple patho- 
logical and clinical expressions of infl‘ammatory vascular disease. 

A variety of vasculitic syndromes have been described in patients with humun irninunode- 
ficiency virus infection. In many of these patients, vasculitis is due to other viral or nonviral in- 
fectious agents, including HBV, HCV, CMV, VZV, Mycobucterium tuberculosis, Aspegillus, 
Crqptococcus, Cundidu nlbicans, and Toxoplasma (1 5,2 1,58). Clearly, the identification of one 
of these pathogens in a patient with AIDS and vasculitis offers the chance of a inore specific ther- 
apeutic approach. For the same reason, it is important to recognize drug-induced vasculitis or vas- 
culopathy secondary to lymphoma. Even when HIV itself is the likely cause of inflammatory vas- 
cular disease, several pathological and clinical expressions may be observed, Indeed, polyarteritis 
nodosa, leukocytoclastic vasculitis, Henoch-Schonlein purpura, isolated ang 
nervous system, erythema elevatum diutinum, Kawasaki disease, and other forms of vasculitis 
have been reported. It is possible that different pathogenetic mechanisms underlie all these vas- 
culitic syndromes. 

Several features suggestive of IC-mediated disease have bcen rcporled in patients with 
HIV-associated vasculitis: (1) circulating 1Cs of HIV antigens and antibodies (59), (2) mixed 
cryoglobulins containing antibodies to HIV and HIV- 1 RNA sequences (60), ( 3 )  deposits of 1gM 
and complement in vascular lesions of paticnts with necrotizing and nonnecrotizing vasculitis 
(1 3, and (4) vascular deposits of IgA and C3 in skin biopsies of patients with Henoch-Schiinlein 
purpura (61). 

The identification of HIV-I in ECs (62) could suggest a direct cytopathogenic effect of the 
virus on the vessel wall, a mechanism possibly implicated in the pathogenesis 01’ cerebral 
aneurysms and arteriopathy occurring in children with longstanding AlDS (63). Experimeiital ev- 
idence supporting an alternative disease mechanism comes from a recently developed model of 
HIV-associated vasculopathy in transgenic mice (64). The vascular lesions seen in these micc are 
characterized by marked SMC proliferation involving the media and the intima, along with an in- 
filtrate composed mainly of T cells and localixd primarily to the adventitia. Most interestingly, 
viral transcripts have been identified in SMCs but not in lymphocytes, suggesting that the intil- 
iration of T cells is not [he initial event in this condition. Another intriguing observation in this 
experimental model of HIV-associated vasculopathy is that the endothelium did not appear to ex- 
press HIV genes or be involved in the pathological process. 
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The association between certain viral infections and the development of vascular inflammation 
involving different size vessels has been well documented in the medical literature over the last 
30 years. Since the initial observations of polyarteritis nodosa (PAN) associated with hepatitis B 
virus (HBV) infection in the early 70’s (l,2), an increasing number of vasculitic syndromes de- 
veloping during the course of an acute or chronic viral infection, have been reported (3-6). The 
expanding spectrum of viral association with certain vasculitic syndromes that were considered 
to be “idiopathic” is exemplified by the recent finding of the strong association between hepatitis 
C virus (HCV) infection and “essential” mixed ciyoglobulinemia (EMC) (7). 

Typically, virus-associated vasculitides involve small (postcapillary venules, capillaries, ar- 
terioles) or medium-sized vessels (Table 1). Rarely, cases of viral infections due to Epstein-Barr 
virushuman herpesvirus 4 (EBV), parvovirus (B 19 virus) or HCV leading to large-vessel in- 
volvement have been described (see Table 1). Specilic syndromes, such as retinal vasculitis or 
central iiervous system (CNS) vasculitis, have also been related to certain viral infections (see 
Table 1). 

In this chapter we describe the clinical manifestations, laboratory findings, and manage- 
ment of virus-associakd vasculitides. 

Two types of vasculitic syndromes can develop during the course of hepatitis B infection. An iin- 
mune complex-mediated small-vessel vasculitis affecting mainly the skin has been described in 
the prodromal phase of acute hepatitis B infection (‘‘serum sickness-like syndrome”) (8,9) 
whereas a polyarteri tis nodosa-like vasculitis with multisystem involvement is characteristically 
seen at the early stages of chronic HBV infection (8,10,11). 
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Table 1 
Sik  of Involvement 

Virus-Associaled Vasculitic Syndromes According to Vessel SiLe and Specific 

Vessel size 

Small vesscls Medium vessels Large vessels 

HBV 
HCV 
HIV 
CMV 
Parvovirus 
EBV 

Iiubella virus 
HAV 
Hantavirus 

Echovi rus 
Coxsackie B 1 virus 
Measles 

HSV-1 or 2 

HTLV- 1 

HBV 
HCV 
HIV 
CMV 
Parvovirus 

ERV 
Parvovirus 
HCV 
Coxsackie B4 virus (?) 

Specific site of involveinciit 

Rctinal vasculitis CNS vasculiiis Kawasaki disease 
~ 

CMV vzv EBV 
EBV HS V Parvovirus 
HIV CMV Parainfluenza virus 
HSV-1 and -2 HIV Adenovirus 
vzv EBV 
Rubella HTLV- I 
Coxsackic B virus 
HTLV- 1 

‘Abbreviations: IIBV = hepatills B viiw, HCV = hepatitis C virus, HIV = human immunodeficiency virus-1, CMV = cy- 
Lomegalovirus or human herpesvirus 5 ,  EBV = Epstcin-Rarr virus or human herpesvrus 4, HSV-1 or -2 = herpes s m -  
plex virus type 1 or 2 or human herpesviruq 1 or 2, HAV = hepatitis A virus, HTLV- 1 = huniari T-cell lymphotropic virus 
1, VZV = varicclla zoster virus 01 human herpesvirus 3 ,  CNS = central nervous system. 

erum Sickness-Like Syndrome 

1. ~ p i d e ~ i o ~ o g y  
Five to fikcen percent of patients with acute hepatitis B infection develop a transient “serum sick- 
ness-like syndrome” consisting of fever, arthralgias, polyarthritis, rash, and occasionally small- 
vessel vasculitis affecting the skin (9,12). Usually thc clinical manifestations appear days to few 
weeks prior to the oiiset of jaundice or other typical symptoms of acute hepatitis (Fig. 1). 

2. ~ ~ n i c a l  Fin~iflgs 
The joint manifestations range from arthralgias to a symmetric “rheumatoid arthritis”-like in- 
flammatory polyarthritis. Various forms of rash inay accompany the arthritic symptoms, includ- 
ing urticaria, maculopapuiar rash, palpable purpura, petechial lesions, nodules, or erythematous 
plaques (9,13). In some cases, the rash may be the only extrahepatic manifestation of acute HBV 
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Figure 1 “Serum siclcness-like syndrome” with associated vasculitis during acute hepatitis B infection. 
Abbreviations: HBsAg =hepatitis 5 surface antigen, HBV =hepatitis B virus, anti-HBe = antibodies against 
hcpatitis B early antigen, anti-HBc = antibodies against hepatitis B core antigen. (Modified from Ref. 17.) 

infection. Biopsy of the skin lesions usually reveals a lymphocytic venulitis or neutrophilic vas- 
culitis of small vessels with associated lcukocytoclasis or fibrinoid necrosis of the vessel wall 
(1 3) .  Few cases of HBV-associated Hcnoch-Schonlein purpura have been also reported ( 14), al- 
though their incidence appears to be low (15). 

Circulating immune complexes (TCs) play a pivotal role in the pathogenesis of the syn- 
drome. Immune complexes containing hepatitis B surface antigen (HBsAg) and antibodies 
against HBsAg (anti-HBs) have been demonstrated in the circulation, synovial tissue, and vessel 
walls (9). High titers of HBsAg and decreased complement levels are frequently detected in the 
circulation and synovial fluid of these patients. Irninunofluorescent (IIF) studies of cutaneous ves- 
sels have revealed immunoglobulin G(IgG), IgM, or rarely IgA, complement (C3), and HBsAg, 
further substantiating the role o€lCs in the development of this syndrome (16). 

3. Laboratory Findings 
Since the majority of the cases occur during the preicteric phase of acute HBV infection, the sero- 
logical tindings are compatible with acute hepatitis B (17). Typically, HBsAg, hepatitis B early 
antigen (HBeAg), and hepatitis B virus DNA (HBV DNA) are detected in the circulation. Tm- 
munoglobulin antibodies against the core antigen (IgM anti-HBc) usually appear with the onset 
of symptomatic hepatitis and may or may not be present. Complement levels (C3 and/or C4) are 
usually decreased and ICs can be lbund in the circulation (8). 

Rarely, in cases that exhibit a more chronic course, serological findings suggestive of 
chronic hepatitis B can be found, including persistence of HBsAg, anti-HBc, and HBV DNA. 
Bonkovsky et al. (1 8) recently reported a caqe of a patient with chronic leukocytoclastic vasculi- 
tis associated with chronic HBV infection due to a precore mutant strain of HBV that lacked se- 
cretion of HBeAg. 

4. Treatment 
Typically, the skin and joint manifestations last 2-3 weeks and subside with the appearance of 
jaundice (12). As the clinical syndrome resolves, complement levels return to normal and HBsAg 
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titers Fall ( 1  9). Given the transient nature and favorable outcome of this syndrome, no specific 
therapy i s  required. Although unusual, cases of chronic leukocytoclastic vasculitis have been de- 
scribed (18,20). In the few cases associated with chronic HBV infection, antiviral therapy with or 
without immunosuppressive therapy may be warranted. 

epatitis B Virus-Associated Polyarteritis Nodosa 

I. Epidemiology 
Hepatitis B virus-associated PAN is one of the best studied virus-associated vasculitic syn- 
dromes. In 1970, two groups of investigators separately reported the development of PAN in pa- 
tients with hepatitis B infection (1,2). Since then, numerous studies have delineated the possible 
pathogcnetic mechanisms, clinical manifestations, laboratovy findings, and treatment options for 
this systemic vasculitis (8,10,11,21). 

Epidemiological data conceiming the incidence or HB V-associated PAN are limited. In a 
retrospective study from 266 HBsAg-positive patients undergoing hemodialysis, Drucke et al. 
(22) identified HBV-associated PAN in only 1.2% of thc cases. In a study of an Alaskan popula- 
tion hyperendemic lor HBV infection, the annual incidence of HBV-associated PAN was esti- 
mated at 7.7 cases per 100,000 (21). On the other hand, the frequency of I-IBV infection in pa- 
tients with PAN varies among different studies from 10-350/0. Although studies from France in 
the early 1980s revealed a 30% frequency of HBV infection in patients with PAN-like syndromes, 
recent data have shown a decline to 7% (1 1). 

2. Clinical Findings 
(Hepatitis B virus-associated PAN usually develops the first 8-12 months following acute HBV 
inlection (Fig. 2). In a recent large retrospective study from France, Guillevin et al. (1 1 )  found 
that 88% of the cases developed in less than 8 months after viral exposure. Similar findings have 
been reported by other authors (21,22). The clinical manifestations of HBV-associated PAN rc- 
flect the multisysteinic nature of the disease (1 I). These may include constitutional symptoms, 

HBV-associated PAN 
Anti-HBc -..-------____ --- &c-- -1- 

-1 

/ 
Anti-HBe 

Months Years 
TIME AFTER EXPOSURE 

Figure 2 HBV-associated PAN during the course of chronic hepatitis B infection. Abbreviations: HBsAg 
= hepatitis B surface antigen, FIBV = hepatitis B viius, HBeAg = hepatitis B early antigcn, anti-Hbe = anti- 
bodies against HbeAg, anti-HBc = antibodies against hcpatitis B core antigen, PCR = polymerase chain re- 
action. (Modified from Ref. 17.) 
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such as weight loss, fever, arthralgias/myalgias, peripheral neuropathy (mainly mononeuritis 
multiplex), renal insufficiency, ischemic abdominal pain, or hypertension (I 1 j. 

Despite its initial explosive onset and multisystem involvement, HBV-associated PAN usu- 
ally lasts only a fcw months. For patients who achieve remission after treatment, relapses rarely 
occur. The rate of relapse has been reported to be between 0-9% (10,11,21). 

3. Laboratory Findin~s 
Anemia, mild lcukocytosis, thrombocytosis, and elevated erythrocyte sedimentation rate (ESR) 
are common nonspecific laboratory findings in these patients (8,10,11,21) (Table 2). Eosinophilia 
is present in approximately 19% of cases (8,10,11,21). Taking into account that most cases of 
HBV-associated PAN occur early in thc course of chronic hepatitis (see Fig. 2) ,  serological mark- 
ers suggestive of early chronic hepatitis B infection are usually present (17). All patients are 
HBsAg-positive and the majority are HEeAg-positive. Tn some cases, IgM anti-HBc can he 
found, whereas moderate to high levels of circulating HBV DNA have been observed in approx- 
imately 80% of the cases (1 1 ) .  The prcsence of HBeAg and increased HBV DNA levels reflect 
an underlying active viral replication. Recently, a case of PAN associated with a precore mutant 
of HBV, characterized by the absence of circulating HRehg and the presence of antibodies 
against HBeAg (anti-Be), was reporled (23). Antineulrophil cytoplasmic antibodies (ANCAs) arc 
rarely present (4%) (1 1). 

Table 2 Clinical and Laboratory Findings in Patients 
with EIBV- Associated PAN-Like Vasculitis~ 

-. 

Findings % 

Clinical 
Constitutional symptom 

Weight loss 
Fever 
Arthralgias/arthritis 
Myalgias 

Specific organ involvement 
Peripheral neuropathy 
Abdoniinal pain 
Hypertension 
Orchioepididymitis (males) 
Renal failurc 
Purpura 

I ,ahoratory 
Elevated ESR 
Low C3 or C4 
Leukocytosi 5 

Anemia 
Eosinophilia 

80 
66 
58 
39 

66 
46 
46 
26 
24 
22 

83 
71 
68 
49 
19 

aAbbreviatmns: HBV = hepatitis H virus, PAN = poiyarteritis iio- 
dosa, ESR = erythrocyte sedimentation rate, C3 or C4 = comple- 
ment 3 or 4. 

Suztrce: Data from Refs. 8, 10, 11, and 21. 
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Abdominal or renal angiograms can reveal the characteristic microaneurysms or stenotic 
lesions of niedium-sized vessels that are frequently seen in patients with classic PAN (1 1). Biop- 
sies of affected organs usually demonstrate areas of segtnental perivascular i n f l a ~ a t i o n  of small 
and medium-sized vessels (mainly arteries and artcrioles) accompanied by fibrinoid necrosis al- 
ternating with areas of normal or fibrotic appearing vessels (10,11,21). Like the lesions seen in 
the “serum sickness-like” syndrome, deposition of HBsAg, complement, and immunoglobulins 
arc found by ITF in the vascular wall, suggestive of an IC-mediated process (9). The exact host 
andlor virus-mediated mechanisms that differentially lead to a small-vessel vascnlitis affecting 
predominantly the skin (“serum sickness-like” syndrome) vs. a inultjsystemic vasculitis affcct- 
ing small and medium-sized arteries (PAN) have not been clearly delineated (9,24). 

Biopsies of the livers from patients with HBV-associated PAN can display a variety of his- 
tological findings but the majority show evidence of chronic hepatitis (-70%), even though the 
vasculitis occurs early in the course of chronic HBV infection (9,ll). 

4. ~ e a ~ ~ e ~ t  
Trealment of patients with HBV-associated PAN can be challenging. In patients with life- or 
major organ-threatening disease, corticosteroids with or without the addition of  cytotoxic agents 
such as cyclophosphamide are needed. Use of these agents can lead to fulminant liver failure or 
even death, especially after their discontinuation, due to rebound viremia and enhanced host im- 
mune response against the virus (25-27). This effect has been mainly observed in HBV-positive 
patients receiving chemotherapy and attributed to corticosteroids in these regimens (28). Based 
on these observations, the inclusion oi an antiviral agent in the therapeutic regimen would appear 
to he appropriate (6). 

‘There have been no controlled studies in the treatment of HBV-associated PAN. Although 
case reports and small uncontrolled studies have suggested a favorable response to antiviral treat- 
ment alonc (interferon 3. fmciclovir) (29-32) or to a combination of antiviral therapy and 
plasnia exchanges (33), the combination of immunosuppressive therapy (corticosteroids and cy- 
clophosphamide), antiviral agents, and plasma exchanges (8,10,11,21) is generally warranted to 
control this systemic vasculitis. Close monitoring of liver function and markers of viral replica- 
tion is essential in patients treated in this manner. 

The mortality rate of HRV-associated PAN ranges between 20 and 30% in difrerent studies 
(8,10,11,21). In most cases, death was attributed to complications from the underlying vasculitic 
process (8.10.1 1,21), whereas only one patient died from fulminant hepatitis (6%) (1 I) .  These 
findings further emphasize the need for early aggressive immunosuppressive treatment. 

111. C VIRUS 

Hepatitis C virus has been particularly associated with small-vessel vasculitis resulting from dep- 
osition of ICs containing cryoglobulins in the vessel wall (HCV-associated mixed cryoglobuline- 
mia). Small btudies or scattered case reports have indicated the occasional association of HCV 
with medium- (PAN-like) or large-vessel vasculitides. 

irus-Associated ixed Cryoglobulinemia 

Hepatitis C virus infection is currently one of the most common chronic infections in the United 
States and worldwide, representing a major public health problem. It has been estiniatcd that ap- 
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proximately 1.8% of the U.S. and 3% of the world population is infected with HCV (34,35). Over 
the last decade, developments in HCV detection techniques and carefully performed epidemio- 
logical studies have identified a continuously expanding number of extrahepatic manifestations 
associated with this chronic liver infection (36). The association of HCV infection with approxi- 
mately 80% of cases of mixed cryoglobulinemia (MC), previously referred as EMC, is one of the 
strongest and best studied (7,37,38). Despite the frequent presence of circulating cryoglobulins 
in 35-55% of patients with HCV infection (391, the incidence of HCV-associated cryoglobuline- 
mic vasculitis is much lower. Although initial studies suggested a high prevalence of cryoglobu- 
linernic vasculitis in patients with HCV infection (40), several rccent studies have estimatcd this 
to range between 2-3% (41-45). 

2. Clinical Findings 
The manifestations of HCV-associated cryoglobulinemic vasculitis can range from leukocyto- 
clastic vasculitis involving only the skin (purpura) to severe membranoproliferative glomeru- 
lonephritis (MPGN) leading to renal failure (39) (Table 3). 

Purpura is the most common cutaneous finding of HCV-associated MC (82%) and usually 
represents the presenting feature of the syndrome (41,46). It is usually intermittent, locatcd pre- 
dominantly in the lower extremitics. Other skin findings include leg ulcers, Raynaud's phenom- 
enon, lived<) reticularis, urticaria, and nodular lesions (41,42,46,47). Biopsy of the skin typically 
shows a leukocytoclastic vasculitis of the small vessels. Hepatitis C virus has been demonstrated 
by in situ hybridization (ISH) in the inflamed areas in the form of ICs with IgM or IgG, sugges- 
tive of an immune complex-mediated process (48). 

Renal involveinent occurs in approximately 34% of patients with HCV-associated MC (39). 
The majority of patients have circulating type 11 cryoglobulins (49). Histologically, the most com- 
monly observed lesion is that of a MPGN with subendothelial deposits (49). Indirect immuno- 
fluorescence reveals IgG, IgM with rheumatoid kctor activity (RF), and C3 deposits, whereas 

Table 3 Clinical and Laboratory Findings of HCV-Associated 
Cryoglobulinemic Vasculitis (Mixed Cryoglobulineinia)" 

Findings 9% 

Clinical 
Purpura 
Weakness 
Arthralgias 
Liver involvement 
Renal involvement 
Peripheral neuropathy 
Raynaud's phenomenon 
Sicca symptoms 

Laboratory 
Rheumatoid kctor 
Low c 4  
Elevated ESR 
Anemia 

82 
42 
42 
42 
34 
26 
22 
6 

80 
48-63 

70 
70 

"Abbreviations: ESR = erythrocyte sedimentation rate, C4 = complement 4. 
Source: Data from Refs. 39,50, and 257. 
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HCV RNA has not been detected (39,49). One-third of the kidney biopsies demonstrate a necro- 
tizing vasculitis of the small and medium-sized renal arteries (even in the absence of glomerular 
involvement) (49). Hepatitis C virus--associated MPGN presents later than the other typical man- 
ifestations of MC (median delay = 4 years) (49,SO). Clinically, patients present with hypertension 
(80%), renal failure (47%), proteinuria (55%), and nephritic (25%) or nephrotic (20%} syndrome. 
The disease usually follows an indolent course with rare progression to end-stage renal disease 
(15%) (49,50). By multivariate analysis, older age, low C3, purpura, splenomegaly, cryocrit level 
of >lo%, and elevated serum creatinine (>1.5 mg/dI,), were identified as independent predictors 
of a worse outcome (51). 

A distal symmetric sensorimotor polyneuropathy is much more common (39,52-55) than 
mononeuritis multiplex (56). Electxomyography (EMG) shows evidence of multifocal axonal de- 
generation. Nerve biopsy may show evidence of vasculitis (3952-55). Immune complex and cell- 
mediated mechanisms have been implicated in the pathogenesis of the vasculitic lesions (55). He- 
patitis C virus has not been identified in the biopsied lesions by ISH (39). 

Polyarthralgias, involving mainly the hands and knees, are a conimon symptom, although 
inflammatory arthritis or radiographic evidcnce of erosive changes is rare (SO).  Whether the 
severity of liver involvement in patients with HCV-associated MC compared with patients with 
chronic hepatitis C without cryoglobulinemia differs, remains a controversial issue. The degree 
of liver inflammation and prevalence of cirrhosis varies significantly among different studies, and 
may be a function of patient seleclion bias (57). 

3. Laboratory Findings 
The hallmark of HCV-associated MC is the presence of mixed (types I1 and 111) cryoglobulins in 
the circulation. The majority of circulating cryoglobulins in HCV paticnts are type I1 (66%), con- 
taining a mixture of polyclonal 1gG and monoclonal IgM with RF reactivity (39). Further analy- 
sis of the monoclonal RF in these patients revealed a predominance of the WA cross-idiotype 
(87%) (58) .  The pathogenesis of cryoglobulin formation is unclear but a direct role for HCV has 
been proposed through chronic polyclonal activation of B cells (58). Recent data indicating a cor- 
relation between disease duration and cryoglobulin formation further support this hypothesis 
(59). Still, the precise host or viral factors that lead to the development of vasculitis in only a sinall 
percentage of patients with HCV-associated cryoglobulineinia remain to be defined. 

Other common laboratory findings in patients with HCV-associated MC include anemia 
(70%), presence of rheumatoid factor (XO%), and low complement levels (5660%) (see Table 3). 
Typically, the early components of the complement activation cascade are reduced (mainly C4), 
although C3 levels are frequently low and C3 is present in the glomerular deposits in patients with 
MPGN (49). The presence of various autoantibodies in patients with chronic hepatitis C infection 
has been well documented in the litcraturc (36,60,61). However, no difference in the prevalence 
of autoantibodies between patients with or without mixed ciyoglobulineinja has been detected 
(47,62). Nevertheless, the levels of RF are usually higher in patients with MC, probably reflect- 
ing the presence of circulating monoclonal or oligoclonal IgM with RF activity (60,63). 

4. Treatment 
Treatment of severe EMC traditionally included a combination of corticosteroids, cytotoxic 
agents, and plasmapheresis (50,s 1). Boiiomo et al. (65) in 1987 first reported a favorable response 
of seven patients with type I1 cryoglobulinemia to interferon-a (IFN-a) treatment (65). The dis- 
covery of the strong association between HCV and MC led to further studies that explored the po- 
tential therapeutic effect of antiviral agents. Following initial case reports that showed a benefi- 
cial effect of TFN-a (66), three controlled trials utilizing IFN-a showed clinical responses ranging 
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fi-om 53-62'35 in patients with symptomatic HCV-associated MC (67-69). Smaller uncontrolled 
studies using different IFN-a preparations in various doses and durations showed siinilar results 
(40,70-72). The results of these studies should be interpreted with caution since most of the pa- 
tients had clinically mild disease, especially in regard to renal involvement. Despite these limita- 
tions, the results of these studies suggest that IF"-a alone is a moderately effective treatment of 
HCV-associated MC. Patients who clear HCV viremia during treatment are more likely to achieve 
a complete remission (69,72). Unfortunately, discontinuation of IFN-a therapy is followed by 
clinical and virological relapse in the majority of patients (69). In an uncontrolled study, longer 
duration of treatment and higher doses of IFN-a were associated with long-tcrm responses (72). 

Recent multicenter studies have indicated that the addition of ribavirin to IFN-a treatment 
enhances the rate of virological and biochemical response in patients with chronic hepatitis C. Al- 
though it appears logical that the combination of these 2 antiviral agents could be an effective 
treatment of HCV-associated MC, studies involving large numbers of patients are lacking so far. 
Interestingly, most of the patients with HCV-associated MC that responded to ribavirin received 
the agent as monotherapy (73-77). 

Concerns regarding the use of inimunosuppressivc agents such as prednisone and/or cy- 
clophospharnide in patients with MC are focused on their potential effects on liver function, viral 
replication, and malignant transformation of monoclonal or oligoclonal populations of B cells. 
D'Amico (49) did not observe any significant deterioratioii of liver function in over 100 treatment 
courses of various combinations of prednisone, cyclophosphamide, and plasmapheresis Tor pa- 
tients with HCV-associated MPGN (49). In contrast to hepatitis B, case reports of fulminant hep- 
atitis during or after withdrawal or high-dose immunosuppressive therapy have been scarcely re- 
ported in HCV infection (78-80). 

Prednisone, when given for a short period of time (1-6 nionths) has been associated with 
reduction in serum transaminase levels. However, such treatment has been shown to increase 
viremia in patients with chronic hepatitis C (81-83). Despite these findings, rebound hcpatitis has 
not been observed after completion of therapy. Furthermore, when corticosteroids were combined 
with IFN-a for 1 year in patients with HCV-associated MC, no elevation of HCV RNA levels or 
deterioration of liver function was detected (68). 

Extrapolating from these limited data, certain recommendations regarding the treatment of 
HCV-associated MC can be made. For patients with mild disease without major organ involve- 
ment, such as skin disease, arthralgias, or GN with stable renal function, a trial of antiviral treat- 
ment such as F N - a  at a dose of 3 million units three times a week for 6-12 months is recom- 
mended. In patients with TFN-a-resistant manifestations, concomitant short courses of 
coi-ticosteroids with rapid tapering may be warranted. For sevcre disease, such as MPGN with 
worsening renal function or nephrotic syndrome, digital necrotic ulcers, scvcre neuropathy (pe- 
ripheral or central nervous system), or other major organ involvement (cardiac, gastrointcstinal, 
etc.), combination therapy with corticosteroids, oral cyclophosphamide (2 mg/kg/day), plasma- 

(3 times a week for 2-3 weeks), and antiviral treatment is appropriate (49). Close mon- 
itoring of liver function, HCV RNA levels and cell counts is essential in these patients. Physicians 
should also be aware that IPN-a, probably through its immunomodulatory or antiangiogenic 
properties, may occasionally lead to worsening of the MC manifestations (84-89). The role of 
other imnunosuppressive (cyclosporine) (90,91) or antiviral (ribavirin) therapies remains to be 
defined. 

. Hepatitis C Virus-Associated Medium- and Large-Vessel Vasculitis 

In contrast to thc strong association between HCV and cryoglobulinemic vasculitis, HCV has 
been rarely associated with PAN-like vasculitis (8% in selected HCV-positive populations) 
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(92-94). A causal relationship cannot be clearly established sincc some of these patients were co- 
infected with HRV (92) or had evidence of cryoglobulinemia (94). 

Ferracioli et al. (95) recently reported a case of a paticnt with HCV infcction and classic 
temporal arteritis. Biopsy of the temporal artery revealed infiltration of the media by a mono- 
clonal R-cell population. A similar oligoclonal B-cell population was found in a salivary gland 
biopsy. Occasionally, involvcmcnt of the vasa vasorum of the temporal arteries in paticiits with 
HCV-associated MC can lead to a temporal arteritis-like clinical presentation (96). 

AL INF~CTIONS 

Among human retroviral infections, both the human immunodeficiency virus type 1 (HIV- 1) and 
the human T-cell lymphotropic virus type 1 (HTLV-1) have been associated with vasculitic con- 
ditions. Both viral infections share many similar epidemiological and microbiological features 
but differ significantly in their clinical manifestations. 

an ~mmuno~eficien~y Virus Type 1 

1. ~ p ~ d ~ ~ ~ o l o g y  
Human immunodeficiency virus type 1 (HIV-1 or HIV) is a common infection worldwide. It has 
been estimated that since the early 1980s over 40 million individuals have contracted HIV infec- 
tion. In 1997 alone nearly six million became inl'ected. 

The primary clinical mani festations result from opportunistic infections and malignancies, 
which thrive as a result of a virus-mediated immunosuppressive state. There has also been a wide 
array of autoimmune and rheumatic complications reported in HIV-infected patients (97). Among 
lhese complications are numerous c a m  of vascular inflammatory disease (98). The frequency of 
rheuniatic complications in general and vasculitis specifically is difficult to asccrtain. The only 
longitudinal study of these complications has suggested that vasculitis is indeed rare in this set- 
ting, being observed in less than 2% of infected cases (99). Despite the rarity of vasculitis in HIV- 
infectcd patients, its mere presence is important on both clinical and pathophysiological grounds. 
Clinically, it is challenging to select suitable therapies for an inflammatorylautoimmune disease 
in the setting of an immunodeficiency state. Pathophysiologically, the presence of vasculitis in pa- 
tients with a chronic persistent viral infection provides an important opportunily for investigation 
of mechanisms of disease. 

2. C ~ i ~ i c a l  Findings 
Numerous forms of vascular inflammatory disease have been reported in HTV-infected patients 
(Table 4). Unlike other forms of virus-associated vasculitides, such as those observed in the set- 
ting of hepatitis B and C, the clinical syndromes associated with HIV are highly heterogeneous. 
This hetcrogeneity combined with the fact that most HIV-infected individuals are also coinfected 
with a variety of other pathogens, including HCV, HBV, cytomcgalovinis (CMV),  and others, 
raises questions regarding relative importance oC each pathogen, therapeutic agents, and immune 
dysfunction. 

Despite the marked clinical heterogeneity and the limited available pathophysiological 
data, there are a few clinical themes that stand out. The most frequent vasculitic syndrome en- 
countered in the HIV patient population is that of a PAN-like syndrome (108). Font et al. (108) 
reported four cases, reviewed an additional 26 from the literature, and compared these cases to 
previously described non-HIV-infected PAN cases. They pointed out that most cases tended not 
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Table 4 

Necrotizing vasculitis (98,100-1 10) 
Leukocytoclastic vasculitis (98,106,111-1 15) 
Cutaneous polyarteritis nodosa (I 16) 
Eosinophilic vasculitis ( 1  17,118) 
Churg-Strauss vasculitis ( I  19) 
FIenoch-Schonlein purpura (98,106,120) 
Isolated angiitis of the CNS (98,121) 
Behcet’s syndrome (122-124) 
Erythsma nodosuin (1 25) 
Cryoghbulinem?d (1  26- 128) 
Zidovudine-induccd leukocytoclastic vasculitis ( 129) 
Angiocentric immunoproliferative disorders (98,130,13 1) 
Benign lyrriphncytic angiitis (98,130) 
Lymphomatoid granulomatosis (98,102,130,132,133) 
Angiocentric lyniphoma (98,130) 

Vasculitides Associated with HIV Infection 

to becomc multisystemic or life threatening and tended to resemble PAN limited to muscle and 
nerve. We would concur with these impressions. A second feature is the frequent presence of dig- 
ital necrosis (1O7,l OX, 1 10,134) associated with vessel narrowing, beading, and occlusion on an- 
giography. 

A second propensity for vasculitis in the setting of HIV infection is for CNS involvement, 
which has been reported with and without systemic disease (98). Similar to the helerogencity en- 
countered in the systemic vasculitides in the setting of HIV infection, the spectrum of CNS angi- 
itis is heterogeneous as well. One common theme throughout the CNS angiitis and HIV infection 
literature is that of angiocentric lymphoproliferdtive lesions. Sevcrd cases of angiocentric lym- 
phoproliferative disease reminiscent of lymphomatoid granulomatosis have been reported in 
HIV-infected patients (132,133). Each case has demonstrated an inflammatory process that is an- 
giocentric and lyrnphocytic with varying degrees o€ cellular atypia. Some observers have sug- 
gested that these cases merely represent primary CNS lymphomas, with histological variation 
from one field to another. The clinical manifestations of these cases have reflectcd multifocal 
cerebral ischemia and the neuroradiographic findings have ranged from normal to multiple mass 
lesions. A second theme found throughout the CNS angiitis and HIV infection literature is that of 
an association with varicella zoster infection (1 35,136). Similar to varjcella zoster infection in the 
non-HIV-infccted individual, this infection can be associated with a spectrum of CNS vascular 
disease (135). At one extreme a,re examples of classic, contralateral, delayed hemiplegia follow- 
ing herpes zoster ophthalmicus infection, a disorder overrepresented in the HIV-infcctcd popula- 
tion (135,136). At the other end of the spectrum is a diffuse CNS angiitis occurring in temporal 
association with systemic varicella zoster infection (135). The pathology of this diffuse arteritis 
may be granulomatous or nongranulomalous. Attempts to identify varicella zoster virions in the 
inflammatory infiltrates have generally been unrewarding. This should not be surprising since 
varicella zoster is difficult to identify in vasculitic lesions in cases of documented infection within 
the central nervous system (1 35). As noted above, the precise pathophysiological mechanisms 
linking varicella zoster to systemic or central nervous system vasculitis are not fully understood. 

Aside from these presentations, a variety of other clinical-pathological syndromes havc 
been rcported in this setting, including classic granulomatous angiitis of the CNS (12 I), CNS vas- 
culitis with macrotaneurysms (137), and others (98,137). 
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3. Diagnosis 
Given the wide spectrum of vasculitic syndromes reported in association with HIV infection, the 
ability of KIV disease to remain subclinical for many years and the growing prevalence of the in- 
fection, clinicians must have a high index of suspicion to accurately make the diagnosis. Over- 
reliance upon a history of high-risk behavior, such as male homosexuality and intravenous drug 
use, will lead to underdiagnosis of thc infection. Given the profound ramifications of an underly- 
ing HIV infection on both the prognosis and the use of immunosuppressive therapies, a strong ar- 
gument cax be made for a routine screening for HIV as well as other blood-borne pathogens in 
most patients with suspected systemic or central nervous system vasculitis. Standard testing in- 
cludes the tandem use of screening by enzyme-linked irnmunosorbant assay (ELISA) and confir- 
mation by Western blot. False-positive ELTSA and indeterminate Western blots have been re- 
ported in the setting of systemic vasculitis and other connective tissue diseases. Confirmatory 
testing by detection of plasma HIV RNA may at times be necessary. 

4. Pathophysiology 
In a recent report of eight HIV-infected patients by Ciisselbrecht et al. (1 lo), a meticulous cliili- 
cal evaluation strongly ruled out the possibility of the confounding factors (coinfections and mul- 
tiplc therapies) in seven of their cases. Through deductive reasoning, it was suggested that HIV 
may have served as the major etiological Factor in these cases. In a pathophysiological investiga- 
tion, Gherardi et al. (106) identified HIV virions by immunohistochemistry and electron mi- 
croscopy in thc perivascular infiltrates of two patients with a PAN-like picture involving muscle 
and nerve. The clinical significance of the detection of the virions in the inflamed tissue could not 
be directly ascertained. Other cases where HlV has bcen searched for in vascular inflammatory 
lesions haw not been revealing (109,130). Aside from a direct role for HIV in causing vascular 
injury and inflammation, another potential but indirect mechanism is HIV-mediated immune ac- 
tivation. It has been postulated that the persistent statc of abnormal immune activation that ac- 
companies HIV infection may play a central role in vasculitis as well as other autoiminune man- 
ifestations encountered in the HTV-infected population (1 38). Evidence of  such aberrant immune 
activation includes overexpression of cellular activation markers such as HLA-DR and CD38 on 
CD4 and CD8 lymphocyte populations as well as the detection of elevated levels of inflammatory 
cytokines, including TNF-a and intcrlcukin-(IT,- I j throughout thc natural history of the disease. 

5. Treatment 
The treatment of HIV-associated vasculitis with irnmunosupprcssive agcnts must be pursued with 
caution. Managcmcnt should include consultation with a physician experienced in the trcatmcnt 
of HIV disease, There are no controlled data on any therapeutic agents in this setting. Anecdotal 
case reports of successful treatment with corticosteroids, cytotoxic agents including cyclophos- 
phamide, and intravenous imrnunoglobulin havc all been rcportcd. The rccent report of Ciissel- 
brccht et al. (1 10) of eight patients with HiV-associated vasculitis is the largest single published 
experience. The majority of patients in their serics had PAN-like diseasc with prominent in- 
volvement of ncrve and musclc. While thc treatment protocols were somewhat heterogeneous, the 
majority were treated with a combination of plasma exchanges and antiretroviral therapy, which 
was associated with a favorable outcome in most patients. The rationale for this therapy stems 
from their experience with a similar prolocol for treating vasculitis associated with HBV and 
HCV. These two pathogens, like HIV, and also chronic persistent infections associated with vas- 
culitis. Overall in the setting of HIV infection, it is prudent to avoid high-grade immunosuppres- 
sive therapy if at all possible, but in cases of life-thrcatening vasculitis, such therapy inay be nec- 
essary for brief periods of time (1 08,134). 
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. Human T Lymphotropic Virus Type 1 

Human T lymphotropic virus type 1 (HTLV-I), a human retrovirus that was initially discovered 
as the causative agent of adult T-cell leukemia, is a member of the oncoretroviridae family ( I  39). 
Human T lymphotropic virus type 1 infection occurs primarily in endemic arcas in southwestern 
Japan, the Caribbean basin, parts of Africa, and the southeastern United States (139). The virus 
is transmitted in a similar fashion to HIV- 1, but unlike HIV infection, only about 1 % of infected 
patients ever develop clinical disease, most notably adult T-cell leukemia or HTLV-1 associated 
myelopathy (HAM) (140). Similar to HIV infection, HTLV-1 is also associated with a wide vari- 
ety of autoimmune and rheumatic disorders. Prominent among these are HTLV- 1 arthropalhy, 
which may include marked joint swelling with bone and joint destruction, and Sjogren’s syn- 
drome (139,141). 

Several inflammatory vascular diseases have also been described in association wilh HTLV- 
1 infection, though these appear to be less prevalent than in HIV-1 infection. Both cutaneous and 
CNS vasculitis have occasionally been reported in the setting of HTLV-1 infection (142,143). The 
most distinctive vascular inflammatory disease associated with HTLV-1 appears tobe one confined 
to the eye, which includes both uveitis and retinal vasculitis (144,145). In this syndromc, patients 
present with blurred vision associated with the acute onset of mild inflammation of the vitreous 
followed by mild iritis and retinal vasculitis. The disease appears to respond well to corticosteroids. 
Sagawa et al. (144-146) have recently demonstrated the presence of HTLV-1 infected T cells in 
the ocular lesions. T-cell clones established from these lesions were dually positive for CD4 and 
CDX and produced high amounts of TNF-a andIL-6. These investigators have suggested that these 
activated T cells are responding to yet unrecognized retinal antigens (144-146). 

Central nervous system vascular disease is the most common form(s) of varicclla zostcr virus 
(VZV)-associated vasculitis. Less common patterns of presentation include retinal, localized 
skin, or hypersensitivity-type vasculitides (Table 5). 

. Central N~rvous System Involvement 

Martin et al. (147) have proposed a classification of VZV-associated CNS vasculopathies based 
on pathological findings from autopsy cases (see Tablc 5). 

erpes Zoster Opht~almicus 
Epidemiology. Herpes zoster ophthalmicus (HZO), the most common clinical CNS syn- 

drome associated with VZV, is a unilateral, predominantly large-vessel vasculitis that develops 
4--6 weeks after cutaneous VZV infection of the head or neck (usually V, distribution) (148,149). 
Typically, the vascular involvement is ipsilateral to the site of skin involvement. Herpes zoster 
ophthalmicus has been mainly reported in the elderly, with 65% of the cases involving patients 
older than 60 (average = 61 years) (1 50), although there have been scattered cases involving chil- 
dren (15 l). The exact frequency of the syndrome is unknown, since large prospective sludics in 
elderly patients with herpes zoster infection have not been done. In children, a study from Japan 
estimated the frequency of HZO after primary VZV infection (varicella) at 1 :6500 (152). Clear 
estimates of its frequency are also complicated by the fact that in some patients, there is no an- 
tecedent history of a typical herpes zoster rash (153). The mean delay between slun manifesta- 
tions and the appearance of the neurological symptoms is approxirnately 3 1 days (range 1 week 
to 2 years) (150). The syndrome has been reported both in immunocompctent and immunosup- 
pressed individuals (135,136,150). 



578 Vassilopoulos and Calabrese 

ble 5 VZV-Associated Vasculopathiesa 

Clinical syndrome Localization of vascular lesions Vessel involvement 

CNS vasculopathy 
Arteritis 

Herpes foster ophthalmicus 
(I-J.w 

Disseminated 
Angiitis 
Vasculopathy (noninfhnmatory) 
Iieti nal vascul i ti s 
Acute retinal necrosis 

Other forms of vasculitis 
Cutaneous granulomatous vasculitis 

Small-vessel vasculitis (hypersensi- 

Kawasllki disease 
tivity) 

Localized involvement contralat- 
eral to the VZV skin involve- 
merit 

Disseminated CNS involvement 
Disseminated CNS involvement 
Disscininatcd CNS involvement 

Superficialfdeep dermis 

Arinsnower extremities 

Coronary artery aneurysms 

Large 7 small arteries 

Small >> large arteries 
Small arteries = small veins 
Small >> large artcries 

Retinal arteries 

Small capillaries/venules of 

N/A 
the skin 

Coronary arteries 

“Abbrcviations: CNS = central nervous system, VZV = variccUa 7x)ster virus, NIA = not applicable. 
Source: Modified from Ref. 147. 

Cfinicnl Fi’ndings. The typical clinical presentation of patients with HZO consists or the 
acute onset of contralateral hemiparesis, aphasia, or hemianesthesia, I month after the resolution 
of the cutaneous herpes zoster lesions (148). In approximately 40% of the cases, mental status 
changes are observed. Headache (14%), fever (6%) or constitutional symptoms are uncommon 
findings. Involvement of cranial nerves occurs in 45% of the cases, most coinrnonly ‘affecting the 
V11 nerve (150). Usually the disease follows a monophasic course with most patients gradually 
improving, although recurrent or progressive disease patterns have been described. Mortality 
rates up to 25% have been reported ( I  48). 

Brain imaging studies such as computed tomography (CT) or cere- 
bral angiography are abnormal in the majority of the patients (68 and 95%, respectively) (150). 
A CT scan of the brain usually reveals infarcts in the deep gray matter or internal capsule, in the 
distribution of the middle cerebral artery, or its deep penetrating branches, in the hemisphere con- 
tralateral to the herpes zoster infection (148). Siinilar findings have been observed using magnetic 
resonance imaging (MRI) of the brain (153). Cerebral angiography shows unilateral, segmental 
circumfercntially symmetrical narrowing of the proximal segments of the middle, anlerior, and 
less commonly of the posterior cerebral or internal carotid artery ( 149,154,155). 

Analysis of the cerebrospinal fluid (CSF) is abnormal in almost all cases (96%) ( 1  50). The 
most coininon finding is a lymphocytic pleocytosis with usually less than 100 white blood 
cells/mm’ prescnt (95%) (148,150). Increased protein is detected in two-thirds of the patients 
( 150). Although helpful, these abnormalities are nol specific for VZV-related meritis, since up to 
60% of patients with cutaneous herpes zoster infection of the head or neck have similar abnor- 
malities (1 56). 

Similarly, increascd titers of antibodies against VZV have been detected in the serum and 
CSF of patients with HZO (148). Increased intrathecal production of IgG antibodies against VZV 
has been demonstrated also (151,153). The use of the polymerase chain reaction (PCR) for the 
detection of viral DNA in CSF has not been extensively studied in patients with HZO. 111 somc 
cases, VZV DNA was detected ( 157) in CSF whereas in others the PCR was negative ( IS 1,153). 

Laburutury Findings. 
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Whether these discrcpancies reflect differences in the timing of CSP examination or sensitivity of 
assays is unclear. 

Several histological analyscs of vessel specimens obtained from biopsies or autopsies char- 
acteristically show scgmental infiltration of the vessel by lymphocytes or histiocytes that may be 
associated with fibrinoid necrosis (148) and/or multinucleated giant cells with granuloma forma- 
tion. Different size arteries (sinall/medium/large) can be involved and have fragmentation of the 
elastic lamina. Electron microscopy studies have identified viral inclusion bodies in infiltrating 
histiocytes ( I  58) or smooth muscle cells (1 59) of the arterial wall. 

Most or the patients who have been reported did not receive therapy ( I SO). 
Few patients who were treated with acyclovir andor corticosteroids had stabilization or im- 
provement of their neurological status ( 1  50). Considering the monophasic course of illness and 
its favorable outcome in the majority of cases, it is difficult to make firm reconmendations for 
treatment. In cases with severe or progressive involvement, combination therapy with cortico- 
steroids and acyclovir (orally or intravenously) is warranted. 

Treatment. 

ther Forms of Central Nervous System Involvement 
A disseminated CNS artcritis involving mainly sinall arteries without any particular anatomical 
location related to a previous herpes zoster infection has been described (140-165). In contrast to 
HZO, the arteritis occurs predominantly in immunocornpromised patients following dissemi- 
nated herpes zoster infection (147). Patients typically present with mental status changes such as 
confusion, lethargy, or hallucinations that can be associated with focal neurological deficits. A CT 
scan of the brain shows evidence of inultiplc infarcts of different ages, whereas histological find- 
ings consist of a disseminated inflammatory CNS arteritis involving predoininantly small arter- 
ies (147). The prognosis of these patients is poor, mainly due to their underlying systemic illness 
(Hodgkin’s disease, acquired immunodeficiency syndrome [AIDS], etc.). 

A similar clinical syndrome, involving predominantly imnunocompetent individuals and 
characterized histologically by a disseminated vasculitis affecting small arteries as well as veins 
has also been reported (1 47,160,166-1 70). A previous history of herpes zoster infection was pres- 
ent in most cases. A granulomatous angiitis with frequent involvement of the leptomeningcs was 
the most common histological finding (147). Immunohistochemical and PCK studies of the in- 
volved vessels have revealed the prcsence of viral proteins aidlor in one case DNA (170). 

In contrast to these VZV-related inflammatory CNS vasculitides, a noninflammatory vas- 
culopathy involving small and large cerebral arteries has been described predominantly in im- 
munocompromised patients (135,164,171-173). Following herpes zoster infection, patients de- 
velop an encephalitis-like picture with mental status changes, seizures, or focal neurological 
deficits. Multifocal ischemic or hemorrhagic lesions located in the white matter or at the 
white-gray matter junctions can be scen in CT or MRI scans of the brain (135,164,171-173). 
Pathologically, “multifocal leukoencephalitis”4ike lesions with areas of infarction and demyeli- 
nation are characteristic. Using immunohistochcmistry, VZV antigens can easily be detected in 
the media of the affected arteries. Occasionally Cowdty type-A inclusions can be found in glial 
or ependymal cells. These findings suggest a direct effect of VZV in the affected arteries follow- 
ing disseminated viremia and encephalitis in immunocomnpromised hosts. 

Whether the above pathologically defined syndromes actually represent distinct clinical en- 
tities with separate patliophysiological mechanisms or just reflect a spectrum of host rcsponses to 
a disseminated viral insult is unclear. 

etinal Vasculitis 

Varicella zoster virus is probably the most common etiological agent associated with the dcvel- 
opment of the acute retinal necrosis (ARN) syndrome (174). The syndrome is characterized by 
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the development of a necrotizing retinitis accompanied by vitreous inflammation, optic neuropa- 
thy, and retinal arteritis (174). It initially involves one eye but can subsequently involve the other 
cyc in 35-50% of the cases. Following an initial acute inflammatory phase that lasts 1-3 months, 
a second phase manifesting by retinal detachment occurs in 7585% of the cases (174). Arteritis 
involving the arteries of the retina, iris, choroid, ciliary body, and optic nerve is typically found. 
Different modes of VZV identification, including direct viral culture, I F  detection of VZV anti- 
gens in intraocular fluid specimens or biopsy material, and detection of VZV DNA by PCR, have 
been employed (174). Most reported cases involve immunocompetent hosts with or without pre- 
vions history of herpes zoster infection. In AIDS patients, a rapidly progressive form of the dis- 
ease associated with miniinal inflammation has been described (termed progressive outer retinal 

Therapy with intravenous or intravitreal antiviral agents (acyclovir or gancyclovir) in con- 
syndrome) (175-177). 

junction with topical and oral steroids is recommended (174). 

tker Forms of Varicella Zoster Virus-Associated Wasculitis 

A hyperscnsitivity-type vasculitis manifested by a typical purpuric rash and arthritis has been re- 
ported during the incubation period of varicella infection (I 78). Lesions subsided spontaneously 
without therapy. Langenberg et al. ( 1  79) have described a localized cutaneous granulomatous 
vasculitis at the areas of previous herpes zostcr infection in a patient with HTV infection. Rc- 
cently, Kuijpcrs et al. (1 80) reported the case of a 2-year-old patient who developed a typical pres- 
entation of Kawasaki disease following an acute VZV infection (chickenpox). 

Parvovirus or B 19 virus is a small DNA virus, that has becn identified as the causative agent of 
erythema infectiosum or fifth disease and has been increasingly associated with a number of di- 
verse clinical manifestations (1 8 1,182). Vasculitidcs affecting small, medium, and large vessels 
have becn reported. Although there is a definite association with hypersensitivity-type vasculitis, 
its potential role in other forms of systemic vasculitides is still debated. 

A. Small-Vessel Vasculitis 

1. ~ p i ~ e m i o l o ~ y  
Thirteen cases of parvovirus-associated small-vessel vasculitis involving predominantly the skin 
have been reported in the literature over the last 15 years (183-190). Half of the cases involved 
children (range 5-1 1 years). There was no evidence of gender preference. The appearance of the 
purpuric rash usually coincided with the onset of the second phase of the illness which was char- 
acterized by arthralgia, arthritis, or rash, and 1gM and later IgG antiviral antibodies (Fig. 3) (191). 
Given the numerous outbreaks and epidemics of fifth disease worldwide, one can assume that 
small-vcsscl vasculitis is an unusual complication of this viral infection. On the other h'and, since 
a search for parvovirus is not commonly performed during the evaluation of patients with hyper- 
sensitivity vasculitis, its true incidence remains unknown. 

2. Clinical Findings 
Almost all patients presented with purpuric rash involving predominantly the lower extremities 
(183-1 90). Polyarthralgias (54%) and fevcr (61 5%) were common symptoms, whereas in three 
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Figure 3 Parvovirux-associated hypersensitivity vasculitis, Abbreviatlons: au = arbitary units, TgM = irn- 
munoglobulin M, IgG = imiwwglobulin G. (Modified from Ref. 191.) 

cases severe abdominal pain (23%) was present, resembling Henoch-Schonlein purpura (1 83, 
185,188). In most cases, the symptoms were transient and disappeared in few days to weeks. Only 
in one patient, who was coinfected with HTV, did the disease follow a relapsing course lasting al- 
most 6 months (189). 

The timing and pattern of vasculitic involvement observed in these patients suggests an im- 
mune complex-mediated process. Parvovirus has been identified by immunohistochemical and 
electron microscopy studies in the endothelial cells of small skin vessels in patients with various 
skin manifestations of acute B 19 infection (192,193). Furthermore, its putative receptor, globo- 
side or Gb4. has been identified in human endothelial cells (194). These findings imply a direct 
role for the virus in the vasculitic process. 

3. Laboratory Findings 
Since most of the vasculitic symptoms appear during the second or antibody-response phase, the 
majority of the reported cases had IgM antibodies against B19 on presentation whereas in one 
case the antibodies appeared 1 week later (187). In many cases, IgG antibodies were also de- 
tected. Sensilive techniques of  viral DNA isolation, such as PCR or dot blot hybridization, were 
positive in two cases (187,189). Interestingly, in the case of the HIV-coinfected patient, only PCR 
of material taken from a biopsied vasculitic lesion was positive while serum was negative (189). 
In two cases, C4 levels were low, further suggesting an immune coniplex-mediated mechanism 
(184,188). 

4. ~ c a t ~ e n t  
Almost all patients with l3 19-associated sinall-vessel vasculitis improved spontaneously without 
treatment. The patient with concomitant HIV infection, was treated intermittently with oral cor- 
ticosteroids and, after recurrence of his vasculitic lesions, intravenous immunoglobulin (IVIG) 
(1 89). 
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- and Large-Vessel Vascuiitides 

Parvovii-us has been implicated recently in as a potential etiological agent for medium- and large- 
vessel vasculitides, such as PAN, Wegener’s granulomatosis, Kawasaki disease, and giant cell ar- 
teritis . 

Four cases of PAN associated with parvovirus have been described (three of them being 
children) (1 95-1 97). In all cases, the diagnosis was established by the presence of IgM antibod- 
ies and/or positive PCR for viral DNA. In three of these cases, the disease ~ollowed a chronic 
course lasting several months (196,197). Three patients were initially treated with conventional 
iinniunosuppressive therapy, including prednisone and cyclophosphamidc, but only one re- 
sponded. Two of the resistant cases were treated successfully with WIG (196) whereas the other 
one responded to intravenous iloprost (197). Following these initial intriguing reports, Lerucz- 
Ville et al. (198) retrospectively analyzed sera from 38 patients with early PAN (55% HBsAg+) 
but did not find any patient with evidence of recent parvovirus infection. 

Similarly, four cases of patients with Wegener’s granulomatosis and associated parvovirus 
infection have been identified (196,199,200). Nikkari et al. (201) utilized a PCR technique to 
screen a population of 42 adult patients with Wegener’s granulomatosis for the presence of par- 
vovirus DNA without success. 

Although case reports (202,203) and a small study from ltjly (204) suggested parvovirus 
as a common etiological agent for Kawasaki disease, subsequent reports from different groups in- 
cluding large numbers of patients, did not substantiate these initial findings (205-208). Never- 
theless, parvovirus may play a role in some cases of Kawasaki disease. 

The recent demonstration of a cyclic pattern of fluctuation in the incidence of giant cell ar- 
teritis (GCA) (209), raised reasonable questions about the potential role of infectious agents, par- 
ticularly viruses, in its pathogenesis. Staud et d. (210) first reported a typical case of GCA de- 
veloping after posttransfusion infection with parvovirus. Extending their initial epidemiological 
observations, the group From Mayo Clinic examined temporal artery specimens for the presence 
of €319 DNA, using PCR (21 1). Fifty-four percent of the positive speciinens for GCA dernon- 
strated evidence of viral DNA. Even though these findings do not prove causality between B 19 
infection and GCA, they cmphasizc the need for further studies. 

Cytomegalovirus-associated vasculitis occurs almost exclusively in immunocornpromised hosts 
(212). Usually the vasciilitic process is confined to a specific organ, such as skin, CNS, lungs, or 
gastrointestinal (GI) tract. In severely immunocompromised hosts, disseminated vasculitis may 
also occur. Case reports of CMV-associated vasculitis in patients with underlying systemic dis- 
eases. such as Wcgcncr’s granulomatosis (213,214) or systemic lupus erythematosus (SLE) (215), 
emphasim the need for early diagnosis and aggressive antiviral treatment for this condition. 

Cytomegalovirus is a ubiquitous P-herpesvirus that causes an asymptomatic, latent infection in 
the majority of immunocoinpetent hosts. Fifty to 100% of the general population has IgC anti- 
CMV antibodies, indicating prior exposure to the virus. In contrast to the benign course of pri- 
mary infection in healthy individuals, primary or reactivation of latent CMV infection is associ- 
ated with significant morbidity and mortality in immunosuppressed hosts. These include organ 
transplant recipients, patients with ATL)S or various hematological malignancies, and patients re- 
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ceiving chronic immunosuppressive therapy. The characteristic tropism of the virus for the cn- 
dothelial cells probably accounts for a number of the observed clinical syndromes in these groups 
of patients (21 6). So, it is not unusual that a number of cases of CMV vasculitis have been re- 
ported in these patient populations (21 21, although its exact incidence is unknown. 

In iminunocompetent hosts, lhere have been only rare case reports of CMV-associated vas- 
culitis affecting the skin or GI tract (212,217-220). Hogarth et al. (220) did not observe the char- 
acteristic cytomegalic cells with intranuclear inclusions (“owl’s eye”) in any of the skin biopsies 
from 37 consecutive patients with leukocytoclastic vasculitis. The authors acknowledge, though, 
that serological tests for CMV were performed in only 13% of the cases. Unless prospective stud- 
ies are performed, utilizing the latest techniques in virus detection, the true incidcncc of CMV- 
associated vasculitis in immunocompetent hosts will remain speculative. 

Skin involveincnt in patients with CMV-associated vasculitis have been reported both in im- 
munocompromised (212) and immunocompetent hosts (217,218,220). A spectrum of skin mani- 
festations has been described ranging from typical purpura to necrotic ulcers. In immunosup- 
pressed patients, skin biopsy reveals the presence of cytomegalic cells (e.g., evidence of activc 
endothelial CMV infection) (212). Interestingly, in “healthy” individuals, changes typical or leu- 
cocytoclastic vasculitis with occasional C3 deposits in the absence of direct CMV infection are 
seen (220). 

Gastrointestinal vasculitis due to CMV occurs frequently in patients with advanced AIDS 
and transplant recipients. Typically, patients present with fever, abdominal pain, and diarrhea, 
suggestive of underlying colitis (21 2). Occasionally, the upper GI and the billiary system can be 
affected. Both small and mediurn-sized vessels of the bowel wall are involved in the vasculitic 
process, most likely due to active endothelial infection by the virus. Ailani et al. (219) recently 
reported a case o S  a young healthy inan who presented with signs of abdominal ischemia and 
widespread venulitis and thrombophlebitis in the resccted bowel wall. Evidence of active CMV 
infection was established by the prescnce of CMV-IgM antibodies and positive blood cultures for 
CMV. 

Central nervous system involvement by CMV has been documented in autopsy studies in 
2-13% of patients with AIDS. Vasculitis usually occurs in the setting of accompanying en- 
cephalitis, demyelinating lesions, or radiculomyelitis (2 12). Whether vasculitis is the primary 
process in these conditions is niiclear. Koeppen et al. (221) described elegantly the pathological 
picture of a widespread necrotizing CNS angiitis involving both arteries and veins in a patient 
with lymphoma and CMV infection. Vascnlitic lesions were present even in areas without obvi- 
ous parenchymal involvement. 

Recently, Henry et al. (222) reported five cases of patients with advanced AIDS who pre- 
sented with alveolar hemorrhage and displayed evidence of pulmonary capillaritis in lung biop- 
sies. Characteristically, giant cytomegalic cndothelial cells were present ‘and were associated with 
microangiopathic hemolytic anemia. 

Physicians dealing with immunosuppressed patients who present with localized or disseminated 
vasculitis face the challenging task of trying to identify a causative agent among numerous bac- 
terial, viral, fungal, or parasitic candidates. The development of new methods for CMV isolation 
and culture from various specimens can be extremely helpful to the clinician (223). In general, 
isolation of CMV indicates active infection; it does not always prove that the virus is the cause of 
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a specific 
new onsei 
vasculitic 

clinical syndrome. Application of these newer techniques in patients presenting with 
I vasculitides of unknown etiology as well as in those with flares of a known underlying 
process may prove to be of significant clinical importance. 

D. Treatment 

Once the diagnosis of CMV-associated vasculitis has been made, prompt initiation of treatment 
with antiviral agents (e.g., gancyclovir or foscarnet) is imperative. In patients who receive im- 
munosupprcssive therapy, rapid tapering or these agents is also important. Because of their poor 
overall status, the prognosis of patients with CMV vasculitis despite antiviral therapy remains 
poor. 

PSTEIN-BARR VIRUS 

Epstein-Ban virus (EBV) has been recognized as a possible cause of leukocytoclastic vasculitis 
(224,225), CNS vasculitis (226), Kawasaki disease (227-232), and recently, large-vessel artcritis 
(233-236). Some authors have also suggested a role for EBV in pulmonaiy lyinphomatoid gran- 

Hoffman and Franck (224) first reported a case of leukocytoclastic vasculitis occurring dur- 
ing the course of acute infectious mononucleosis in an adult. Lande et al. (225) reported a case in 
a child. C3 and C4 levels were low in both cases, whereas in one case, granular deposition of im- 
munoglobulins were observed in the vessel walls from skin and kidney biopsies (225), suggest- 
ing an immune complex- mediated process. Both cases experienced spontaneous improvement. 

In contrast to the benign course of leukocytoclastic vasculitis associated with acute EBV 
infection, chronic EBV infection has been linked to coronary arteritis manifested by coronary 
aneurysms (Kawasaki disease-like) (229-23 1 ), which in some cases was accompanied by arteri- 
tis of the large vessels of the thorax and abdomen (233-236). All the cases with large-vessel in- 
volvement were from Japan where chronic EBV infection is more common. Affected patients fol- 
lowed a rapidly progressive course leading to death. Autopsy studies revealed dilatation of the 
coronary arteries and large vessels with prominent lymphocytic infiltrates of the arterial wall. The 
majority of the infiltrating cells were T cells containing EBV genornic material. It is unclear if 
this large-vessel arteritis actually represents a form of EBV-associated angiocentric T-cell lym- 
phoma. 

, a disease that may be a form of T-cell lymphoma (237). 

IX. ~ € ~ P € S  SIMPLEX VIRUS TYPES 1 AND 2 

Cutaneous vasculitis (238-240), retinal vasculitis (241,242), and a widespread necrotizing vas- 
culitis of small/medium-sized arteries (243) have been reported in association with herpes simplex 
virus (HSV) types I and 2 infections. Most patients with HSV-associated cutaneous vasculitis pre- 
sented with localized persistent papular lesions in a zosteriform distribution. Interestingly, a gran- 
ulomatous vasculitis of small shn  vessels was observed in four of six patients (239,240), similar 
to the one observed in post-herpes zoster cutaneous vasculitis. Polymerase chain reaction of skin 
biopsy material confirmed the presence of HSV in two cases (240). In the other two cases, a leuko- 
cytoclastic vasculitis with cvidence of active endothelial infection by HSV was found (238). 

Retinal vasculitis in association with HSV-1 and -2 has been reported to occur both in im- 
munocompetent (242) and immunosuppressed (241) individuals. Usually the patients present 
with a necrotizing retinitis that resembles ARN (241). The application of PCR techniques aids in 
the early diagnosis and aggressive treatment of these patients. 
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Leukocytoclastic vasculitis involving skin vessels and presenting with purpuric rash has been 
demonstrated in four cases of hepatitis A infection (241,244-247). Cutaneous vascul 
oped either during the acute (two cases) (245,247) or relapsing (two cases) phase (12,246) of hcp- 
atitis A infection. Patients with relapsing hepatitis A infection also had evidence of circulating 
cryoglohulins and/or rheumatoid factor. The possibility of an underlying HCV infection cannot 
be ruled out entirely in these cases, since testing for HCV was not available at that point. All but 
one patient, who required a short course of corticosteroids, improved spontaneously in a few 
wccks. 

XI. ELL 

Two cases of hypersensitivity vasculitis, one involving a 7-month-old boy and one a 33-year-old 
man, have bcen reported in  association with rubella infection (248,249). In both cases, an immune 
complex-mediated mechanism was postulated. Riikonen (250) reported a case of optic neuritis 
with characteristic findings of retinal vasculitis in a 13-year-old girl following rubella vaccina- 
tion. 

EOUS VIRUSES 

Isolated cases of localized or systemic vasculitides have been described in association with cer- 
tain viruses, mainly based on serological evidence of virus infection. These include cases of 
Kawasaki disease with parainfluenza (25 1 ) or adenovirus (4) infection, leukocytoclastic vasculi- 
tis with hantaviim (252) or echovirus-7 (253) inkction, Hcnoch-Schbnlein purpura with Cox- 
sackie B 1 infection (254), and systemic vasculitis associated with measles (255) or Coxsackie B4 
virus infection (256) (see Table 1 j. Whether these represent meaningful pathogenic associations 
or coincidental findings is unclear. 

As the number of techniques that are used for viral isolation expand and new viruses arc discov- 
ered, one would expect that novel associations between viruses and various localized or systeinic 
vasculitic syndromes will be found. For the time being, physicians evaluating patients with vas- 
culitis must be aware of the characteristic clinical and laboratory findings of the known virus-as- 
sociated vasculitides. Early and accurate diagnosis of these conditions will facilitate appropriate 
therapy and may allow avoidance in certain cases of immunosuppressive regimens. Controlled 
therapeutic trials in conditions such as HCV-associated cryoglobulinernic vasculitis are needed in 
order to identify more efficacious and less toxic therapies. 
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1. INTRODUCTION 

A widc variety of bacterial and fungal infections may give rise to true vasculitis either by direct 
extension of a localized focus of infection or hematogenous seeding of normal and abnormal 
blood vcsscls. Thc first section of this chapter summarizes the forms of vasculitis that can be pro- 
duced by many common bacterial and fungal pathogens. Subsequent sections focus on specific 
microorganisms that have a predilection to directly infect blood vessels. 

II. BACTERIAL AND FUNGAL VASCULITIS 

Vasculitis secondary to bacterial or fungal infections is usually the result of direct extension of a 
localized focus of infection to involve a blood vessel. Certain bacteria and fungi have a propen- 
sity to invade the vessel wall from a contiguous focus. The suppurative process initially involves 
the adventitia and subsequently spreads inward leading to destruction of the vessel wall and 
thrombosis. Invasion and necrosis of blood vessels is a prominent feature of necrotizing pneu- 
monia due to bacteria such as Rseudomonas aeruginosa (1) and Legionella pnerrrnophila (2). 
Vasculitis may also be seen adjacent to areas of necrotizing granulomatous reactions caused by 
inycobacterial or fungal pathogens and may mimic Wegener’s granulomatosis pathologically. An- 
gioinvasion and tissue infarction are characteristic of Aspergillus and Mucor infections that occur 
in severely iimnunocomproinised patients (3) .  Infectious vasculitis may also develop in superfi- 
cial cerebral vesscls in association with bacterial, mycobacterial, or fungal meningitis. Vasculitis 
can be a particularly prominent feature of meningitis due to Coccidioides immitis (and occasion- 
ally other fungi) and can mimic primdry central nervous system vasculitis (43). In patients with 
active tubcrculosis, direct extension from contiguous infected lymph nodes, lung abscess, other 
viscera, or bone can rarely give rise to tuberculous aortitis (6-8). 

Infective vasculitis may also arise frotn hematogenous dissemination of bacteria or fungi 
from a clinically obvious focus of infection or from an unidentified portal of microbial entry. This 
form of infective vasculitis is thought to result from either septic embolization to the vase vaso- 
rum or direct microbial invasion of a normal or previously damaged vessel wall during bacteremia 
or fungemia. In medium to large arteries, the resulting lesion is often referred to as a “mycotic 
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aneurysm.” This term was first used by William Osler to describe the infective arterial lesions seen 
in subacute hacterial(not fungal) endocarditis. The term “aneurysm” is also a misnomer as many 
times this infective arterial lesion does not result in true aneurysm formation. Although mycotic 
aneurysms may occur in any vessel, they most frequently develop in the aorta, intracranial, supe- 
rior mesenleric, and femoral arteries (9-1 1). In large arteries such as the aorta, septic emboli may 
lodge in the relatively large vaso vasorum, leading to suppurativc infection and ischemic necro- 
sis of the vessel wall. In smaller vessels, such as intracranial arteries, septic emboli may lodge in 
the vessel lumen and initiate a similar pathogenic process. Anatomical sites predisposed to my- 
cotic aneurysm formation are arterial bifurcations, arteriovenous fistulae, coarctations, and ath- 
erosclerotic vessels. 

in the prcantibiotic era, most cases of mycotic aneurysms were due to infective endocardi- 
tis. With the advent o€ antibiotics and the decline in rheumatic heart disease, mycotic aneurysms 
associated with infective endocarditis have become less prevalent. Currently, niycotic aneurysms 
more commonly arise in older individuals when clinically obvious or occult bacteremia “seeds” 
a preexisting atherosclerotic lesion. The aorta, which is a frequent site of atherosclerosis, is also 
the most frequent site of this form of infectious arteritis (12-14). This type of mycotic aneurysm 
is rare; in one series of 820 consecutive patients who underwent surgery for aortic aneurysm, only 
five were found to be infected (1 3) .  Mycotic aneurysms may also occur in intravenous drug users, 
especially if they perform arterial injections. 

A. Clinical Features 
When mycotic aneurysms occur in the setting of infective endocarditis, rnanifcstations of thc un- 
derlying infection usually dominate the clinical picture. However, it should be noted that many of 
the nonspecific clinical features of bacterial endocarditis (c.g., fever, myalgias, cutaneous lesions, 
anemia, and elevated erythrocyte sedinientation rate [ESR]) may mimic polyarteritis nodosa or 
other systemic vasculitis syndromes. Intracranial mycotic aneurysms due to infective endocardi- 
tis are ofteii clinicLaUy silent and resolve with appropriate antimicrobial thcrapy. When rupture oc- 
curs, patients usually exhibit severe headache and rapid deterioration in mental status. The time 
betwecn diagnosis of infective endocarditis and aneurysm rupture in one report was variable 
(0-35 days) with a mean time of 18 days (1 1). In some cases, rupture may be preceded by the de- 
velopment of focal neurologic deficits or seizures. The microorganisms most frequently associ- 
ated with rnycotic aneurysms in infective endocarditis are staphylococci and streptococci. 

The clinical presentation of mycotic aneurysms not associated with infective endocarditis 
can be indolent and nonspecific [e.g., unexplained fever, weight loss, and back, abdominal, or 
chest pain) or acute and catastrophic (aneurysm rupture with hemorrhage). A mycotic aneurysm 
should be suspected in an elderly patient or intravenous drug user who has no signs of endo- 
carditis, but who nonetheless has persistently positive blood cultures, despite appropriate antibi- 
otic therapy. The etiological agents of primary mycotic aneurysms differ from those secondary to 
infective endocarditis. Staphylococcus uureus or gram-negative bacilli (chiefly Salmonella 
species) are responsible for the majority of primary mycotic aneurysms (14-14). Fungal arterial 
infections are rare and characteristically occur in chronically immunosuppressed patients or in in- 
dividuals who inject illicit drugs (17). 

Clinically distinct forms of infectious vasculitis involving small cutaneous vessels can be 
associated with certain types of bacteremia. Ecthyma gangrenosum is a cutaneous lesion com- 
monly associated with Pseudomonas aeruginosa bacteremia in neutropenic patients. However, 
bacteremia with gram-negative organisms other than I? aaruginosu can produce this same lesion 
(1 8). Ecthyma gangrenosum begins as a 1 - to S-cm macular lesion that rapidly develops a halo of 
induration and erythema and a central area of necrotic ulceration (see color insert. Fig. 40.1). A 
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biopsy of the lesion reveals direct vascular invasion by bacilli with thrombosis of the vessel. Ec- 
thynia-li ke lesions can also be seen in inmunocompromised patients who develop disseminated 
infection with Nocardia, Aspergillus, and Mucor species ( 3 ) .  Bacteremia with Neisseria rnenin- 
gitidis is often associated with characteristic maculopurpuric skin lesions distinct from ecythyma 
gangrenosum. Biopsy ofthis skin lesion demonstrates endothelial necrosis, vasculitis, and throm- 
bosis. Large numbers of N. meningitidis organisms are seen both in endothelial cells and being 
phagocytized by neutrophils. 

B. Diagnosis 

There are no specific laboratory abnormalities associated with any of the above forms of bacter- 
ial or fungal vasculitis. The diagnosis of  vasculitis resulting from extension of a localized focus 
of infection is made by demonstrating organisms within the lesion by histopathological tech- 
niques and culture. The diagnosis of small-vessel cutaneous vasculitis associated with certain 
forms of bactercmia or fungemia is best made by biopsy and demonstration of organisms within 
the lesion. 

When mycotic aneurysms occur in the setting of infective endocarditis, positivc blood cul- 
tures and findings that indicate an underlying cardiac disease are usually present. In patients with 
infective endocardi tis who develop neurological symptoms, computerized tomography (CT) is 
useful to rule out intracranial hemorrhage from a ruptured mycotic aneurysm. The diagnosis of 
intracranial mycotic aneurysms is best made by four-vessel cerebral arteriography (Fig. 2); how- 
ever, magnetic resonance imaging (MRI) angiography may soon become a safer alternative to 
standard arteriography. 

Patients with infected aortic aneurysms usually have leukocytosis, but this can also be seen 
with rupture of noninfcctcd aneurysms. Blood culturcs are positive in 50-100% of cases (9,14). 
Evidence of a primary focus of infection (such as pneumonia or osteomyelitis) may be found in 
up to 46% of cases (19). The CT findings of perianeurysmal fluid collection, enhancing inflam- 
matory mass, or gas in the aortic wall are suggestive features of infection, but CT scanning often 
cannot distinguish an infected from bland aneurysm. Preoperative angiography is useful to fully 
delineate the extent of the aneurysm and plan the operative approach. 

Figure 2 Cerebral arteiiogram (AP view) showing a mycotic aneurysm (arrow) of the anterior temporal 
branch of the middle cereberal artery secondary to Aspergillus infection in an immunocomprornised patient. 
(Courtesy of Drs. Holland and Patronas, National Institutes of Health, Dethesda, MD.) 
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In the case of vasculitis resulting from extension of a localized focus of inrection or cutaneous 
vasculitis associated with septicemia, the primary mode of treatment is with antimicrobial ther- 
apy directed against the specific pathogen. 

There is no uniformly acceptable approach to the treatment of mycotic aneurysms that 
occur in the setting of  infective endocarditis. Most of the available studies that address this issue 
deal with intracranial mycotic aneurysms. One review of 45 patients with infective endocarditis 
and intracranial mycotic aneurysms found that over 50% of aneurysms resolved with antibiotic 
therapy (20). In this review, there seemed to be no clear-cut advantage of combined antibiotic and 
surgical therapy over antibiotic therapy alone. Olher series have reported better survival with 
combined surgical and antibiotic therapy (1 1 J7). Most authorities would agree that serial an- 
giography should be performed every 2 weeks, and surgical therapy is indicated for intracranial 
aneurysms that increase in size or fail to resolve after 4-6 weeks of appropriate antibiotic ther- 
apy. The optimal approach to aneurysms that decrease in size on repeat angiography is unclear. 

The mortality rate for patients with infected atherosclerotic aneurysms is high, and suc- 
cessful treatment requires combined surgical and antibiotic therapy. Although organism-specific 
antibiotic therapy is essential, prompt surgical therapy is critical for survival and should not be 
delayed in an attempt to “sterilize” the aneurysm before resection and vascular reconstruction. 
The standard surgical treatment of infected aortic aneurysms includes complete debridement of 
all infected tissue followed by extraanatomical bypass. However, recent reports suggest that thor- 
ough debridement of infected tissue followed by in situ reconstruction can be successful in se- 
lected patients (21). 

111. SYP~ILIS 

Syphilis is a complex systemic infection produced by the spirochete Treponew pallidurn. 
Syphilis can be acquired by sexual contact, passage through the placenta, direct inoculation, or 
blood vansfusion. The vast majority of cases are transmitted via sexual intercourse. There has 
been a rise in the numbcr of cases of syphilis in recent years, primarily due to the increasing prac- 
tice of exchanging sex for drugs and the concomitant epidemic or human immunodeficiency virus 
(HIV) infection. Pathological findings of endarteritis and periarteritis can be found in all three 
clinical stagcs of syphilis. However, aortitis and cerebrovascular disease are the clinically most 
important forms of syphilitic vasculitis. Although rare today, cardiovascular syphilis was respon- 
sible for 10-15% of all cardiovascular disease in the prepenicillin era (22). 

A. Clinical Features 

Syphilitic aortitis, the classic vascular lesion of tertiary syphilis, usually develops 10-30 years 
alier the initial infection and typically involves the ascending aorta. This lesion is often asymp- 
tomatic, but symptoms such as substernal chest pain, congestive heart failure due to concomitant 
aortic valvular insufficiency, and angina secondary to coronary ostial stenosis occur in 20-25% 
of patients (22,23). Aneurysm formation in the thoracic aorta occurs in 5-10% of patients (24,25). 
The histopathological findings of syphilitic aortitis are characterized by adventitial fibrosis, oblit- 
erative endarteritis of the vasa vasorum, rcplacement of the media by vaScUlariZed scar tissue, and 
a lymphoplasmacytic infiltrate throughout the vessel wall (26). Only rarely can 7: pallidurn or- 
ganisms be detected in this lesion. 

Cerebrovascular syphilis is a recognized cause of stroke in young individuals. This form of 
syphilitic arteritis usually develops 6-1 0 years after the primary infection and typically involves 
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medium-sized vessels leading to ischemic stroke. There may be a prodromal history of neuro- 
logical symptoms, such as headache, vertigo, and personality changes, that precedes the stroke by 
weeks to months. Because there is often diffuse as well as focal endarteritis, patients often pres- 
ent with signs of encephalopathy superimposed on focal neurological deficits (27). Several case 
reports suggest that concomitant HIV infection may be associated with increased incidence of 
neurosyphilis syndromes and a decrease in the time from initial infection to presentation of neu- 
rosy phi 1 is (22). 

B. Diagnosis 
There are no clinical or radiographic features that reliably distinguish syphilitic aortitis from 
other causes of aortitis. Thus, the diagnosis of cardiovascular syphilis can only be made serolog- 
ically. In contrast to primary and secondary syphilis, the nontreponemal reaginic tests (VDRL, 
RPR) can be negative in late cardiovascular syphilis (28).  Specific trcponemal tests, such as flu- 
orescent antibody absorbed test (FTA-abs) or 7: pallidurn hemagglutination assay (TPHA) are 
positive in the majority (>YO%) of caws (28). 

The diagnosis of cerebrovascular syphilis should be suspected when stroke OCCLKS in an in- 
dividual with a prior history of syphilis, in young individuals, and in patients with concomitant 
HrV infection. Angiographic findings are nonspecific and there is no "gold stcandad'' for the di- 
agnosis of this form of neurosyphilis. Most patients are diagnosed based on a combination of  the 
reactive serology described above, cerebrospinal fluid (CSF) abnormalities (increased protein, 
lymphocytic pleocytosis), and a positive CSF VDRL. The CSF VDRL has high diagnostic speci- 
ficity for neurosyphilis but is only reactive in 30-70% of cases (29). A reactive CSF FTA-abs or 
TPHA is not specific for neurosyphilis, but negative rcsults may be useful for ruling out neu- 
rosyphilis. Because reactive CSF FTA-abs or TPHA have been seen in patients with syphilis who 
have no signs or symptoms of neurological disease, positive tests are not diagnostic of neu- 
rosyphilis. However, a negative CSP FTA-abs or TPHA may be useful for ruling out neuro- 
syphilis. 

C. Treatment 
The effect of antibiotic treatment on syphilitic aortitis is unclear. It is known that aortitis heals 
with scar formation, and antibiotic treatment may hasten this process (23). The currently recom- 
mended treatment regimcn is three doses of 2.4 million units of benzathine penicillin given at 
weekly intervals (30). For treatment of cerebrovascular syphilis, the currently recommended reg- 
imen is intravenous aqueous penicillin G 3-4 million units cvery 4 h for 10--14 days (30). 

IV. LYME DISEASE 

A. Clinical Features 
Lyme disease is a multisystem, tick-borne disease caused by the spirochete Borrelia hurgdorfiiri 
and is endemic to inany parts of the United States and Europe (31). Lyme disease usually begins 
with a characteristic skin lesion, known as erythema migrans, that occurs at the site of the tick 
bite. Days to weeks after the appearance of the erythema migrans, the organism hematogcnousl y 
disseminates to many different sites, particularly the nervous system, heart, and joints. During 
this phase, patients frequently experiencc a nonspecific influenza-like illncss with fever, myalgia, 
and headache. Weeks to months later, untreated patients may develop joint, cardiac, or ccntral 
nervous system (CNS) disease. The most common neurological manifestations of Lyme disease 
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are meningitis, subtle signs of encephalitis, cranial neuritis, motor or sensory radiculopathy, or 
myelitis. Very rarely, CNS vasculitis has been reported as a neurological manifestation of Lyme 
disease (32-34). 

Lyme disease is usually diagnosed by recognition of the typical clinical picture combined with 
serological confirmation of infection with B. burgdorferi. Serological testing may be negative in 
the first few weeks of infection, but the majority of patients will have detectable antibody after 
that time. The major limitations of serological tests are that they cannot reliably distinguish ac- 
tive from inactive infection and there is considerable interlaboratory variation. For a more coni- 
plete discussion of the diagnostic liniitations of serological testing for Lyme disease, the reader 
is referred elsewhere (31,35). Patients with suspected Lyme diseasc who develop signs of diffuse 
CNS disease or stroke should have a lumbar puncture, MRI, and possibly MRI angiography or 
standard four-vessel cerebral angiography to rule out CNS vasculitiq (Fig. 3). 

C. Treatment 

The treatment of choice for CNS Lyme disease is ceftriaxone 2 g per day or cefotaxime 2 g every 
8 h (36). The minimum duration of therapy should be 2-4 weeks. 

V. RICKETTSIAL INFECTIONS 

Members of the family Rickettsiaceae are fastidious bacterial pathogens that are obligate intra- 
cellular parasites. They are maintained in nature through a cycle involving rescrvoirs in mamnals 
and insect vectors. With the exception of louse-borne typhus, humans are incidental hosts and are 
not necessary for propagation of the organism in nature. The Rickettsiae can he broadly divided 

Figure 3 Cerebrd arteriogram from a 32-year-old male with CNS vascuiitis secondary to Lyme disease. 
Dramatic beading (arrow) typical of vasculitis is seen. (Courtesy of Dr. Marqites. Natioiial Institutes of 
Health, Bcthesda, MD.) 
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into spotted fever and typhus groups based on antigenic and growth characteristics. With the ex- 
ception of Q fever, the pathogenesis of both the spotted fever and typhus groups is small-vessel 
vasculitis caused by proliferation of the organisms in endothelial cells. The geographical distri- 
bution of selected rickettsial infections are suininarized in Table 1. 

A. Clinical Features 

During the appropriate season, the triad of fever, headache, and rash should alert the physician to 
the possibility of rickettsial infection. In Rocky Mountain spotted lever (RMSF), fever, headache, 
malaise, myalgias, nausea, and vomiting are frequent nonspecific manifestations during the first 
2-3 days of illness. Rash usually appears during the third to fifth day of fever and is characterized 
by pink-red macular lesions on the wrist and ankles. These lesions spread centripedially and be- 
come maculopapules that blanch with pressurc. Up to 10% of patients with RMSF may not de- 
velop a rash. If unrecognized and untreated, patients develop widespread microvasculitis with in- 
creased vascular permeability, leading to edema, azotemia, andor pulmonary edema. Significant 
encephalitis due to cereberal microvasculitis occurs in up to 25% of patients. Lumbar puncture 
frequently shows CSF pleocytosis and elevated protein but the glucose is usually normal. 

Epidemic typhus is characterized by the abrupt onset of fever, prostration, and headache. 
Maculopapular rash appears by the fifth day of fever, initially involves the axillary folds but later 
spreads to the trunk and extremities, and can become petechial and confluent. Photophobia and 
conjunctivitis are frequently seen. Untreated patients frequently develop fatal multisystem in- 
volvement with azotemia. Murine typhus resembles epidemic typhus but the clinical course is 
milder and mortality i s  less than 1% even without treatment. 

Boutonneuse fever and the other spotted fevers are characterized by rash, fever, and, in most 
cases, the formation of an eshcar at the site of tick bite. These infections generally follow a less 
severe course than RMSF or epidemic typhus. However, the case fatality rate for Boutonneuse 
fever ranges from 1-5.6% (37). 

B. Diagnosis 

Rickettsial illnesses are usually diagnosed on clinical grounds with subsequent serological confir- 
mation. Serological evidence of infection does not occur until at least the second week of illness; 
thus, therapy must be instituted based on clinical diagnosis. In RMSF, detection of organisms in 
biopsies of skin lesions by direct imunofluorescence can be used for rapid diagnosis (38). 

Table 1 

Disease Organism Geographic distribution 

Suminary of the Geographic Distribution of Selected Rickettsioses 

Spotted fever group 
RMSFa R. rickettsii Western hemisphere 
Boutonneuse fever R. conorii Africa, Mediterranean, India 
Queenskand tick typhus R. australis Australia 
Rickettsial pox K. akari United States, Russia, Korea, Africa 

Epidemic typhus R. prownzekii South America, Africa, Asia, United States 
Murine typhus R. typlzi Worldwide 
Scrub typhus K. tsutsugamushi South pacific, Asia, Australia 

Typhusgroup 

aRocky Mountain spotted fever. 
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C. Treatment 

The treatment of choice for RMSF and epidemic typhus is doxycycline 100 mg every 12 h for 
7-10 days (RMSF) or until the patient is afebrile (epidemic typhus). For young children or preg- 
nant women, chloramphenicol(50-75 mgkg every 6 h) can be used, but anecdotal reports sug- 
gest this is less effective therapy than doxycycline. The same regimens can be used for other rick- 
ettsial infections. Ciprofloxacin (750 mg twice a day for 5 days) is an alternative for the treatment 
of Boutonneuse fever. 

RASlTlC INFECTIONS 

Vasculilis has only rarely been reported as a manifestation of parasitic infections and, in most 
cases, other manifestations of the infection dominated the clinical picture. Localized pulmonary 
vasculitis has been associated with ceitain parasitic infections such as Dirofilaria imrnitis and 
Wuchereria species. In dirofilariasis, the adult worm can embolize in a pulmonary artery, oc- 
cluding the lumen and resulting in localized lung infarction. A granulomatous reaction surrounds 
the infarcted area and the pulmonary vessel in the center of the infarction may show changes of 
vasculitis. These lesions usually present as localized pulnionary nodules (with or without respi- 
ratory symptoms) and the diagnosis is made following resection and pathological examination 
(39). Similar forms of localized pulmonary vasculitis have been reported with Wuchereria infec- 
tion (40). 

VII. VASCULITIS DUE TO ABERRANT IMMUNOLOGICAL REACTIONS 
BACTERIAL, FUNGAL, AND PARASITIC INFECTIONS 

Small-vessel vasculitis with predominantly cutaneous involvement has been indirectly linked to 
a wide variety of bacterial, fungal, and parasitic infections (41). In the majority of cases, there 
was a temporal association between infection with a common pathogen and the occurrence of 
small-vessel vasculitis. However, only rarely is there direct evidence for a casual relationship be- 
tween the infection and the vasculitis syndrome. In many cases, it is likely that either the tempo- 
ral relationship of vasculitis and infection was coincidental or due to a hypersensitivity reaction 
to antimicrobial drugs used to treat the infection. One situation in which an excessive immune re- 
sponse to a bacterial pathogen is likely responsible for vasculitis is erythema nodosum leprosum 
(ENL). This syndrome affects nearly half of the patients with lepromatous leprosy and occurs fol- 
lowing the initiation of antimicrobial therapy. The most frequent clinical manifestations are 
painful cutaneous nodules that usually ulcerate, neuritis, fever, uveitis, and occasionally glomeru- 
lonephritis. Erythema nodosum leprosum may occur any time within the first 2 years of treatment 
(42). Unlike other forms erythema nodosum, ENL is histologically an acute vasculitis. The vas- 
culitis is thought to be due to immune complex deposition, local increase in T-helper-cell-type- 
l-mediated immunity, or a combination of these and other factors (43,44). Short courses of cor- 
ticosteroids effectively treat most cascs. Thalidomide (100-300 nig per day) may be used for 
managing recurrent episodes of ENL. 

REFERENCES 

1. Soave R, Murray H, Litrenlu M. Bacterial invasion of pulmonary vessels: Pseudomonas hacteremia 
mimicking pulmonary thrornboembolism with infarction. Am J Med 1978; 65:864-867. 



Bacterial, Fungal, and Parasitic Infection 607 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 

1 1 .  
12. 

13. 

14. 

IS. 

16. 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 

25. 

26 

27 

25 

29. 
30. 

Win11 WC Jr, Myerowitz RL. The pathology of the Legionella pneumonias: A review of 74 cases and 
the literature. Hum Pathol 1981; 12:401-422. 
Whcat L. Fungal infections in the immunocompromised host. In: Rubin R, Young L, eds. Clinical Ap- 
proach to Infection in the Compromised Host. 3rd ed. New York: Plenum, 199421 1-237. 
de Carvalho CA, Allcn JN, Zafranis A, Yatcs AJ. Coccidioidal meningitis complicated by cerebral ar- 
tcritis and infarction. Hum Pathol 1980; 11:293-296. 
Kobayashi RM, Coel M, Niwayama G, Trauner D. Cerebral vasculitis in coccidioidal meningitis. Ann 
Neurol 1977; I :281-284. 
Mally A, D’Souza C, Dwivedi S, Shatapathi P. Pulmonary tuberculosis with multiple saccular 
aneurysms of the aorta: A case report. Angiology 1990; 41333-336. 
Goldbauni ‘TS, Lindsay J, Jr., Levy C, Silva CA. Tuberculous aortitis presenting with an aortoduode- 
ndl fistula: A case report. Angiology 1986; 37:s 19-523. 
Sung CS, Leachman RD, Lufschanowski R, Milam JD, Hougen ML. Tuberculous aneurysms of the 
aorta. South Med J 1979; 723750-752. 
Anderson CB, Butcher HR, Jr., Ballinger WF: Mycotic aneurysms. Arch Surg 1974; 109:712-717. 
Feigl D, Feigl A, Edwards JE. Mycotic aneurysms of the aortic root: A pathologic study of 20 cases. 

Frazee JG, Cahan LD, Winter J. Bacterial intracranial aneurysms. J Neurosurg 1980; 53633-641. 
Reddy DJ, Shepard AD, Evans JR, Wright DJ, Smith RF, Emst CB. Management of infected aortoil- 
iac aneurysms. Arch Surg 1991 ; 126873-878; discussion 878-879. 
Bitseff EL, Edwards WH, Mulherin JL, Jr, Kaiser Al3. Infected abdominal aortic aneurysms. South 
Med J 1987; 80:309-312. 
Wang JH, 1,iu YC, Yen MY, ChenYS, Wann SR, Cheng DL. Mycotic aneurysm due to non-typhi sal- 
monella: report of 16 cases. Clin Infect Dis 1996; 23:743-747. 
Brown SL, Busuttil RW, Baker JD, Machleder HI, Moore WS, Barker W!2. Bacteriologic and surgical 
deterininants of wrvival in patients with rnycotic aneurysms. J Vasc Surg 1984; 1541-547. 
Jarrett F, Darling RC, Mundth ED, Austen WG. Experience with infected aneurysms of the abdominal 
aorta. Arch Sui-g 1975; 110:1281-1286. 
Barrow DL, Prats AR. Infectious intracranial aneurysms: Comparison of groups with and without en- 
docarditis. Neurosurgery 1990; 27:562--572; discussion 572-563. 
Young L. Fever and septicemia. In: Rubin R, Young L, eds. Clinical Approach to Infection in the Com- 
promised Host. 3rd ed. New York Plenum, 1994:67-104. 
Bennett D, Cherry J. Bacterial infection of aortic ancurysms: A clinicopathologic study. Am J Surg 
1967; 113:321. 
Bingham WE Treatment of niycotic intracranial aneurysms. J Neurosurg 1977; 46:428-437. 
Chiba Y, Muraoka R, Ihaya A, Kimura T, Morioka K, Nara M, Niwa H. Surgical treatment of infected 
thoracic and abdominal aortic aneurysms. Cardiovasc Surg 1996; 4:476-479. 
Singh AE, Ronianowski B. Syphilis: Review with emphasis on clinical, epidemiologic, and some bio- 
logic features. Clin Microbiol Rev 1999; 12: 187-209. 
Kampmcicr R. The latc manifestations of syphilis: Skeletal, visceral, and cardiovascular. Mcd Clin 

is: A clinicopathologic autopsy study of 100 cases. Circulation 1964; 

Kampmeier R. Saccular aneurysm of the thoracic aorta: A clinical study of 633 cases. Ann lntern Med 
1938; 12524451. 
Lie JT. Infection related vasculitis. In: Churg A, Churg J, eds. Systemic Vasculitides. Tokyo: Igaku- 
Shoin, 1991 :243-255. 
Coyle PK, Dattwyler R. Spirochetal infection of the central nervous system. Infect Dis Clin North Am 

Tramont E. Treponeina pallidum (syphilis). In: Mandell C,  Bennett J, Dolin R, eds. Principles and 
Practice of Infectious Diseases. New York Churchill Livingston, 1995:2127-2129. 
Scheck DN, Hook EW Ill. Neurosyphilis. Infect Dis Clin North Am 1994; 8:769-795. 
Cenlcrs for Disease Control and Prevention. Guidelines for treatment of sexually transmitted diseases. 
Morbid Mortal Weekly Rep 1998; 47:28-49. 

Chcst 1986; 90:553-557. 

29:349-355. 

1990; 4:731-746. 



608 Sneller 

3 1. Nadelman RB, Wormser GP. Lyme boi-reliosis. Lancet 1998; 352557-565. 
32. Brogan GX, lloman CS,  Viccellio P. The enlarging clinical spectrum of Lyme disease: Lyine cerebral 

vasculitis, a new disease entity. Ann Emerg Med 1990; 19:572-576. 
33. Veenendaal-Hilbers JA, Perquin WV, Hoogland PH, Doornbos L. Basal meningovasculitis and occlu- 

sion of the basilar artery in two cases of Bori-elia burgdorfen infection. Neurology 1988; 38:1317- 
1319. 

34. Midgard R, Hofstad H. Unusual manifestations of nervous system Borrelia burgdorferi infection. Arch 
Neitrol 1987; 44:781-783. 

35. Tugwell P, Dennis D'r, Weinstein A, Wells G, Shea B, Nichol G, Hayward R, Lightfoot R, Baker P, 
Steere AC. Laboratory evaluation in the diagnosis of Lymc disease. Ann Intern Med 1997; 127:1109- 
1123. 

36. Wormser GP. Treatment and prevention of Lyme disease, with emphasis on antimicrobial therapy for 
neuroborreliosis and vaccination. Semin Neurol 1997; 17:45-52. 

37. Raoult D, Zuchelli P, Weiller PJ, Charrel C, San Marco JL, Gallais H, Casanova P. Incidence, clinical 
observations and risk factors i n  the severe form of Mediterranean spotted fever among patients admit- 
ted to hospital in Marseilles 1983-1984. J Infect 1986; 12:lll-116. 

38. Woodward TE, Pedersen CE, Jr., Oster CN, Baglcy LR, Romberger J, Snyder MJ. Prompt confirma- 
tion or Rocky Mountain spotted fever: Identification of rickettsiae in skin tissues. J Infect Dis 1976; 

39. Ro JY, Tsakalakis PJ, White VA, Luna MA, Chang-Tung EG, Green L, Cribbett L, Ayala AG. Pul- 
rnonary dirofilariasis: The great imitator of primary or melastatic lung tumor. A clinicopathologic 
analysis of seven cases and a review of the literature. Hum Pathol 1989; 20:69-76. 

40. Bcavcr PC, Fallon M, Smith GH. Pulmonary nodule caused by a liviiig Brugia mdayi-like Maria in an 
artery. Am J Trop Med Hyg 1971; 20:661466. 

4 1 .  Somer T, Finegold SM. Vasculitides associated with infections, immunization, and antimicrobial 
drugs. Clin Infect Dis 1995; 20:lOlO-1036. 

42. Gclber R. Leprosy. In: Mandell G ,  Bennett J, Dolin R, eds. Principles and Practice of Infectious Dis- 
eases. New York Churchill Livingston, 1995;2243-2205. 

43. Scollard DM, Bhoopat L, Kestens L, Vanham G, Douglas JT, Moad J. Immune complexes and anti- 
body levels in blisters over human leprosy skin lesions with or without erythcma nodosum leprosum. 
Clin Iminunol Immunopathol 1992; 63:230-236. 

44. Sreenivasan P, Misra RS, Wilfred D, Nath I. Lcpromatous leprosy patients show T helper 1-like cy- 
tokine profile with differential expression of interleukin-10 during type 1 and 2 reactions. lmmunol- 

134:297-301. 

Ogy 1998; 95:529-536. 



eumatoid Arthritis 

Edward D. Harris, jr. 
Stanford University School of Medicine, Stanford, California 

~CTIQN AND EPIDEMIOLOGY 

Systemic vasculitis in rheumatoid arthritis (RA) can be considered, in very simplistic terms, as a 
“spillover” into extraarticular tissues of very severe synovitis. Fortunately, this complication of 
rheumatoid arthritis is rare. Some of its forms of presentation are very serious and life threaten- 
ing; others are more benign. Management of the complication of vasculitis in the context of se- 
vere articular disease is often challenging and difficult. 

An attempt to estimate the incidence of rheumatoid vasculitis has been made by Watts et al. 
(1). During a period of 6 years, attempts were made in a relatively closed population of over 
400,000 adults to identify all patients with newly diagnosed systemic rheumatoid vasculitis that 
included nail bed infarcts, usually a benign process. The results showed an overall annual inci- 
dence of 12.5 per niillioii (59% CI = 8.5-17.7). The incidence in men exceeded that in woinen. 
Despite the fact that RA occurs two to three times more frequently in women than in men, vas- 
culitis occurred approximately four times more often in men. The annual incidence rate for men 
was 15.8 pcr million (95% CI = 9.5-24.7) and 9.4 per million (95% CI = 4.8-16.4) for woinen. 
In contrast, the annual incidence of RA within a similar population has been estimated to be 140 
per million in men and 360 per million in women (2). In practical terms relevant for practioners, 
the probability of having many patients in a practice who have rheumatoid vasculitis is small. In 
a survey of 290 rheumatologists practicing in the United Slates, it was estimated that those physi- 
cians who saw 15-50 rheumatoid arthritis patients each week saw fewer than five RA patients 
with all forms of vasculitis in 1 year (3) .  

The clinical and laboratory features that predict an increased risk for systemic vasculitis de- 
veloping in rheumatoid patients are male gender, extraarticular features, a severe course of joint 
disease, and, most important, high concentrations of rheumatoid factor (4). 

The importance of rheumatoid factor as a pathogenic factor in rheumatoid vasculitis is dis- 
cussed in subsequent sections. The intriguing discordance between the higher incidence of vas- 
culitis in men, when there is a greater frequency of rheumatoid arthritis in women, remains a mys- 
tery. Watts ct al. (1)  have calculated that there is a lifetime risk of developing systemic rheumatoid 
vasculitis for a patient with RA of 1 in 9 for men and 1 in 38 for women. This may seein to be 
high numbers, hut it must be remembered that when many authors refer to “vasculitis” in RA they 
include digital infarcts, a complication that is inuch more common than systemic forms involv- 
ing internal organs or the nervous system. 

What is the incidence of systemic rheumatoid vasculitis compared with other forms of vas- 
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culitis? In a study from the United Kingdom, the annual incidence of polyarteritis nodosa has 
been estimated at 4.6 per million (5) ,  whereas an estimate of annual frequency in the United 
States, determined at approximately the same time, was 9.0 per million (6). In the Nonvich, 
United Kingdom, population of 414,000 in 1994, it is apparent that Wegener’s granulomatosis 
with an annual incidence of 8.5 per million and systemic rheumatoid vasculitis are the most com- 
mon of this genre (7). 

I!. CLINICAL FEATURES 

No one knows why rheumatoid arthritis localizes to the joints, but it is very evident that blood 
vessels are intimately involved in pathogenesis of the disease. It is the microvasculature of syn- 
oviuni that very early in the disease develops activated endothclial cells expressing adhesion mol- 
ecules enabling lyniphocytes, macrophages, and polymorphonuclear (PMN) leukocytes to ad- 
here, bind, and work through the vessel wall into the synovium for perpetuation and amplification 
of the rheumatoid process (8). Why are vessels not equally involved in other tissues‘? Thc answer 
is unknown, but must relate to an arthritogenic antigen that is, as yet, unknown. In the patients 
who do develop systemic vasculitis, excluding pulmonary fibrosis and rheumatoid nodules and 
other manifestations of proliferative granulomata, clinical manifestations may include 

Digital arteritis (splinter hemorrhages to gangrene) 
Cutaneous ulceration (including pyoderma gangrenosum) 
Palpable purpura (i.e., leukocyloclastic vasculitis) 
Peripheral neuropathy 
Myopathy 
Arteritis of viscera (heart, lungs, bowel, kidney, liver, spleen, pancreas, lymph nodes, and 

Central nervous system (CNS) vasculitis 
testis) 

One example of systemic vasculitis in a rheumatoid patient gives a clear picture of the substrate 
and common findings: 

Picture a 58-year-old man who acutely developed RA associated with low-grade fevers 
and severe stiffncss with abundant synovial proliferation in the PIPJ, MCPJ, wrists, and feet. 
The laboratory tests revealed a hemoglobin of 10.2 g/dL, mild thrombocytosis, whitc blood 
ccll count of 10,380/mm3 with a blight predominance of granulocytes and an excess (7%) of 
eosinophils, an erythrocyte sedimentation rate of 62 rnmk and C-reactive protein of 3.4 
mg/dI, (normal <0.6), rheumatoid factor positive at high dilutions, negative FANA, and a nor- 
mal urinalysis. He was treated first with NSAlDs, then with 10 mg methotrexatc each wcek. 
The disease was resistant to therapy. Within several months, rheumatoid nodules appeared on 
both olecranon processes, and prednisone 5 mg/day was addcd to the therapy. After 2 years of 
aggressive therapy including niethotrexate, 17.5 ing each week, sufasaladne, and hydroxy- 
chloroquine, he dcvcloped significant joint destruction and was placed on a surgeon’s list for 
a total knee replacement. 

He telephoned his primary care physician when he began to notice tingling in the lateral 
aspects of his right calf and ankle, and a tendency to stub his toe. On examination he was found 
to have decreased sensation over the right lateral calf and heel. Strength of the extensors of his 
right forefoot and toes was estimated to he at 2 on a scale of 5. Reflexes were decreased slightly 
at the right knee and ankle. His joint examination was unchanged and indicative of bevere pro- 
liferative and destructive synovitis. 

1 aboratory tests revealed a slight leukocytosis, moderate anemia, normal urinalyqis, 
normal renal and liver function, an erythrocyte sedimentation rate of 84 mm/h and a C-reac- 
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tive protein of 2.3 mg/dL. Chest radiographs showed mild basilar fibrosis. A sural nerve and 
adjacent muscle biopsy was performed; the nerve showed fibrosis and atrophy of several fas- 
cicles of the nerve, and fibnnoid necrosis in the walls of small arterioles in bolh the nerve and 
adjacent muscle. 

This cxaniple is one of mononeuritis multiplex, and is typical of rheumatoid patients with 
vasculitis. The evidence for vasculitis gradually appeared, superimposed upon severe joint dis- 
ease and high titers of rheumatoid factor. This subgoup represents fewer than 1% of patients with 
RA. The findings on biopsy, usually of skin or muscle, range from mild perivascular infiltration 
with inflammatory cells to fibrinoid necrosis and immunoglobulin deposits in vessel walls with 
infarctions within the distal vascular beds. Even in small-vessel involvement (e.g., in obliterative 
endarteritis of the finger) immune complex deposits have been demonstrated in vessel walls (9). 
Uninvolved skin from rheumatoid patients is positive for immunoglobulin (Ig) and complement; 
the presence of IgG correlates directly with circulating immune complexes, vasculitic skin le- 
sions, subcutaneous nodules, and very high titers of rheumatoid factor. Nonspecific findings in 
patients with RA that should warn the physician about the possibility of a developing vasculitis 
are weight loss, pleuritis, pericarditis, ocular inflammation, hepatic or splenic enlargement, or 
Felty’s syndrome ( I  0,11). It has been estimated that vasculitis may occur in about 30% of patients 
with Fclty’s syndrome (12). 

The various forms of vasculitis in rheumatoid disease that are listed above are now de- 
scribed in more detail: 

Digital arteritis-This form of rheumatoid vasculitis is more benign than others, and does 
not presage visceral or more serious cutaneous disease. The lesions can resemble 
splinter hemorrhages in the nail bed or Osler’s nodes in finger pulp (Fig. 1 ). 

Cutaneous ulceration-In Fel ty ’s syndrome (neutropenia, frequently with splenomegaly in 
RA), localized plaques of superficial cutaneous infarction can cause skin breakdown, 
usually in a circular form ranging from 1-5 cm in diameter. More serious are the le- 
sions of pyoderma gangrenosum. These can be deep, dirty ulcerations that can pene- 
trate through fascia and are marked by heaped up eschar at the edges (Fig. 2). Cyto- 
toxic drugs are often needed for control of this process. Superimposed infection is 
common. 

Figure 1 Rheumatoid digital vasculitis. (Courtesy of Dr. Gary S. Hoffman.) 
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Figure 2 Recurrent vasculitis has occurred about tlx distal tibia. Tissue destruction has progressed 
through subcutaneous tissue and fascia, extending to muscle. Gangrenous eschar is present about the pe- 
riphery. Healed scars indicate the waxing and waning nature of disease at this site. Because of failure of more 
conservative therapies, treatment was initiated with daily cyclophosphamide, in addition to intensive local 
care of the wound. Considerable improvement followed within 12 weeks. (Courtesy of Dr. Gary S. Hoff- 
man.) 
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Figure 3 Palpable purpura, affecting the feet of a 55-year-old woman with chronic rheumatoid arthritis. 
Lesions were nontender and did not proceed to ulceration. Resolution followed the use of prednisone, 20 mg 
daily, over a period of 2 weeks. Prednisone was gradually discontinued without recurrence of lesions. 
Whether these lesions would have spontaneously resolved without treatment is uncertain. (Courtesy of' Dr. 
Gary S. Hoffman.) 

Palpable purpuru-These are thc classic lesions of small-vessel (capillary and venule) 
angiitis. Small purple papules that are neither painful nor pruritic and do not blanch 
appear in crops, usually on dependent extremities (Fig. 3). At any given time, lesions 
o f  varying size and age are present. Over several days after their appearance, the le- 
sions flatten and spread, and the borders of adjacent lesions may coalesce. Ulceration 
i s  unusual. Unlike a typical bruise, brown discoloration may persist long after heal- 
ing. Biopsy reveals lyrnphocytic infiltrate adjacent to postcapillary vcnules and abun- 
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dant nuclear fragments from degraded polymorphonuclear leukocytes. The same le- 
sions can be found in multiple different diseases, including systemic lupus erythe- 
matosus (SLE), cryoglobulinenlia, allergic reactions to drugs, human immunodefi- 
ciency virus (HIV) infection, and other forms of systemic vasculitis. Urinary 
sediment consistent with a mild glomemlitis occasionally accompanies the skin le- 
sions. 

Peripheral neuropathy-A prototype case of this form of vasculitis is given in the case pre- 
sented above. The typical lesion is unilateral, or one that begins with a staggered start 
in both legs (legs more common than arms). Sensory and motor nerves are affected 
in the distribution of a single nerve, although occasionally only a mild distal sensory 
neuropathy is found (13). This latter group may complain of “burning fcet“ along 
with decreased touch and pin sensation distally. Foot drop, paresthesias, and numb- 
ness are the most common symptoms. 
The sural nerve and adjacent muscle are most often used as biopsy sites; the surd 
nerve has a relatively small cutaneous sensory distribution and no motor activity. 

Myopathy-Activc vasculitis in skelctal muscle can produce swollen, tender, and very 
painful niuscles. This is in contrast to the frequently painless weakness that is char- 
acteristic of polymyositis, or the deep aching without tenderness found in polymyal- 
gia rheumatica. Muscles on the chest wall can be afFected as are those on the arms 
and legs. When muscle bundles in the paraspinal areas are involved the presenting 
syndrome is one of a “slipped disk” with occasionally immobilizing back spasm. 

Arteritis of viscera-With the exception of isolated cranial arteritis in rheumatoid disease, 
fibrinoid necrosis of vessel walls within viscera have the most potential for severe 
morbidity and, rarely, death. The symptoms and signs reflect localized ischemia or 
infarction. The distribution can resemble that found in polyarteritis. Coronary vas- 
culitis can present as myocardial infarction; intestinal vasculitis can present with 
symptoms of bowel ischemia. Peritonitis may result from vasculitis of peritoneal ves- 
sels or from seepage or perforation of ischemic bowel that gives its contents access 
to the peritoneum. Exploratory surgery can reveal infarcted loops of bowel (14). A 
patient has been described who developed abdominal pain, then syncope due to in- 
traabdoininal hemorrhage froin a ruptured aneurysm of the inferior pancreaticoduo- 
denal artery. This man had prior cxtraarticular rheumatoid disease, including pul- 
monary fibrosis and Sjogren’s syndrome (15). Testicular vasculitis resembles a cord 
torsion syndrome. Very rarely, pulmonary hypertension in the absence of interstitial 
lung disease can be a manifestation of vasculitis in patients with RA (16). 

CNS arteritis-Cranial arteritis, indistinguishable from isolated (idiopathic) cranial arteri- 
tis that occurs without any accompanying disease, is rare and serious. CNS vasculi- 
tis associated with rheumatoid arthritis is exceedingly rare. It was reported to occur 
in less than 0.1% of admissions to a neurological unit serving 2.5 million people (1 0). 
Because these data were not derived from a general population of rheumatoid arthri- 
tis patients, they may not be a valid measure of incidence or prevalence. Although 
there is great heterogeneity in clinical presentations of cerebral vasculitis, therc are 
three more common patterns ( 1  7): 
1. Acute or subacute encephalopnthy-Patients presenting in this way may develop 

headaches, vomiting and lapse into stupor or even coma. 
2 .  Symptoms and signs resembling multiple sclerosi,r-Patients presenting in this 

fashion may have apparently unrelated events that come and go (e.g., sensory dis- 
turbances or small areas of muscle twitching, then visual loss, amnesia, hyper- 
reflexia) and imaging studics that suggest demyelinating diseases. The cere- 
brospinal fluid (CSF) can reveal oligoclonal bands. 
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3 .  Features simuluting a rapidly progressive space-occupying lesion-These pa- 
tients can present with global neurological dysfunction. Computed tomography 
(CT) scans can show an apparent intracranial mass lesion. Biopsy can reveal vas- 
culitis, infarction, or changes consistent with infection. The latter problem is di- 
rcctl y proportional to the degree of immunosuppression in individual patients, and 
thus is very important to rule out by biopsy. 

I t  is important for physicians to be aware that patients can have previously established 
rheumatoid disease without active arthritis at thc time of neurological presentation. 
In all cases of CNS vasculitis, ophthalmological examination can aid diagnosis. Ab- 
normalities can include marked slowing of flow, multifocal attenuation of arterioles, 
and aggregates of erythrocytes. lluorescein studies can confirm these findings and 
also demonstrate small-vessel infarction and leakage from postcapillary and collect- 
ing venulcs. 

111. LABORATORY FINDINGS 

Findings from laboratory tests usually help confim a diagnosis of vasculitis that has been sus- 
pected on clinical grounds. As mentioned above, vasculitis appears in rheumatoid patients who 
often havc active disease with extraarticular manifestations. Therefore, it is no1 unusual for them 
to have 

Elevated acute phase reactants (erythrocyte sedimentation rate [ESR J and C-reactive pro- 
tein (CRPJ levels). Occasionally, because serum gamma globulin and fibrinogen lev- 
els are inordinately high, the ESR may be elevated proportionately more than the 
CRP, which is a protein made by the liver in response to inflammation and is not af- 
fected by other acute phase reactants or changes in serum proteins. 

AncFniU. This is generally characterized as a hypochroinic, microcytic anemia that is in- 
versely proportional to the ESR or CRP. Iron stores are usually adequate, but utiliza- 
tion is insufficient to generate adequate red blood cells. 

Thromhocytosis and leukocybsis. 
Uypoalhuminemia. 
Rheumatoid factor-often in high titer. 

None of these tests is specific and there is great overlap with patients who have very active joint 
disease but very few extraarticular manifestations. One test that is of use in systemic vasculitis 
and crescentic glomerulonephritis is the titer of antibody to neutrophil cytoplasmic antigens 
( ANCAs). There are two patterns of ANCAs recognized by indirect immunofluorescence: C- 
ANCA is prominent in Wegener’s granulomatosis and indicates the presence of anti-proteinase 
3 antibody in the cell cytoplasm; a perinuclear pattern (P-ANCA) is generated often by antibody 
lo myeloperoxidase, although several other target antigens producing a perinuclear pattern have 
bcen noted, and include elastase, cathepsin G, and lactoferrrin. In a study of patients with long- 
standing RA, 48% had significant titers of P-ANCA, although only 29% of RA patients with vas- 
culitis had elevated P-ANCA titers, and the most prevalent antibody in RA was against human 
elastasc (18). Close to half of the patients studied with a diagnosis of SLE also had positive 
ANCAs. Two other studies, however, have suggested that the presence of ANCAs might be a 
marker for a more aggressive course of disease in respect to serological variables and extraartic- 
ular manifestations, including rheumatoid vasculitis and lung involvement (19). Mulder et al. (1 9) 
reported much higher titers of ANCAs in rheumatoid vasculitis compared with uncomplicated 
RA. These authors found that the dominant antigen in rheumatoid patients for ANCAs was lacto- 
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ferrin, not proteinase 3, myeloperoxidase, elastase, or cathepsin G. Another series (20) found 
ANCAs in 16% of patients with RA, all showing a perinuclear pattern. This P-ANCA-positive 
group had a higher frequency of vasculitis ( p  < 0.05) than did rheumatoid patients who were P- 
ANCA-negative. Much work is needed to determinc whether the ANCA that appears in certain 
patients with RA is more than an epiphenomenon. 

Goronzy and Weyand (21) have set forth the hypothesis that individuals with synovial dis- 
ease and individuals with synovial plus extraarticular disease, including vasculitis, are parts of 
two separate groups that can be best defined by immunogenetic analysis. Virtually all patients 
with extraarticular disease in their clinics carry an HLA-DRB 1*04 allele. Of 28 patients who had 
inherited two disease-linked alleles, all had nodular disease and 61 % had other extraarticular 
manifestations. Fifty percent of the patients with rheumatoid vasculitis were hornozygous for 
H U - D R B I  "0401, and an additional 21% were heterozygous for two disease-associated H U -  
DRBl"O4 variants (22). In a snore recent study, however, no associations were found between 
rheumatoid vasculitis and any of the DRBI "04 alleles or with DQA1 or DQBl alleles, although 
the risk of developing minor skin vasculitis (e.g., palpable purpura) was increased in patients with 
DRBI "04 (23). 

IV. DIAGNOSIS AND PROGNOSIS 

The diagnosis of vasculitis in rheumatoid patients should be primarily a clinical one. To move 
from a moderate to high degree of suspicion of a diagnosis of rheumatoid vasculitis, histological 
examination of a biopsy specimen from an affected organ should be obtained (24). Perivascular 
infiltrates with mononuclear and polymorphonuclear leukocytes are more likely to be found in 
nonlesional skin biopsies of rheumatoid vasculitis patients than in patients with RA without vas- 
culitis (25). In an attempt to determine whether muscle biopsy might be a more sensitive and spe- 
cific index of vasculitis, quaclriceps (rectus femoris) biopsies were done in patients with RA and 
vasculitis confirmed by other means, RA patients with no clinical suspicion of vasculitis, and os- 
teoarthritis patients. It was found that the finding in muscle of perivascular infiltrates of > three 
cell layers of perivascular mono/pol ymorphonuclear leukocytes was found in 67% of RA patients 
with vasculitis, and in none of the RA patients without clinical evidence for vasculitis or os- 
teoarthritis patients. Fibrinoid necrosis of vessel walls was found in 33% of the 12 patients with 
rheumatoid vasculitis, but in none of the other RA patients (n = 12) or in muscle from os- 
teoasthritis patients (n  = 11). The majority of the perivascular infiltrating cells were mononuclear, 
as opposed to polymorphonuclear. The yield of positive rcsults was increased by examination of 
multiple sections. Muscle biopsy is appropriate, therefore, when a biopsy of a sural nerve is being 
taken in cases of clinical mononeuritis multiplex, and when the diagnosis of vasculitis is sus- 
pected. Whenever possible, of course, biopsy of tissue from organs suspected of being damaged 
by vasculitis is preferred. 

It would be very useful if blood tests from rheumatoid patients were both sensitive and spe- 
cific markers of vasculitis. Although scveral such tests have been evaluated, they remain imper- 
fect tools for the clinician. Plasma levels of circulating cellular fibronectin levels in rheumatoid 
vasculitis patients have been reported to be significantly ( p  = 0.01) elevated over rheumatoid pa- 
tients without vasculitis (26). The fibronectin levels correlated with von Willebrand factor anti- 
gen levels. In the same group of patients, circulating levels of intercellular adhesion inolecules 
(cICAM- I and cICAM3) but not cE-selectin were elevated ( p  > 0.0001) compared with patients 
with KA who did not have evidence of vasculitis (27). The levels appeared to fluctuate directly 
with clinical activity of the vasculitis. 

Prognosis for patients with rheumatoid vasculitis is less good than for those with discasc 
confined to the joints. Indeed, compared with age- and sex-matched control populations, there is 
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an increased risk of death for rheumatoid patients who have cutaneous ulcers, vasculitic rash, or 
neuropathy (28). Rheumatoid arthritis itself puts patients at significant risk for earlier demise, It 
is almost an a priori finding that those who are sicker, with extraarticular involvement, and with 
progressively more vascular involvement (especially in internal organs such as the GI tract, heart 
and lungs, and CNS) will have a worse prognosis than others. In the survey of 290 North Amer- 
ican rheuinatologists, the respondents associated the following features most strongly with a poor 
prognosis in rheumatoid vasculitis: mononeurilis multiplex, digital gangrene, nonhealing leg ul- 
ccrs, scleromalacia perforans, high titer rheumatoid factor, positive visceral angiography, and 
necrotizing arteritis on biopsy. From the large Dutch group that has intensively studied rheuma- 
toid vasculitis come data to indicate that the unadjusted relative risk of death in rheumatoid vas- 
culitis patients compared with RA controls was 1.65, and this fell to 1.26 after adjustment for age 
and sex (29). i n  this group, infection (probably related to immunosuppressive therapy) was the 
main cause of death in the rheumatoid vasculitis patients. Cardiovascular disease was the most 
common cause of mortality in the rheumatoid patients who did not have vasculitis. 

Therapy depends upon the clinical manifestations of the vasculitis in patients with RA. 
Patients with mild cutaneous disease (e.g., fingernail linear hemorrhages, small patches of 

palpable purpura, asymptomatic digital vaseuJitis) do not require added therapy to what is appro- 
priate for other aspects of their disease. It is crucial that extra emphasis on smoking cessation be 
stressed for all patients with vasculitis. Although it has not been rigorously studied, it is logical 
to assume that the vasoconstrietive and atherogenic influences of tobacco may amplify the path- 
ogcnic mechanisms underlying rheumatoid vasculitis. Blood pressure control is recommended 
for the same reasons. Relatively small, nonprogressive leg ulcers can be managed conservatively 
with debtidement, antimicrobial ointments, and dressing regimens supervised by experienced 
dermatologists or vascular surgeons. Although rheumatologists make every effort to keep oral 
prednisone therapy in rheumatoid patients to less than 7.5 mg/day, the appearance of systemic 
vasculitis other than mild cutaneous forms warrants treatment with higher doses (up to 60 mg 
daily) until signs or symptoms diminish or are stable, at which time slow tapering can begin. As 
soon as higher doses of glucocorticoids are prescribed, bone protective regimens (e.g., 1500 
mg/day elemental calcium and 400 IU vitamin D, and bisphosphonates or, in postmenopausal 
women, raloxifine) should be instituted. in general, it is probably inappropriate to risk thrombotic 
disease by starting estrogen therapy in a woman with RA who has developed vasculitis. D-peni- 
cillamine was first used effectively in a group of rheumatoid patients who had cutaneous ulcers 
associated with high titers o f  rheumatoid factor (30). In disease that is refractory to moderate 
doses of glucocorticoids, treatment with cyclophosphamide in doses used for treatment of We- 
gener’s granulomatosis should be considered (31). The usual starting dose is 2 mg/kg/day, orally. 
Hemorrhagic cysitis and the risk of opportunistic infections and, later, carcinoma of the bladder 
are major toxicities, but usually the addition of cyclophosphamide enables the prednisone dose to 
be lowered. Isolated reports of accelerated vasculitis during methotrexate therapy (32) for 
rheuinatoid patients have not been seen with any regularity. If cyclophosphamide is going to be 
used in patients already taking methotrexate, the latter drug should be stopped. In uncontrolled 
studies, it has been reported that plasmapheresis combined with prolonged therapy with im- 
munosuppression can reduce the morbidity of cutaneous leg ulcers, but has no effect on long- 
standing neuropathic manifestations (33). Plasma exchange has been used in severe cutaneous 
rheumatoid vasculitis. However, these results are not the product of controlled trials and will have 
to be confirmed by more rigorous study (34). 
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The patthophysiology of aggressive disease implies processes driven in part by tumor neci-o- 
sis factor alpha (TNF-a), and it is  imperative that well-controlled studies using anti-TNF-a ther- 
apy in rheumatoid vasculitis be performed and reported. 
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I. I ~TRO~UCTION 

Scleroderma (literally “hard skin”) is an umbrella term that covers most forms of thickened, scle- 
rotic skin, including both localized (morphea, linear scleroderma, many others) and generalized 
(limited, diffusc) variants. Generalized scleroderma is synonymous with systemic sclerosis (SSc). 
Systemic sclerosis, the third most common connective tissue disease and the most lethal, affects 

se connective tissues and is associated with immune (autoimmune), vascular, microvas- 
culas, and fibrotic manilestations. The diagnosis, when the disease is fully expressed, can be made 
by visual and certainly by tactile observations alone. In i t s  early prodromal phases, however, SSc 
usually begins with Raynaud’s phenomcnon. 

In  its aggravated form, diffuse sclerodcrina is one of the most terriblc of all human ills. Likc 
Tithonus. to wither slowly and like him to be beaten down and marred and wasted until onc is 
literally a mummy encased in an evershrinking skin of steel i s  a fate not pictured in any tragedy 
ancicnt or modern. (Oslcr W. On diffuse scleroderma; with bpecial reference to diagnosis, and 
the use of thyroid gland extract. J Cutan Genito-urinary Dis 1895; 16: 49.) 

II. RAYNAUD’S PHENOMENON 

In 1862, Maurice Raynaud described cold-sensitive digital ischemic attacks that are now referred 
to as Raynaud’s phenomenon (RE’). Because of recent progress, a clear clinical definition and a 
precise delineation of associated disorders can be made; the prevalence of RP in the population 
can be measured. There are now theories of pathogenesis, methods of investigation, and rational 
approaches to therapy. 

A. Clinical Definition 

The classical definition. episodic triphasic color changcs of pallor, cyanosis, and rubor, is rarely 
seen sequentially in the same patient, and current definitions do not strictly require all three col- 
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ors for diagnosis. Biphasic color changes of pallor and cyanosis are commonly reported by pa- 
tients. 

Primary Raynumi’s Phenomenon or Raynuud’s disease is defined as documented W, nor- 
mal peripheral pulse, normal nailfold capillaries, negative antinuclear antibody (ANA) test, and 
a normal Westergrcn erythrocyte sedimentation rate. It is a benign condition with negligible con- 
sequences. Fibromyalgia, a prolapsed mitral valve, migraine headaches, irritable bowel syn- 
drome, or heightened anxiety may be associated as comorbid, possibly pathogenetically related 
through sympathetic nervous system interaction. 

Secondury Ruynuud’s Phenomenon or Ruynaud’s Syndrome signals the presence of an as- 
sociated disease. The workup of patients with Raynaud’s phenomenon without an underlying 
cause should include a careful history and physical examination, a test for antinuclear antibodies, 
hands and chest radiographs, and nailfold capillary microscopy. If the results of these evaluations 
are negative, the diagnosis of primary Raynaud’s phenomenon is made. However, if clinical or 
laboratory abnormalities arc detected, then a serial evaluation should be performed periodically 
to detect transition to a connective tissue disorder, which may take 10 years or more. The vast ma- 
jority of patients with Raynaud’s phenomenon in the general population have the primary, benign 
fonn of the disease and do not require extensive evaluation or intensive follow-up. 

B. Prevalence 

A questionnaire-based study of RP in South Carolina revealed a prevalence of up to 10% in the 
general population, whereas clinical screening studies reported a prevalence rate of 3-3.5%. The 
prevalence of RP in established connective tissue diseases is shown in Table 1. 

C. Associated Conditions and Methods of Investigation 

Conditions most frequently associated with RP are listed in Table 2. A follow-up over several 
decades of patients with RP who sought medical attention revealed an associated disease in 
3040%. However, local referral patterns significantly affect any clinical series. 

Antinuclear ‘antibody testing is positive in 30-50% of patients with RP; accordingly, dis- 
ease-specific ANA should be evaluated (Table 3). Antibodies to dsDNA, Sm, SSA/SSB, RNP, 
centromere (ACA) and Scl-70 (see Table 3) are significant for prognosis. Antinuclear antibody 
has 98% and Scl-70 has 100% specificity for development of scleroderma, comparable to wide- 
field nailfold capillaroscopy. 

Table 1 Prevalence ol‘ RP in the Rheumatic Diseases 

Disease‘ 7% 

Scleroderma 
MCTDNCTS 
SLE 
ss 
PMIDM 
Rheumatoid arthritis 

90 
80 
40 
30 
20 
15 

’MCTDIUCTS = mixed connective tissue diseauehndifferenti- 
atcd connective tissue syndrome: SLE = systemic lupus erythe- 
niatosus: SS = Sjogren’c ayndrome; PMDM = polymyositid 
dennatomyoaiti\. 
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Table 2 Classification of Kaynaud's Phenomcnon 

Primay Raynaud's disease 
Secondary Kaynaud's phenomenon 

Arteriosclerosis oblitcrans 
'I'hromboangiitis obliterans 
Embolization 
External comprewion (carpal tunnel and thoracic outlet syndromes) 

Rheumatic disorders 
S yslemic sclerosis 
Rheumdloid arthritis 
Systemic lupus erythematosus 
Vasculitis 
Dermatomyositis-polymyosi tis 
Sjiigren's syndrome 

Pianists, typists, sewing tnachine operators 
Pneumatic hammer operators, chain-saw operators (mmwd, vibratory) 
Butchers, mechanics, dairy workers, farmers, miners (silica) 
Solvent exposure (trichloroethylenc, toluene, vinyl chloride, cpoxy, bemene) 

Vinyl chloride Methy sergide r-Tryptophan 
Rleomycin Pentamcine L-5-OH-Tryptophan 
Cisplatin Cocaine 
P-Blockers Ethoxysuximide 
Ergotmines 

Blood diseases 
Cold agglutimns: primary atypical pneumonia, infectious mononucleosis, lupus erythematosus, lym- 

phoma, and viral infcctions 
Cryoglobulins and hyperviscosity 
Neoplastic diseases: multiple mycloina, lymphocytic leukemia, polycythemia Vera, lymphosarcoina 
Chronic infectious diseases: kala-azar, malaria, and subacute bactenal endocarditis 

Miscellaneous 
Reflex sympathetic dystrophy 
Malignancy 
Hypothyroidism 
Cirrhosis 
Coronary artery disease 

Chronic occlusive artcrial diseases 

Occupational trauma 

Chemical and drug exposure 

Amphetamines (and other appetite suppressors) 

Table 3 Serologic Profile in Patients with RP and Connective Tissue Diseasesa 

RNP SSAlSSB Centromere Scl-70 dsDNA Sm 

UCTSMCTD + +/- +!- +/- +I- +/- 
ssc 4- +/- + + 
SLE + + - + + 
ss + + 

-_ - 
- 
- - - - 

"Abbreviations: UCTS, undifferentiated connective tissue syndrome; SIX, systcmic lupus erytliematosus; 
SSc, systemic sclerosis; SS, Sjogren's syndrome; dsI>NA, double-stranded DNA; S S N S S B ,  Sjiigren's syn- 
drome A and B antigens, same as Ro and La, RNP, KNA protein complex; ACA, anticentromere antibod- 
ies; Scl, scleroderma 70 M), same as topoisamerase. 
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tiology and Pathogenesis 

Considerable evidence indicates that episodes of Raynaud’s phenomenon follow closure of the 
digital arteries. The exact mechanism of arterial closure is not known; however, increased sympa- 
thetic tone, local hypersensitivity to cold, increased blood viscosity, occlusive arterial disease, and 
platelet vessel wall interaction are among the proposed mechanisms. Vascular endothelial injury 
with associated dysfunction is the principal pathological process in RP. The recent description of 
decreased tissue levels of the potent vasodilator calcium gene-related peptide and the reported in- 
crease in release of the vasospastic mediator endothelin suggest enhanced local vasospasm. 

111. SYSTE~IC SCLEROSIS 

A. Classification 

Taut skin proximal to the metacarpophalangeal joints is the major criterion for diagnosis of scle- 
roderma. Sclerodactyly, digital pitting scars, and bilateral basilar pulmonary tibrosis on chcst 
roentgenogram were identified as the three minor criteria. The presence of the major criterion or 
two or more minor criteria satisfies the diagnosis of scleroderma. 

Patients with systemic sclerosis follow two distinguishable patterns of skin and internal 
organ involvement. The most prevalent pattern is called limited cutaneous systemic sclerosis 
(1cSSc); patients with this pattern usually have a long history of Raynaud’s phenomenon, skin 
thickening limited to the fingers and face, and internal organ involvement in the second to fourth 
decades. Anticentromerc antibodies are found mainly in IcSSc, which is associated with an 80% 
5-year and 50% 12-year survival. A more serious, but less common, form of systemic sclerosis is 
diffuse cutaneous systemic sclerosis (dcSSc). Thcse patients may present with the abrupt onset of 
Raynaud’s phenomenon; puffy hands, arms, face, and feet; and the rapid progression of the 
process to hidebound skin covering both extremities and trunk and the early appearance of inter- 
nal organ involvement, Antilopoisomerase I (Scl-70) is seen predominately in this group and is 
associated with more extensive skin and cardiac involvement. Anti-RNA polymerase autoanti- 
bodies appear to be associated with skin and renal involvement. Diffuse sclerodema is associated 
with a 40% 5-year and 15% 12-year survival. 

Both limited and diffuse forms of SSc are present within the adult Raynaud’s phenomenon 
population, depending largely on the population sample from which the group was collected, and 
vary from <10 to >50% in population surveys, depending upon the referral bias. Limited SSc cn- 
compasses Raynaud’s subjects with the nailfold capillaries and antinuclear antibody profiles 
characteristic of SSc (usually anticentromere in Caucasians). Years, even decades, of Raynaud’s 
phenomenon may be the sole feature of these most limited of limited SSc patients. Objective skin 
changes, present eventually in 90-95% of patients, should not be required, especially in the first 
year of symptoms. In patients with rapidly changing skin puffiness or tautness, where skin 
changes appear within weeks to months of the onset of Raynaud’s symptoms, and when the anti- 
nuclear pattern is not anticentromere but may be antitopoisomerase I, the diagnosis of diffuse SSc 
should be suspected and can be confirmed when skin changes proximal to the elbows and knees 
are documented, excluding the neck and face which can be affected in limited SSc. Fortunately, 
there are three to five limited SSc patients for every diffuse patient (I). 

Patients who qualify for the strict definition of primary Raynaud‘s can be reassured that 
they will not develop connective tissue disease, specifically SSc (2). Those who do not qualify are 
identified as suspect connective tissue disease, suspect SSc. The classification of suspect, limited, 
and diffuse SSc is of prognostic significance due to the high mortality and severe morbidity of 
diffuse, and to a lesser degree, of limited SSc (Table 4). The pace of diagnostic and the risk of 
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Figure 22.1 Extensive purpuric rash affecting both lowcr cxtreniities in a LO-ycar-old girl with HSP. 



Figure 28.3 Intiinal hyperplasia-the arteo 's response to i n z ~ z ~ n o l u ~ ~ ~ a l  injury. Critical events in the Sormation of hyperplastic intima are: ( 1 )  mobilization of smooth 
muscle cclls and fragmentation of the intend elastic lamina by metalloproteinases; (2 )  formation of growth factor-secreting giant cells and smooth muscle cell proliferation; 
and (3) neoangiogcnesis in the intima. 



Figure 40.1 Ecthymu gangrenosurn secondary to disseminated Mucor infection in a iieutropenic patient. 
(Courtesy of Dr. John Bennett, National lnstitutes of Health, Bethesda, MD.) 
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Table 4 Scleroderma Deaths 

Diagnosis Mortality ratio 

Pulmonary, total 29.4 
Hypertension - 1 2.5a 
Fibrosis - 10.1 
Failure - 5.3 
Hemorrhage __ 1.1 
Cancer 0.4 

Renal, total - 2.7 
Heart, total 2.3 

Congestive heart failure __ 1.7 
Atherosclerosis 0.6 
Sepsis and pneumonia - 2.9 

’The underlined standardinxi mortality ratios (useful principally for 
comparison between diagnosea) indicate those diagnoses in SSc 
death certificates that significsmtly exceeded those in 29 million non- 
SSc death certificates. 

Sozircc: Adapted from Phillips et al. A Cam Study and National Data- 
base Report of Progressive Systemic Sclerosis and Associated Con- 
ditions. J Women’s Health 1998; 7(9): 1099-1 104. 

therapeutic intcrvention can be focuscd in the individual patient by this precise subset classilica- 
tion. As an example, limited SSc patients may change little over 5-20 ycars of visits (the appear- 
ance of pulmonary hypertension being the major exception to this rule), whereas diffuse SSc pa- 
tients may evolve skin changes and develop visceral involvement on a month-to-month basis. 

Therc are many ways to validate the definition of SSc subsets, the most important to the pa- 
tient being the relativc risk of death compared with that of the general population. Linlited SSc 
paticnts have a twofold increased risk of death; diffuse SSc patients have a 4.5-fold increased risk 
of death. Only approximately half of SSc deaths are directly attributed to SSc; of these one-third 
are pulmonary, one-fifth are gastrointestinal, and a decreasing but still significant fraction suc- 
cumb to scleroderma renal crisis (SRC). There is a twofold increased risk of death in SSc patients 
from causes that were not directly attributed to SSc, such as cardiovascular disease, cancer, and 
infection, all of which were probably indirectly associated with the presence of SSc (3). 

B. Epidemiology 

Using retrospective reviews of patients who attended clinics or who died in hospitals, the inci- 
dence of SSc has been estimated to be 1-19 per million. These techniques are inherently insensi- 
tive but relatively specific. Prevalence, more difficult to assess due to referral patterns, which in- 
still unmeasurable biases, has been estimated to be 4-290 per million. Ifone estimates prevalence 
using 5% for Raynaud’s in the general population and 1% for SSc in the Raynaud’s population, 
one obtains 500 SSc per million, consistent with the higher prevalence estimates. The occurrence 
of SSc is worldwide, in all ethnic groups studied, and females arc affected 4-10 times more than 
males (4). Infant SSc is rare, childhood SSc is uncommon, and there is no age too old to develop 
the disease. These matters are of less consequence than is subset classification (v.s.) in managing 
the individual SSc patient. 
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C. Skin 

Each area of skin should be examined separate1 y by an experienced observer and evaluated against 
the skin of that anatomical area in healthy subjects. These observations can thus be combined into 
a skin score. Modifications of the original Pittsburgh (Rodnanj skin score technique offer the ex- 
aminer fewer options whcre the skin is naturally tight (distal fingers) or thick (back and abdomen) 
and include fewer examination sites. The Kahaleh or Charleston Skin Score is such a modified 
technique. The critical feature of taut skin in scleroderma of all types is in fact subcutaneous, where 
fat and elastic bands are replaced by collagen and the skin feels thickened, unable to be tented, and 
“hidebound.” The skin may also be edematous early, usually developing a “wooden” consistency 
afler edema subsides. The most sensitive areas for detection are the dorsum of the hand and the 
forearm, where healthy skin is thin and elastic. The patient usually detects changes before the 
physician does. 

The skin is usually edematous (puffy) early, indurated during the progressive phase, and at- 
rophic late when most disease activity is “burned out.” Because visceral involvement is depen- 
dent on vascular rather than skin scarring, the phases of skin involvement may not be helpful in 
the prediction of internal involvement or its severity. The rate of change of skin involvement on 
repeated examinations is perhaps the most important prognostic tool in predicting fututurc visceral 
involvement. Prominent cutaneous features in the well-developed SSc patient include flexion 
contractures of the fingers; hyperpigmentation scattered among depigmented areas (“salt and 
pepper”); telangiectasia on palms, lips, fingertips and face; and subcutaneous calcifications (5). 

Changes in the epidermis include thinning, loss of rete pegs, loss of subpapillary capillary 
loops, either increases or decreases of pigmentation (major clinical and cosmetic concerns, espe- 
cially to persons of increased skin pigment), as well as tautness and a lack of stretchability that 
inhibits movement and changes appearancc. The psychosocial-spiritual effects of a changed ap- 
pearance should not be underestimated (6).  

D. ~astrointestinal System 

While all segments of the digestive track can be involved in SSc, esophageal hypomotility is the 
most common of all organ involvement and the most frequent gastrointestinal (GI) manifesration. 
Dry eyes and dry mouth (xerostomia) occur in up to one-third of SSc patients but are uncommon 
early. Virtually every segment of the smooth muscle portions of the gut can be and usually is af- 
fected in SSc; secondary and tertiary waves of electrical excitation and consequent smooth mus- 
cle propulsion are diminished or absent; sphincters are patulous, atonic, and often atrophic. 
Symptoms range from dysphagia (with or without odontophagia), to bloating and abdominal dis- 
tension, and may include fecal and gas incontinence. Reflux leads to esophageal stricture, meta- 
plasia, and neoplasia (Barrett’s esophagus), an uncommon but increasing feature as SSc patients 
live longer. If duodenal and jujunal hypomotility is sufficiently severe to prevent ascending small- 
bowel bacterial colonization, which consumes bile salts essential for fat absorption, malabsorp- 
tion can occur with major acute abdominal symptoms and chronic nutritional consequences. 

Many patients with digestive tract SSc are asymptomatic; the first symptoms are usually re- 
lated to esophageal dysmotility and include fullness and substernal pain on swallowing, especially 
following the ingestion of large pills or poorly chewed, unusually cold, or unusually spicy food. 
Lying down soon after eating a large meal can also elicit “heartburn.” Esophageal transit time es- 
timates are one of the better screening tests for esophageal dysmotility; if normal, no further test- 
ing is indicated and management can be symptomatic. If abnormal, both barium swallow and 
esophageal manometry are indicated to detect mechanical obstruction and to document hypo- 
motility, respectively. The stomach is often hypomotile if studied dynamically but is seldom symp- 
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tomatic, has few if any clinical consequences and is not oficn treated directly. Manometric tech- 
niques are usually definitive; laser-based blood Row techniques are experimental but promising. 

Dilatation. hypomotility, and inefficient absorption of nutrients in the duodenum and je- 
junum can lead to a debilitating syndrome characterized by early satiety, abdominal distension, a 
bloated feeling, 'and severe, crampy abdominal pains. When acute, these features suggest acute 
abdominal obstruction and, especially when the diagnosis of SSc is not obvious or has not already 
been made, can lead to surgical intervention (searching for mechanical obstruction), which is not 
only not beneficial but can be harmful if unsuspected renal or pulmonary insufficiency is precip- 
itated by surgery. Bowel rcst and decompression of dilatation are the management of choice. 
Chronic management is challenging and includes antibiotics to reduce gut flora, careful dietary 
management including liquid and partially digested foods, frequent meals, careful upright pos- 
ture after food ingestion, and, ultimately, complete bowel rest with total parenteral alimentation, 
a major techniquc of organ support equivalent to renal hemodialysis and cardiopulmonary life 
support (7). The use of proton pump inhibitors (omeprazole) and propulsive agents (cisapride, oc- 
treoiide) has improved tlic quality of life in many SSc patients. 

Stool patterns in SSc usually alternate between constipation and mild to moderate diarrhea. 
Fiber and stool bulk preparations are helpful. Cathartics and enemata can be dangerous. Major 
constipating drugs such as codeine should be avoided. 

It is appropriate to be especially sensitive to lung involvement in SSc because whcn fully devel- 
oped it can be irreversible and lethal, and also because in its early phases it is often clinically 
silent and a challenge to detect. As an example, up to 75% of diffuse SSc patients with normal 
chest radiographs and no pulmonary symptoms have abnormal chest computed tomography (CT) 
scans. Over the last several decades, pulmonary dcaths represent a major portion of SSc-related 
deaths (scc Table 4), especially pulmonary hypertension, which remains a major therapeutic chal- 
lenge, along with end-stage pulmonary fibrosis. 

Pleuritis is sufficiently rare that it should be investigated for microbial and other causes, 
such as iiblchest wall trauma, referred pain, or cardiaclG1 causes. Effusions are usually bland 
with fibrin deposits on the pleural surfaces much as they occur in the synovitis of SSc. 

Pulmonary hypertension, heralded by an abrupt reduction in exercise tolerance and occa- 
sionally dull chest pains, occurs largely in localized SSc patients often in the absence of intersti- 
tial lung disease: it may also occur late in diffuse SSc patients with severe interstitial lung dis- 
ease, hypoxi a, and respiratory insufficiency. Techniques to identify pulmonary hypertension have 
greatly improved with echocardiography-Doppler as a noninvasive scrcen and, of course, right 
heart catheterimtion when absolute mcasurcments arc crucial. The presence of peak pulmonary 
artery pressures above 60-65 is a very negative prognostic sign, from 40-65 a moderately nega- 
tive sign, and from 25-40 the prognosis is not entirely clear. Lowering the pressure is the urgent 
objectivc. Large doses o f  several (more than one family) calcium channel blockers can be effec- 
tive if symptomatic orthostatic hypotension can be managed. Also, hydralazine, isoproterenol, 
prazosin, and, recently, continuous infusions of epoprostenol (Flolan) have been successful in the 
individual patient. Flolan may be the most promising of these. Patients with persistent pulmonary 
hypertension, especially with right heart dilatation and overload, have a 50% 12-month life ex- 
pectancy. Another study showcd a 44% 2-year survival with pulmonary hypertension vs. 88% 
without. 

Interstitial lung disease (TLD) is one of the most subtle and insidious of the manifestations 
of SSc .  Because SSc patients are usually not active aerobically, because ILD is indolent, and be- 
cause substantial restrictive lung involvement can occur before respiratory symptoms are given 
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priority over skin and musculoskeletal complaints, LLD must be searched for prospectively. The 
chest film is insensitive; if positive, it usually does not permit the distinction of alveolitis from fi- 
brosis. Pulmonary function tests are useful for management; volume measurements such as vital 
capacity are reduced late in ILD and are not sensitive early. Diffusion measurements, affected by 
either ventilation or perfusion, are nonspecific and thus can be sensitive indicators of either ILD 
or pulmonary hypertension. After several decades of experience with open lung biopsies (inva- 
sive, still the gold standard) and with two decades of experience with bronchoalveolar lavage (ex- 
cellent but invasive), the single best technique to detect TLD early is a high-resolution chest CT 
scan, which can distinguish alveolitis [ram fibro 
group of SSc patients was originally defined by lavage (cellular) criteria and can be currently de- 
fined by amorphous alveolar opacities usually at the lung bases on chest CT. 

Although the data are not definitive (lacking a large and carefully studied control population 
unaffected by therapy), the presence of alveolitis is associated with pulmonary functional deteri- 
oration of about 5% vital capacity per year and an increased likelihood of future respiratory in- 
sufficiency. Aggressive therapeutic measures are indicated to reduce further deterioration and 
hopefully encourage tissue repair and return of lung [unction. The two agents of choice for thera- 
peutic intervention are prednisone in moderate doses (20-40 mg PO once daily) and cyclophos- 
phainide (up to 2 mgkg orally) for a period of 1-3 years, depending 011 response. Several differ- 
ent groups have had success with this regimen. Others have used monthly pulse cyclophosphamide 
to reduce bladder toxicity with some success. With increased early detection of ILD it is hoped that 
fewer and fewer SSc patients will find themselves oxygen dependent and on the list for lurlg trans- 
plantation. More time and experience is needed to determine if this hope will be fulfilled (8). 

and both together. The alveol 

F. Heart 

As a general cadiopulmonary screening proc dure,  arterial desaturation (0,) measured by finger 
oximeler following exercise can, if positive, alert the physician to further study for careful phys- 
iological definition of the problem. 

There are many ways the heart can be affected in SSc. Pulmonary hypertension can cause 
the right heart to fail, systemic hypertension can cause the left heart to hypcrtrophy and fail, and 
coronary heart disease can damage the myocardium. One common feature of SSc heart disease is 
a bland peiicarditis with pcricardial effusion. It is rare for this to become chronic, constricting, or 
to cause tamponade. Pericardial friction rubs are rare and the only clue may be dependent edema, 
difficult to distinguish from thc puffy phase of scleroderma in the early diffuse SSc patient. 
Echocardiography is definitjve. Gentle decreases in pericardial fluid arc in order to avoid renal 
cortical compromise from hypovolemia. If the pericardial effusion is considered to be potentially 
significant hemodynamically, a pericardial window should be created surgically. 

Cardiopulmonary involvcmcnt may be subtle and relatively far advanced before it is de- 
tected clinically. Pitting edema of the legs and slight dyspnea should be investigated by physical 
examination to detect tachypnea, dry rales at the lung bases, and signs of pulmonary hyperten- 
sion such as increased P2 intensity. Noninvasive cardiac diagnostic techniques havc led to more 
frequent detection of cardiac involvement in scleroderma. Disordcrs of rhythm and conduction 
system are the most common abnormalities. Cardiac enlargement may not be impressive, partic- 
ularly in the prcsencc of restrictive lung disease. Cardiac arrhythmias, including complete heart 
block and other conduction defects, are common. Echocardiogram and 24-h continuous electro- 
cardiogram (Holter monitor) are helpful for cardiac evaluation. The echocardiogram with 
Doppler studies is particularly useful to identify pericardial effusion, pulmonary hypertension, 
and ventricular dysfunction, Thallium perfusion scan is a sensitive tool for the evaluation of per- 
lusion defects in the scleroderma heart. Many cardiac abnormalities have been associated with 
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poor outcome, The combination of left axis deviation in association with moderate pericardial ef- 
fusion is associated with a particularly poor outcome. One of the more severe acute cardiac fea- 
tures o€SSc is diffuse myocarditis. It occurs exclusively in diffuse SSc patients and is usually her- 
alded by malaise, fever, and IeEt ventricular failure. Endocardid biopsy may be indicated. 
Immunosuppression with both prednisoiie and cyclophosphaniide should be administered ag- 
gessively. The outlook is guarded at best. 

The indolent, progressive feature of SSc heart development is the obliteration or intramy- 
ocardial arterioles and capillaries by the characteristic SSc process of endothelial injury and in- 
terstitial fibrosis. This process may be exaggerated by the demands of cardiac perfusion under 
load conditions; the lesions are characteristic of repeated episodes of ischemia-reperfusion injury 
with autoimmune systemic vascular wall injury factors added. Chamber dilatation is uncommon. 
Lack of compliance and diastolic heart failure are the frequent findings and, in a patient with 
major organ involvement elsewhere, diagnosis and management may be difficult. There are still 
a number of diffuse SSc patients who die suddenly, diastolic left ventricular failure due to in- 
trainyocardial myocardial fibrosis leading to ventricular an-hythmkds could be thc culprit. Fol- 
lansbee (9) showed some years ago, in the carefully studied Pittsburgh SSc patient group, that 
poor thallium myocardial perfusion was a negative prognostic indicator that overrode the lim- 
ited-diffuse skin subset classification, indicating that an occasional “limited” SSc patient can 
have myocardial fibrosis with negative prognostic implications. In lhesc patients, angiotensin- 
converting enzyme (ACE) inhibitors havc been shown to improve both systolic and diastolic 
function. Caution is again urged in the use of diuretics. 

Classic coronary heart disease can occur in SSe patients who are often in the fifth to sev- 
enth decades of life; whether more or less than would bc expected in a control or an autoimmune 
control populaiion is unknown. When contemplating coronary bypass procedures in SSc patients, 
intramyocardial disease (microvascular perfusion) should be assessed before bypass is under- 
taken. If myocardial fibrosis is extensive in SSc patients, technically excellent bypass may not re- 
sult in adequate myocardial perfusion due to obliterated microvascular beds. This is a difficult sit- 
uation when angina i s  debilitathg (9). 

At midcentury (1950-1960) as many as half of SSc patients died of the oliguric, hyperreninemic, 
hypertensive syndrome called scleroderma renal crisis (SRC). Angiotensin-converting enzyme 
inhibitors have reduced a >90% l-year mortality rate to ~ 4 5 % .  Since early detection of SRC is 
essential, all diffuse SSc patients should self-determine blood pressures weekly. The patient at 
risk for SRC is older, often male, may have left ventricular congestive heart failure, and be in the 
first 3 years of diffuse SSc. Onset of SRC is often abrupt with headache, blurred vision, hyper- 
tension with retinopathy and papilledema, microangiopathic hemolytic ancmia, oliguria, and sud- 
den death if untreated. These features occur together and represent an acute emergency. Bxperi- 
ence has shown that if treatment with ACE inhibitors is begun at serum creatinine levels below 
4.0 mg/dL (350 MdL) ,  renal function can be stabilized and, over months, returned toward nor- 
mal. The most likely sequence of events is gradual reduction of renal blood flow from the vascu- 
lar lesion (intimal prolifcralion) characteristic o f  SSc; acute reduction of renal blood flow with re- 
duced glomerular filtration; the appearance of intravaseular coagulation; ischemia-reperfusion; 
microangiopathic hemolytic anemka; renin release; renal cortical vasospasms; cortical ischemia 
and infarction; undei-perfusion; proteinuria; renal insufficiency and accelerated hypertension with 
retinopathy; encephalopathy ; myocardial ischemia; and possibly peripheral vasospasm with gan- 
grene. Renin levels iii SRC are soinc of the highest measured in long-term clinical experience 
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with accelerated hypertension. Inhibiting angiotensin production has been very effective in stabi- 
lizing these extremely ill patients and resetting the baseline for a return of renal function. Short- 

may be needed, Peritoneal dialysis is relatively ineffective because SSc tissues 
have substantially reduced capillary beds, so that diffusion is slow and inefficient. In most set- 
tings, SSc patients on hemodialysis should be given 2 years for endogenous renal function to re- 
turn before transplantation is considered. Vascular access can be a problem due to widespread 
vascular and inicrovascular disease. Arteriovenous (AV) shunts can fail. 

We have had modest success reducing nucroangiopathy and intravascular coagulation with 
antiplatelet agents such as dipyridamole and aspirin (together). European investigators report 
some success with the 3- to 5-day protocol of intravenous prostacyclin analogues (IV Iloprost). 
Unfortunately, oral prostacyclin analogues do not seem to help. 

In the initial definition of the renovascular disease in SSc, renal arteriograms were done. 
Due to the ischemia produced by the dyes injected, especially in settings of low renal blood flow, 
they are contraindicated. The radioactive differential renal scans carry a lower risk and can be 
helpful in detecting asyrnrnetry or slight reductions in renal perfusion or urine flow (10). 

W. Musculoskeletal System 

Symmetrical polyarthralgia with stiffness affecting the hands, wrists, knees, and ankles are fre- 
quent initial complaints. The inflammatory features of synovitis are usually minimal to modest, 
upper exlremity joints (wrists, fingers) are usually symmetrically involved, and, except for the oc- 
casional patient with an overlap rheumatoid arthritis-SSc pattern of illness, erosive joint disease 
is very rare. The synovium contains layers of fibrin considered to be due to deficiencies in plas- 
minogen generation and increased concentrations of its inhibitor (PAI- 1). In patients whose skin 
has them “encased in steel,’’ considerablc disuse atrophy occurs that may influence joint structure 
and function. Radiographic evaluation is often complicated by flexion contractures and usually 
shows bone resorption, soft tissue atrophy, and subcutaneous calcifications. 

Skeletal musclcs are usually depleted in size and function in SSc. Disuse atrophy is imnpor- 
tant, loss of inicrovascular bed is important, and some SSc patients demonstrate an active myosi- 
tis with elevated enzymes and inflainniatory infiltrates. Electrical studies usually indicate neu- 
rovascular bundle muscle fiber defects and occasionally severe entrapment syndromes, such as 
trigiminal neuralgia. About 20% have an active, inflamniatory myositis indistinguishable from 
polymyositis, an overlap syndrome, which usually responds to glucocorticoid therapy. If steroid 
resistant, azathioprine (2.5 mgkg daily) or methotrexate (15-25 mg weekly) are used. 

IV. LABORATORY DIAGNOSIS 

A. Vascular Tests 

Occasionally, in the early stages of diagnosis, a confirmation of Kaynaud’s phenomenon is 
needed. The literature contains color photographs of hands showing mixtures of pallor, suffusion, 
cyanosis, and pigmentation; the definitive test is as described by Neilsen in which water of dif- 
fering temperatures is circulated through cuffs around the middle phalanx of the finger and digi- 
tal artery pressure is detected by an air cuff around the proximal phalanx of thc finger inflated to 
occlude a distal phalanx pulse plelhysmogram. Raynaud’s subjects are abiiormally sensitive to 
water temperatures below 25°C. The widefield nailfold capillary exanination should be a routine 
part of the evaluation of all patients suspected of a connective tissue disease (1 1 )  (Fig. 1) .  
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Figure 1 
dilated capillaries and avascular areas. Magnification 15 X. 

Widefield nailfold capillaroscopy, showing SSc-type nailfold capillary abnormalities, including 

6. Autaantibody Determinations 

The type of cell used for the ANA i s  important. It must be a human cell and it should be a rapidly 
dividing cell so that mitotic figurcs arc present to bind the anticentromere antibodies of Caucasian 
females with limited SSc. ‘The preferred cellular substrate is the HEp-2 cell, a human laryngeal 
carcinoma epithelial cell. When human, rapidly dividing cell substrates were introduced, the pro- 
portion of SSc patients who were positive doubled. Associations between autoantibody titers and 
SSc subset, as well as with specific SSc organ involvement (see Tables 3 and 7), are interesting but 
may not serve as therapeutic, prognostic, or management beacons in the individual patient (12). 

V. PATHOGENESIS 

Systemic sclerosis, probably first described in the eighteenth century, has become better under- 
stood in the twentieth century hut much remains unknown. Paul Klemperer brought SSc together 
with other systemic autoimmune diseases as a “collagen vascular” or a “diffuse connectivc tis- 
sue” disease in the 1940s. He characterized SSc a progressive systemic disease with skin, gut, 
lung, heart, and kidney involvement. A generalized vascular hypothesis was proposed in the 
1970s (1 3 )  initiating the present era of defining immune (including immunogenetic and autoim- 
mune), vascular wall (including endothelial and smooth muscle cell activationhjury), and inter- 
stitial (including fibroblast, pericyte, and cxtracellular matrix) fibrotic mechanisms. This era re- 
mains incomplete. Figure 2 indicates only some of the complexities involved. There is a scattering 
of SSc patients who are genetically deficient in complement components, especially those who 
carry null alleles for C4a. In general terms, HLA-DR3 tracks with limited, and DR5 with diffuse, 
SSc; however a much stronger association exists with autoantibody expression and the HLA hap- 
lotype. Intriguing as these may be, thcy do not assist in evaluating the individual patient. Other 
rcported associations include A9, B8, DR1, DR4, DQW7, and DPWS. Most patients express au- 
toantibodies to one of the following: centromere, topoisomerase I (anti-Scl-70), RNA polymerase 
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Figure 2 A hypothetical schema for the vascular injury in SSc. 

(I, HI), and Ul s n W  rformerly ENA, it is the serology purported to characterize mixed, over- 
lap, or undifferentiated connective tissue disease (UCTD)]. Proportions depend on ihc sensitivity 
of the test and thc subset of the patients studied (see Table 3). These may or may not be patho- 
genetically important. Beyond this group of four autoantibody profiles that have been incorpo- 
rated into subset classification, the list of antibodies found in SSc sera is long and heterogeneous, 
including cytomegalovirus, fibrillarin, fibrillin, Th (an endoribronuclcase), NOR-90 (a nucleolar 
organizer), PM-Scl (a nucleolar multi-subunit particle), and many overlap patterns. 

The Pact that nailfold capillary abnormalities and serum markers of endothelid injury 
(plasma FVIII-vWF levels, serum ACE levels) occur early in SSc indicates that vascular (mi- 
crovascular) abnormalities are significant in the pathogenesis of the disease. How do these occur? 
Several dif3-erent inmune-based types of endotheliotoxic agents have been reported. The first was 
a protease or proteases shown to be endotheliotoxic and later suggested to be a product of acti- 
vated T cells (granzyme). Antiendothelial antibodies (a term that probably encompasses an- 
tiphospholipid and antioxidized LDL antibodies) occur in some SSc patients. Antibody-depen- 
dent cell cytotoxicity (ADCC) mechanisms seem to be operative in some patients. Certain 
arachidonate products such as thromboxanes and certain leukotrienes are endotheliotoxic, as is 
the family of endohelin peptides. Angiotensin and norepinephrine can injure a susceptible ves- 
sel wall. Many of these agents induce vasoconstriction if not balanced by inhibitors or active va- 
sodilators. Ischemia and subsequent reperfusion is vasculotoxic in its own right as a ma-jor setting 
for the production and release of reactive oxygen species, which may be a common pathway link- 
ing idiopathic with environmental SSc (Table 5) and the various immune lriggers with the vascu- 
lar lesion of intimal proliferation. 

This vascular lesion is similar in autoimmune, rejection, and restenosis vascuiopathy, 
which share a propensity for cytomegalovirus infection. The similarities between SSc and homo- 
graft rejection, especially chronic graft vs. host reactions (GVHR), has prompted hypotheses that 
SSc represents an indolent GVHR based on the formation of a microchimeric state between 
mother and infant in vitro. Whether autoimmunity (and its immunodeficiency) begets mi- 
crochimerism or vice versa and whether this is unique to SSc remain to be determined. 

Unusual circulating T-cell profiles have been reported in SSc. A relative decrease in CD8 T 
cells in blood may be balanced by a relative increase in CD8 T cells in the fluids of affected or- 
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Table 5 

Drugs: blcomycin, methysergide, pentazocine, cocaine, ethosuximide, arnphetamine and other appetite sup- 

Amino acids and derivatives: L-tryptophan, L-5-OH-tryptophan, penicillamine 
Occupational exposures: 

Manual and vibrating 
Solvents: epoxy, benzene. toluene, trichlorocthylcnc, vinyl chloride 
Inhalants: silica and related dusts 
Ingestants: adulterated cooking oil (toxic oil) 

Fi,nvironmeotal Agents Associated with SSc" 

pressors 

'In vivo feature that many of thew agents share i s  the generation of reactive oxygen species (free radicals, including ni- 

See Nictert PI, et al. Is Occupational Organic Solvent Exposure a Risk Factor for Sclerodernia? Arthritis Rheum 1998; 
trogen based) wrth wbsequcnt lipid peroxidallon and endothelial activattron 01 injury. 

41:1111-1118. 

gans in SSc patients, especially bronchoalveloar lavage fluid (14). Many o f  these CD8 T cells 
carry the 7-6 T-cell receptor, which recognizes antigen independent of MHC-restricted antigen- 
prcsenting cells (such as dendritic cells), and which seems to have a propensity for recognition of 
certain heat shock proteins. These y-6 T cells are oligoclonally expanded and they seem to bind 
selectively to SSc fibroblasts in vitro (compared with control skin fibroblasts or with autologous 
a-P T cells). Yet to be dctermined are which ligands these 'y-6 T cells recognize; whether they con- 
tain granzyine-perforin (becoming cytolytic T lymphocytes, CTL); whether they recognize cy- 
tomegalovirus, a known stimulator ofy-6 T cells; and whcther their cytokinc profile is more profi- 
brogenic (interleukin-4, IL-4; transforming growth factor-& TGF-P) than would be expected 
(lS,16). 

. Cellular l m ~ u n e  

A distinct perivascular lyinphocytic infiltrate occurs in involved organs prior to the onset of tis- 
sue fibrosis and vascular injury. The cells are composed prcdominalely of the helper-T-cell phe- 
notype and are shown to express mRNA for TGF-Pl, IL-2 and 1L-4. A variety of  circulating cy- 
tokincs arc described including 1L-J , IL-2, IL-4, IL-6, IL-8, tumor necrosis factor-a (TW-a) and 
TNF-P, and solublc IL-2 receptors. 

. Cellular InteractiQns in Pathogenesis 

The pathogenetic hypothesis for scleroderma indicates the presence of cellular changcs that con- 
sist of a state of cellular activation in an interactive Fashion. Manifestations and consequences of  
this activated state are fibroblast migration to the perivascular spaces, proliferation, and increase 
in matrix synthesis. Mast cell migration and degranulation are prominent. Endothelial activation 
is demonstrated by a change in biological function to a proinflanimatory (expression of the ad- 
hesion molecules ICAM-I, p1 integi-in and ELAM- l), promitogenic (expression of PDGF), and 
provasospastic (increased endothelin and decreased nitric oxide production) phenotype. Injury to 
the vascular endothclium, particularly of the microvessels, is the only cellular injury seen in this 
cellular interactive proccss, suggesting endothelial cells as the target of the immune reaction. 

The differential diagnosis of scleroderma includes a number of fibrotic conditions that will not be 
described in detail here (Table 6). These conditions may mimic scleroderma skin disease but are 
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Table 6 Differential Diagnosis of Sclerodenna 

Eosinophilic fasciitis 
Eosinophilia myalgia syndrome 
Scleredenia 
Sclerom yxdema 
POEMS syndrome 
Progeria 
Porpliyria cutania tarda 
Reflex sympathetic dystrophy 
BIeomycin and other drug-induced fibrosis 
Carcinoid syndrome 
Amyloidosis 
Phenylketonuria 

distinguished by the lack of the classic scleroderma visceral involvement, the absence of RP, and 
the lack of hand and feet cutaneous involvement; by frequent ncuropathy and myalgia; and by 
characteristic clinical features of their own. An increased incidence of scleroderma has been re- 
ported in patients with chronic graft vs. host disease; gold, coal and silica mincrs; and in those ex- 
posed to organic solvent (sec Table 5 ) .  

B. Therapy of Raynaud's Phenomenon 

The management of Raynaud's phenomenon is aimed at increasing the patient's digital blood 
flow and at preventing vasospasrn. The simplest vasodilatory therapy is protection against cold 
exposure. Improvement of resting digital skin temperature has been noted after biofeedback train- 
ing. However, long-term maintenance of the responses is variable. 

Several types of drugs have been useful in preventing the ischemic events of Raynaud's 
(Figs. 3 and 4, Tables 7 and 8) .  The calcium channel blockers have gained widespread acceptance 

Figure 3 Multiple ischemic digital ulcers in a 33-year-old patient with %month history of sclerodactyly 
and 10-year history of Raynaud's phenomenon. A positive anticentromere antibody of 1 :6 12 was noted. 
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Figure 4 lland arteriogran of thc patient in Figure 1. Note occlusion o f  the distal ulnar artcry approxi- 
mately 2.0 cm proximal to the articular surface of the distal ulna with collateral vessels at the point of oc- 
clusion, The superiicial palmer arch is occluded. Diffuse occlusive disease in the digital arteries IS promi- 
nent. 

Table 7 Treatment of Raynauds Phenomenon 

Avoidance of cold 
Cessation of cigarette smoking 
Biofeedback training 
Drug therapy 

Nifedipene-XL 30-60 nig/day 
Dilliazem-cd 120-240 mg/day 
Pramsin 1-2 mg tid 
Tolazoline 80 mg bid 
Phenoxybenzamine 5-80 mdday 
Alphamethyldopa 250-500 tid 
Ketanserin 20-40 mg tid 
Pentoxifylline 400 mg rid 
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Table 8 Therapy for RP and Digital Ulcers 

Adequate treatment of KP 
Topical nitroglycerin 
StanaLolol 
Tissue plasminogen activator 
Prostacyclin, iloprost or PGEI infusion 
Pharmacologic cervical sympathectomy and stellate ganglion blockade 
Microsurgical digital sympdthectorny 
Antibiotics for osteornyelitis 

as first choice. Nifedipine-XL, 30-90 mg daily, is the most effective; its use, however, may be as- 
sociated with orthostatic side effects. Diltiazem-CD, 140-300 mg i s  less effective but better tol- 
erated. If calcium channel blockers prove to be ineffective, then other agents may be tried, such 
as prazosin hydrochloride, 1-5 mg daily; a-methyldopa, 1-2 g daily; tolazoline, 80 mg twice 
daily; reserpine. 0.25-0.5 mg daily; phenoxybenzamine, 5-80 mg daily; and dipyridamole, 
200-400 mg daily in combinalion with I50 mg aspirin daily. Symptomatic improvement has been 
reported by the use of the angiotensin-converting enzyme inhibitors captopril and enaloapril. Ni- 
troglycerin can be helphl when applied topically 2-3 times daily at the base of the digits. Some 
improvement has been reported with the oral serotonin antagonist, ketanscrin. Beneficial effects 
have also been reported over several months with drugs that enhance red cell deformabiiity, such 
as pentoxifyline, 400 mg 3 times daily, and drugs that stimulate fibrinolysis, such as stanozolol, 
5 mg daily. Sustained improvement has becn reported after 3 days of intravenous infusion of Ilo- 
prost (prostacyclin analogue). Persistent digital ulcers can be a difficult management problem 
(see Tables 7 and 8). 

C. Therapy of Gastrointestinal Systemic Sclerosis 

Symptomatic esophageal reflux is best managed by avoidance of recumbcnt position after meals, 
elevation of the head of the bed, and regular use of antacids. H, antagonists (cimetidine, famoti- 
dine, ranitidine) and sucralfate may be effective. The gastric acid pump inhibitor omeprazole i s  
quite effective in thc management of re flux; long-term studies document the safety of this agent. 
Meloclopramide has been shown to have a small beneficial cffect in improving esophageal motil- 
ity. Better results are reported with the use of cisapride, which is shown to increase lower 
esophageal sphincter pressure and the number of gastric contractions. Octreotide (long-acting so- 
matostatin analogue) and erythromycin can improve GI motility. Malabsorption syndrome is best 
managed by use of broad spectrum antibiotics to reduce bacterial overgrowth. Cyclic intermittent 
courses (2 weeks per month) of tetracycline, ampicillin, and erythromycin are effective. 

In patients with sevcre gastrointestinal hypomotility, intermittent ileus, and malnutrition, 
home hyperalimentation is an effective therapy that restores adequate nutritional status and dra- 
matically improves the quality of life; however, late complications with increased mortality from 
thrombosis, septicemia, and liver failure have been reported. 

D. Course 

The course of scleroderma is extremely variable; early detection of organ involvement and care- 
ful therapeutic intervention are essential for optimal patient happiness and survival. Variables that 
predict poor survival include older age, reduced renal function, anemia, and reduced pulmonary 
diffusing capacity. These parameters may be useful in predicting individual patients at risk for 
shortened survival. Sclcrodeima remains a lethal rheumatic disorder. The cumulative survival rate 



Systemic Sclerosis with Vascular Emphasis 635 

is 80% at 2 years, 50% at 8 years, and 30% at 12 years of disease onset, with reduced survival 
predicted by older age, and renal, pulmonary, and cardiac involvement. 

E. General 

No effective disease-modifying therapy exists to control or cure SSc. Recent controlled trials doc- 
ument the lack of effect of D-penicillamine, methotrexate, antilymphocyte globulin, and cc and y 
interferons. Organ-specific therapies are the mainstays of management. It is complex to decide 
how often and how intensively one should search for vascular involvement and functional organ 
compromise in SSc. Subset classification helps. 

In the fully expressed limited SSc patient, who is usually a Caucasian female who has com- 
pleted her cllildbearing aspirations and whose disease manifestations include RP with or without 
evidence of digital ischemia (ulcers, digital pits, paronychia, gangrene, and autoamputation; see 
Figure 3), sclerodactyly, and/or esophageal dysphagia, monitoring for pulmonary hypertension 
(by echocardiography with Doppler of the tricuspid valve) every 1-3 years and for interstitial 
lung disease (alveolitis and fibrosis by chest CT scan) every 3-6 years seems appropriate. In con- 
trast, in the diffuse SSc patient, lung function and C T  chest scans should be yearly or, if positive, 
twice yearly to monitor closely and attempt to find alveolitis, currently detectable by CT and, if 
equivocal, by lavage. In addition, the diffuse SSc patient should take his or her own blood pres- 
sure weekly with a cuff and report increases of 30 mm Hg systolic or 20 mm Hg diastolic imme- 
diately. 

With the exception of angiotensin-converting enzyme inhibitors to forestall scleroderma 
renal crisis and with the possible exception of combined therapy with prednisone and cyclophos- 
phamide to inhibit the gradual progression of alveolitis to fibrosis in interstitial lung disease, no 
therapy has unequivocally been shown to change the natural history of either limited or diffuse 
SSc. Specifically, D-penicillamine, colchicine, or calcium channel blockers may provide symp- 
tomatic relief or reduce changes in one or another target organ but have not as yet been shown to 
change the pattern or progression of involvement. 

I t  i s  tempting to use glucocorticoids chronically for the musculoskeletal features of SSc. 
This powerful aritiinflammatory agent should be reserved for acute therapy aimed at specific in- 
flammatory findings. The danger with chronic glucocorticoids is the risk of precipitating sclero- 
derma renal crisis probably via a mineralocorticoid pathway. 

Current trials for general SSc therapy in the hope of developing a truly disease-modifying 
regimen include: relaxin ( 1  7), minocycline, the induction of oral tolerancc to collagen, cxtracor- 
poreal photopheresis, high-dose immunosuppression (cyclophosphamide) with or without autol- 
ogous stem cell rescue, and methotrexate. Trials take long periods, require carefully stratified pa- 
tients, leave little ethical space for placebo trials, are often unable to obtain financial sponsorship, 
and are often hamrncred by regulatory groups because SSc patients die of their disease both in 
and out of trials. 

Just as the tools lo monitor therapeutic erficacy are limiled, the cnterh to ascertain activity 
are also not well defined. Does one monitor immune (serum IL-2), vascular (plasma v W  levels) 
or fibrotic (type 111 collagen propeptide, serum, or urine) parameters? These are only a few of the 
complicating aspects of determining disease activity, disease severity, or therapeutic efficacy in 
this variable, episodic disease (4). 
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Sjiigren's syndrome (SS) is a systemic autoimmune disorder characterized by clinical features of 
severe dry eyes and dry mouth (sicca symptoms) as a result of lymphocytic infiltration of the sali- 
vary and lacrimal glands. The patients have clinical and laboratory manifestations of a systemic 
autoininiune disorder. Vascular involvement in SS takes several forms: (1) inflammatory disease 
of the blood vessels, including ocular surface, oral surface, skin, lung, heart, kidney and nervous 
system; (2) noninflamnatory disease of blood vessels (Raynaud's phenomena); (3) increased fre- 
quency of venous thrombosis as part of the spectrum of anticardiolipin syndrome; and (4) auto- 
nomic neuropathy in which local inflammatory response alters vascular permeability and tone. 

I t .  IOLOGY 

Sjogren's syndrome is subdivided into primary SS (1" SS) and seconda-y SS (2" SS), where the 
sicca symptoms are associated with another well-defined autoimmune disorder such as rheunia- 
toid arthritis (RA), systemic lupus crythematosus (SLE), polymyositis, or progressive systemic 
sclerosis (scleroderma). Primary SS is predominant in females (9: l), with peak age incidences in 
the childbearing agc (25-35 years) and in the early postmenopausal age (50-55 years). The pre- 
cise Frequency of 1"SS depends on the criteria system used (discussed below). However, the fre- 
quency ranges from approximately 0.5% (Sail Diego criteria) to 3% (original EEC criteria) for 
primary SS. 

In 2"SS associated with SLE, the clinical distinction from 1 "SS is often very difficult, since 
both groups of patients have a positive antinuclear antibody (ANA), anti-SS-A antibody, arthral- 
gias, leukopcnia, and increased frequency of HLA-DR3. In considering the differential diagnosis 
between primary SS and secondary SS with SLE, it is easiest to think of SLE as a group of dis- 
eases in which each mutually exclusive subgroup has its own characteristic pattern of autoanti- 
bodies (i.e., anti-SS-A, anti-DNA, anti-RNP, etc.). One subset of these SLE patients (HLA-DR3, 
anti-SS A antibody) shares clinical features, prognosis and therapeutic approach with the primary 
SS patients. Patients with secondary SS and SLE generally lack renal involvement or anti-DNA, 
anti-Sni, or anti-RNP antibodies. 
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The most common disease associated with 2"SS is RA, due to the high frequency of RA in 
the general population. The onset of sicca symptoms is generally many years after the onset of 
joint symptoms. Ocular symptoms are more common than oral symptoms in 2"SS plus RA. 

Finally, sicca symptoms may be associated with sclcroderma. However, the pathogenesis 
ol sicca symptoms in these patients appears different from 1"SS. Minor salivary gland biopsies 
from 2"SS plus scleroderma patients show a predominant pattern of glandular fibrosis rather than 
the lymphocytic infiltrates characteristic of 1 "SS biopsies. These patients have a different pattern 
of autoantibodies and different associated HLA-DR alleles. It has been suggested that sicca 
symptoms in scleroderma are more similar in pathogenesis to those occurring in patients with 
graft vs. host disease after bone marrow transplantation. 

111. DIAGNOSIS 

As noted above, there is a current debate over the criteria for diagnosis of primary SS. In 1932, 
Henrik Sjiigren reported the triad of keratoconjunctivitis sicca (KCS), xerostomia, and rheuma- 
toid arthritis. The clinical spectrum of SS as a systemic autoimmune disease was further defined 
by Bloch et al. (1) in 1956. Although the ocular Component of SS was clearly outlined (i.e., ker- 
atoconjunctivitis sicca), the criteria for the oral component was not strictly outlined and has led 
to much of thc present confusion in diagnosis. The demonstration of focal lymphocytic infiltrates 
on minor salivary gland (SG) biopsy has remained the "gold standard" for the oral component of 
SS. A cluster of 50 or more lymphocytes is called a "fbcus" and an average focus score of 2 or 
more per 4 mm2 fulfills the diagnosis of SS in the San fjrancisco criteria (2). Multiple studies have 
shown that a positive SG biopsy is closely correlated with KCS and antinuclear antibodies di- 
rected against SS-A (Ro) and SS-B (La) antigens (2). 

However, many clinicians are hesitant to perform a minor salivary gland biopsy, due to the 
risk of numbness of the lip if the biopsy is not performed correctly. Thus, other classification sys- 
tems have been proposed that do not require a biopsy, including the San Diego criteria where pa- 
tients have ( 1  j objective KCS and xerostomia, and ( 2 )  a characteristic minor SG biopsy or evi- 
dence of a systemic autoimmune disease as manifested by Characteristic autoantibodies (3). 
Using this criteria, about 0.5% of adult females would be diagnosed as having 1 "SS. 

The European (EEC) committee for SS proposed a different set of criteria that can be ful- 
filled without either biopsy or serological abnormality (4). Using this criteria, about 3% of all 
adults would be classified as 1 "SS. Features of each of these classification systems are summa- 
rized in Table I ,  Also, exclusions to diagnosis of SS differ in the San Diego and EEC criteria. For 
example, patients with sicca symptoms associated with hepatitis C infection or preexisting lym- 
phoma (5) are excluded from diagnosis as SS in the San Diego criteria (6) but included in the EEC 
criteria. This i s  a significant problem, since up to 20% of SS patients fulfilling EEC criteria have 
hepatitis C (7). 

Comparison of SS patients fulfilling different criteria systems indicates that only about 15% 
of the patients lulfilling the EEC criteria would be diagnosed as SS using the San Diego crileria 
(4). Therefore, it is difficult to compare studies published from Europe (whcre EEC criteria are 
frequently used) to studies published in the United States where other diagnostic criteria are often 
used. Fortunately, a recent abstract from the EEC study group has suggested modification of the 
European criteria to require either a positive minor salivary gland biopsy (focus score 1 or greater) 
or positive antibody against SS-A antigen (8). This revision of the EEC criteria will lead to much 
closer agreement between the San Diego and EEC criteria. In this chapter, we wiII use the San 
Diego criteria for SS (3), since these patients share common features of minor salivary gland 
biopsy, autoantibodies, and particular HLA-DWDQ alleles. 
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Table 1 Comparison of Different Criteria for the Diagnosis of Sjogi-en’s Syndrome 
-- 

Lip biopsy focus Autoantibody Criteria exclusion: 
score required (anti-SS-A), hepatitis C and 

Criteria for diagnosis 9% patients other diseasesd Reference 

San Francisco 2 2 b  
Sail Diego r2h 
European (EEC) original l C  
European (EEC) revised Id 

78 
28 
74 

yes 2 
yes 3 
no 4 
no 8 

‘Patients with history of preexistent diseases such as hepatitis C, lymphoma, sarcoidosis, or other known causes of lym- 

“A focus refers to a cluster of 50 or more lymphocytes in a minor salivary gland biopsy; the average number of foci in a 
4 mmz area of salivary gland biopsy is termed the focus score. Lobules with dilated ducts (nonspecific sialadenitis) are 
excluded from evaluatioii. 

‘Lip biopsy is iiot required in EEC critcm, but a focus score of only I is described as sufficient to serve as a posi1:ive char- 
acteristic. 

“In the proposed revision of the BEC cnteria, either a positive minor salivary gland hiopsy (focu 
postive anti-SS-A antibody is required for diagnosis. 

IV. O ~ ~ L A R  SURFACE AND LACRI~AL GLAND ABNORMALITIES 

SS provides an opportunity to study the interaction of the neuroimmune and exocrine systems. 
The regulation of the autonomic nervous system controls the regional blood flow and pei-meabil- 
ity of blood vessels supplying the salivary and lacrimal glands. 

The major component of tears and saliva is water, which is derived from the small postar- 
terial capillaries that supply the glands. Normal lacrimal and salivary flow is regulatcd through 
feedback mechanisms shown schematically in Figure I .  The mucosal surfaces of the eye or niouth 
are heavily innervated by unmyelinated fibers that carry afferent signals to the lacrimatory or sal- 
vatory nuclei located in the medulla. These mcdullary nuclei, which arc part of the autonomic 
nervous system, are influenced by higher cortical inputs, including taste, smell, anxiety, and de- 
pression. The efferent neurons innervate both glandular cells and local blood vessels. The blood 
vessels provide no1 only water for tears and saliva, but also growth factors including hormones 
(e.g., insulin) and matrix proteins (e.g., fibronectin and vitronectin) in the perivascular space of 
the lacrimal and salivary glands. In response to neural stimulation through muscarinic M3 recep- 
tors and vasoactive intestinal peptide (VIP) receptors, glandular acinar and ductal cells secrete 
water, proteins, and niucopolysaccharides (mucinsj. This complex mixture forms a hydrated gel 
that lubricates the ocular surface (i.e,, tears) and the oral mucosa (i.e., saliva). 

A common misconception about SS is that sicca syndrome results from the total immune 
destruction of the lacrimal or salivary gland. A ininor SG biopsy from a SS patient is shown in 
Figure 2A, which shows lyrnphocytic infiltrates in the central region of the lobule; in comparison, 
a histologically normal minor SG biopsy is shown in Figure 2B. Around the periphery of the lob- 
ule in Figure 2A, acinar and ductal cells are still present even though this paticnt has had symp- 
toms of severe sicca syndrome for over 10 years. This retention of almost half of the glandular 
epithelial cells in SS contrasts with other organ-specific autoimmune disorders such as type I di- 
abetes mellitus, where destruction of insulin producing epilhelial cells occurs before clinical 
symptoms arc apparent. Morphometric analysis of SS biopsies shows that almost half of the aci- 
nar cells remain histologically intact in patients with long-standing sicca symptoms (9). 
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Flgure 1 Schematic representation for the regulation of normal lacrimal and salivary secretion. Afferent 
nerves respond to signals from the mucosal surfaces of the eye and mouth. These unmyelinated nerves travel 
to areas of the midbrain (iacrimatory and salivatory nuclei), whcre they are integrated with signals from 
higher cortical centers. The net signal (i.e., decision for salivation or lacrimation) leads to generation of an 
efferent nerve signal sent back to blood vessels (sympathetic nerves) and to glands (cholinergic nerves). The 
blood vessels provide a source of water, proleins, hormones and nutrients that are subsequently pumped onto 
the mucosal surface as secretions. As part or nomal mucosal defense, lymphocytes also routinely traffic 
through the glands but undergo apoptosis due to constitutive production of Fas by the epithelial cells. 

The failure of residual acini in SS glands to function adequately may result partly from the 
loss of neural innervalion, as indicated decreased neural axon specific protein 9.5 and synapto- 
physin by immunohistological methods (10). Acetylcholine is required for acinar secretion and 
VIP for glandular homeostasis (1 1). The release of cytokines, particularly tumor necrosis factor- 
a (TNF-a) and interleukin-1 (11,-I) may be toxic to local nerves or acini (12,13). Cytokines IL- 
I or TNF-a in amounts similar to the Icvels found in SS glands or saliva are "toxic" to nerve cells 
grown in vitro (14) or in mice expressing these transgenes (IS). 

Other factors may be involved in thc decreased rcsponse of acinar cells to neural stimnula- 
tion. A recent inimunohistological study noted a decrease in the phosphokinase C (PKC) isoform 
beta pi in acinar epithelial cells and the zeta isoform in myoepithelial cells of minor SG biopsies 
of SS patients (16). This alteration in PKC isoforms would be predicted to decrease the secretory 
response to cholinergic stimulation. Further, antibodies against muscarinic M3 receptors have 
been found in SS patients and may compete with acetylcholine (17). 

In the simplest model of SS (Fig. 3), the lacrimal or salivary gland is incapable of adcquale 
rcsponse to neural signals as a consequence of local immune infiltrates and their derived cy- 
tokines. The actual processes in SS or autonomic neuropathy are more complicated than indicated 
in these schematic diagrams, which are primarily designed to emphasize that salivation or 
lacrimation is part of a regulatory circuit involving the central nervous system (1 8). 
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Figure 2 Photomicrographs of the minor salivary gland biopsies. A, C, D, E, and F arc from a patient with 
SS (original magnification SO, 200, and 500 x). E and F show high endothelial venules containing red blood 
cells and lymphocytcs migrating into the gland. B i s  a normal salivary gland biopsy (original magnification 
SOX). Arrows in C and D indicate lymphocytes infiltrating the acinar and ductal structures. 

acinar 
destruct 
(water) 

gland 
destruct 
(protein) 

+ Mucosai Surface 
tear secretion 

for "emotional 

Figure 3 Schematic view of S S  where the glandular dysfunction prevents the neural signal from initiat- 
ing glandular secretion. lymphocytes in the gland resist apoptosis due to upregulation of bcl-x and release 
cytokincs that impair glandular response to neurotransmitters. Further, antibodies may be secreted to mus- 
carinic M3 receptors that partially block response to acetylcholine. 
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V. VASCULAR INV 

In addition to ocular manifestations of keratoconjunctivitis sicca discussed above, ocular vas- 
culitis may be manifest as a “corneal melt“ (19). In thcse unfortunate patients, corneal vasculitis 
leads to anoxic damage of the cornea and thinning of the cornea with possible rupture of the 
globe. This occurs most commonly in the presence of nodular scleritis in RA patients with 2” SS 
(20), but may occur in the absence of nodules in patients with 1’ SS (2 i ). Retinal involvement is 
very uncomnion in SS patients (22) and suggests the diagnosis of SLE or uveitis-related diseases 
such as Reitcr’s syndrome. Visual loss in SS paticnts may be due to demyelinating disease or em- 
bolic disease (2 1). 

Tn addition to oral problems involving accelerated periodontal disease and increased fre- 
quency of oral infections (particularly candidiasis) (23), SS patients may rarely develop a necro- 
tizing vascuiiitis of the mucus membranes (24). These vasculitic lesions in the nose are clinically 
and histologically similar to Wegener’s granulomatosis (25). 

Skin manifestations include leukocytoclastic vasculitis that presents as palpabie purpura 
(26,27). These lesions may have the appearance of erythema multiforme (28,29) or erythema an- 
nulare (30). These lesions are generally present symmetrically, but an asymmetric distribution 
should raise a search for possible embolic sources. 

Patients with SS develop nonpalpable purpura; symmetric involvement of the lower ex- 
tremities is much more common than upper extremities (3 1,32). Hypergammaglobuleniic pnr- 
pura is relatively common in SS patients and may lead to sensory peripheral neuropathy (33-35). 
In a large cohort of patients with hyperglobulinemic purpura, about 50% had coexistent SS (36). 
The skin lesions are often associated with circulating type I1 mixed cryoglobulin (polyclonal IgG 
and monoclonal rheumatoid factor). The rheumatoid factor (RF) is often an IgM-K monoclonal 
rheumatoid factor containing the VKIIIb subsubclass of light chains (37). This RF has an idio- 
type defined by a specific monoclonal antibody called 17-109. The skin biopsies generally show 
rheumatoid lactor containing this idiotype and deposition of complement (38). It has been as- 
sumed that inmune complexes become trapped at the bifurcation of small blood vessels, leading 
to complement activation by the immune complex. In patients with skin manifestations of mixed 
cryoglobulinemia and sicca complaints, hepatitis C infection should be excluded (7,39). 

Urticaria1 vasculitis has been reported in SS patients (40) but is relatively uncommon. An 
unusual skin lesion called “subacute” lupus (with clinical appearance of psoriaform lesions) (41) 
has been reported in patients with SS (42). These patients often lack an ANA when the mouse kid- 
ney is used as a substrate but exhibit a positive ANA when Hep 2 cells are used as substrate. Fur- 
ther, these patients frequently exhibit a positive anti--SS-A antibody. 

Patients with SS may develop vascular manifestation of lung disease, including pulmonary 
hypertension (43,44). Vasculitis involving the lung in SS patients has been reported in association 
with mixed cryogiobulinenlia (38). Interstitial pncumonitis may occur in SS patients (45) with 
lung biopsies showing features ranging from usual interstitial pneumonitis (46) to lymphocytic 
interstitial pneumonitis (47). 

Gastrointestinal manifestations of SS may include mesenteric vasculitis (48), although this 
is quite rare (49). Patients with SS with mixed cryoglobulinemia inay develop abdominal pain 
and, rarely, infarcts of the spleen or other abdominal organs. Abnormal liver tests may reflect pri- 
tnary biliary cirrhosis, in which patients lrcquently exhibit sicca symptoms (49). However, many 
of the hepatic manifestations initially associated with SS are now recognized as due to hepatitis 
C and its associated mixed cryoglobulinemia. 

Central nervous system involvement in SS covers the same spectrum of disorders as found 
in SLE patients. This includes small-vessel arteritis causing encephalopathy (50) or thrombotic 
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infarcts of the brain presenting as a stroke (51). The role of vasculitis in neuropsychiatric inani- 
festations in SS patients remains unclear (52) but niay involve alterations in regioiial blood flow 
within the brain (53). Initial reports suggested an elevated frequency of demyelinating disorders 
in SS patients that mimicked multiple sclerosis (50,54). However, subsequent studies have not 
found an increased frequency of demyelinating lesions in SS patients (55,56). Sudden hearing 
loss in SS patients has been reported and is presumed to result from vasculitic infarct of the 
acoustic nerve (57). 

Similar to SLE, patients may develop pleurisy or pericarditis. However, the incidence of 
clinically evident pericarditis or pleuritis is probably less than 10% of patients. Coronary arteri- 
tis is very rare in SS patients (58). Although cardiomyopathy may be present in SS patients, it is 
usally due to accelerated atherosclerotic disease (especially in patients on chronic steroids), any- 
loidosis, or an unrecognized manifestation or as associated polymyositis (58). 

Patients with SS have been reported to have increased frequency of interstitial cystitis. Most 
of the reported studies have not confirmed the clinical diagnosis with bladder biopsies. However, 
a small proportion of SS patients with a novel autoantibody against a 70-kD protein (59) had 
biopsy proven interstitial cystitis. 

Nephritis is generally interstitial but glomerulonephritis may occur in priniluy SS patients 
(60); however, the occurrcnce of glomerulonephritis should slimulatc a search for amyloid or 
SLE. 

Anticardiolipin antibodies are found in a subset of SS patients and are generally IgA iso- 
type, with lower incidence of thrombosis than found in SLE patients (61,62). However, the oc- 
currence of thrombotic events in SS patients should trigger a search for anticardiolipin antibod- 
ies, anti-Pz glycoprotein I antibodies, and elevatioii of homocysteine levels (63). Of note, the 
administration or mcthotrcxate in the absence of folic acid (either due to failure to coadmiiiister 
or nonconipliance of patient) may lead to significant elevation of homocysteine levels, a signifi- 
cant cofactor in thrombosis, particularly in the setting of anticardiolipin syndrome. 

The treatment of extraglandular symptoms of SS remains similar to treatment of SLE (64). Symp- 
toms of arthralgia niay respond to noiisteroidal antiinflammatory agents or antimalarials (65). In 
the patient with vasculitis, the key question is whether visceral organs are involved. 

Initial treatment of systemic vasculitis involving visceral organs (i.e., brain, lung, kidney) 
remains corticosteroids, usually i n  doses from 0.5-2 mg/kg. In patients with lifc-threatening 
organ involvement, intravenous cyclophosphamide ( 1  0-30 mg/kg) is often used at monthly in- 
tervals for at leas1 3 months (66). Although the risk of lymphoma is incrcased in SS patients (67), 
the need for iimiediate therapy with cyclopliospliamide takes precedence in the short term (58). 

Tn order to hcilitate tapering of corticosteroids, other immune suppressive drugs such as 
methotrexate (68) and cycloporin A (66) have been used and reported to be useful (68). However 
cyclosporin A, FK-506, or rapamycin have not been well tolerated in SS due to rcnal toxicity, in- 
creased preexistent interstitial nephritis, and concerns about the tendency toward lymphoma as- 
sociatcd with chronic therapy (69). Previous studies with azathioprine have indicated relatively 
little benefit and limitation due to gastrointestinal and hematologic toxicity (70). 

The recent success of “biologic” agents (i.e., anti-TNF antibody andTNF receptors) in RA 
and 1V gammaglobulin in various autoimmune diseases suggests that there may a potential role 
for these agents. 
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VII. SUMMARY 

The term Sjogren’s syndrome (SS) refers to xerophthalmia and xerostoniia due to lymphocytic 
infiltrates of lacrimal and salivary glands. The criteria for diagnosis of primary Sjogren’s syn- 
drome has been controversial. The absence of a uniformly accepted criteria has led to confusion 
in clinical practice and in the research literature. For example, only 15% of patients that fulfill Eu- 
ropean (EEC) criteria for SS would fulfill the San Diego criteria. This difference in disease elas- 
sification leads to difficulty in comparing clinical trials and in elucidating pathogenetic mecha- 
nisms, since different patient populations are evaluated. 

ACKNOWLEDGMENTS 

The research of RIF was supported by NIH grant MO1-RR000831 and from the Department of 
Academic Affairs of the Scripps Institute for Research and Medicine. Additional support for post- 
doctoral fellows (JH and CC) was provided by grants from the Hennings Memorial Trust, the Flo- 
rence, the Scripps-Stedham, the Kovler, and the Ramsdell Foundations. 

REFERENCES 

1 .  

2. 

3. 

4. 

5. 

6. 
7. 

8. 

9. 

10. 

1 1 .  
12. 

13. 

Bloch IU, Buchanan WW, Wohl MJ, Bunim JJ. Sjogren’s syndrome: A clinical, pathological and sero- 
logical study of 62 eases. Medicine (Baltimore) 1956; 44:187-231. 
Daniels TE, Whitcher JP. Association of patterns of labial salivary gland inflammation with kerato- 
conjunctivitis sicca. Analysis of 6 18 patients with suspected Sjogren’s syndrome. Arthritis Rheum 

Fox RI, Saito 1. Criteria for diagnosis of Sjogren’s syndrome. Rheum Dis Clin North Am 1994; 20: 
391-407. 
Vitali C. Moutsopoulos HM, Bombardieri S. The European Community Study Group 011 diagnostic 
criteria for Sjogren’s syndrome. Sensitivity and specificity of tests for ocular and oral involvement in 
Sjogren’s syndrome. Ann Rheum Dis 1994; 53537-647. 
Haddad J, Deny P, Mum-Gotheil C, Anibrosini JC. Lymphocytic sialadenitis of Sjogren’s syndrome 
associated with chronic hepatitis C virus liver diseasc. Lancet 1992; 8:32 1-323. 
Fox R. Classification Criteria for Sjiigren’s syndrome. Rheum Dis Clin North Am 1994; 20391-407. 
Jorgensen C, Legouffe MC, Pcrncy P, Coste J, Tissot B, Segarra C, Bologna C, Rourrat L, Combe B, 
Blanc F, Sany J. Sicca syndrome associated with hepatitis C virus infection. Arthritis Rheum 1996; 39: 

Vitali C, Bombardieri S, European Community Study Group on Diagnostic Crileria. The European 
classification criteria for Sjogren’s syndrome (SS): Proposal for modification of the rules for elassifi- 
cation suggested by the analysis of the receiver operating characterktic (KOCS) curve of the criteria 
performance. J Rheum 1997; 24(suppl):S 18. 
AndohY, Shimura S ,  Sawai T, Sasaki H, Takishiina T, Shirato K. Morphometric analysis of secretory 
glands in Sjagren’s syndrome. Am Rev Respir Dis 1993; 148:1358-1362. 
Konttinen YT, Sorsa T, Hukkanen M, Segerberg M, et al. Topology of inncwation of labial salivary 
glands by protein gene product 9.5 and synaptophysin immunoreactive nerves in patients with SjS- 
gren’s syndrome. J Rheumatol 1992; 19:30-37. 
Ekstrorn J. Autonomic control of salivary sccredon. Proc Finn Dent Soc 1989; X5:323-331. 
Main C, Rlennerhassett P, Collins SM. Hunian recombinant interleukin 1 beta suppresses acetyl- 
choline release from rat myenteric plexus. Gastroenterology 1993; 104: 1648-1654. 
Lu G, Beuerman RW, Zhao S, Sun G, Nguyen DH, Ma S, Kline DC. Tumor necrosis Factor-alpha and 
interleukin-] induce activation of MAP kinasc and SAP kinase in  human neuroina fibroblasts. Neu- 
rochem Int 1997; 30:401-410. 

1994; 37:869-877. 

1 I 66-1 1 7 1 . 



Sjogren’s Syndrome 645 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33 I 

34. 

35. 

36. 

Soliven B, Wang N. Tumor necrosis lactor-alpha regulates nicotinic responses in mixed cultures of 
sympathetic neurons and nonneuronal cells. J Neurochem 1995; 64:883-894. 
Campbell IL. Neuropathogenic actions of cytokines assessed in transgenic mice. Int J Dcv Neurosci 

Tornwall J, Konttinen Y, Tuomen K, Tornwall M. Salivary gland acinar epithelial cells are delicient in 
their protein kinase C expression in Sjiigren syndrome. Lancet 1997; 349: I81 4-1 81 5. 
Borda E, Camusso JJ, Perez Leiros C, Bacman S, Hubscher 0, Arana R, Sterin-Borda L. Circulating 
antibodies against neonatal cardiac muscarinic acetylcholine receptor in patients with Sjogren’s syn- 
drome. Mol Cell Biochem 1996; 163-164:335-341. 
Stern ME, Beuerman RW, Fox RI, Gao J, Mircheff AK, Pflugfelder SC. ’The pathology of dry eye: The 
interaction between the ocular surface and lacrimal glands. Cornea 1998; 17:584-589. 
Squii~ell DM, Winfield J, Amos RS. Peripheral ulcerative keratitis ‘corneal melt’ and rheumatoid 
arthritis: A case seiics. Rhe~unatol 1999; 38:1245-1248. 
Hazleman BL. Rheumatic disorders of the eye and the various structures involved. Br J Rheumatol 

Soukiasian SH, Foster CS, RaiLman MB. Treatment slrategies for sclenlis and uveitis associated with 
inflammatory bowel disease. Am J Ophthalmol 1994: 118:601-611. 
Rosenbaum JT, Robertson JE Jr. Recognition of posterior scleritis and its treatment with indomethacin. 
Retina 1993; 13:17-21. 
Hernandez YI ,. Daniels E. Oral candidiasis in Sjdgren’s syndrome: Prevalence, clinical correlation 
and treatment. Oral Surg Oral Med Oral Pathol 1989: 68:324-329. 
Lotti TM, Comacchi C, Ghersetich I. Cutaneous necroti7ing vasculitis: Relation to systemic disease. 
Adv ExpMed Biol 1999; 455:115-125. 
Daniels TE, Fox PC. Salivary and oral components of Sjogren’s syndrome. Rheum Dis Clin North Am 

Alexander EL, Provost ‘IT. Cutaneous manifestations of primary Sjbgren’s syndrome: A reflection of 
vasculitis and association with anti-Ro (SSA) antibodics. J Invest Dermatol 1983; 80:386-391. 
Ramos-Casals M, Ccrvcra R,Yaguc J, Garcia-Carrasco M, Trejo 0, Jinienez S, Morla RM, Font J, In- 
gelmo M. Cryoglobulinemia i n  primary Sj6gren’s syndrome: Prevalence md clinical characteristics in 
a series of 1 15 patients. Semin Arthritis Rheum 1998; 28:200-205. 
Ohosone Y, lshida M, Takahashi Y, Matsumura M, Hirakata M, Kawahara Y, Nishtkawa T, Mimori T. 
Spectrum and clinical significance of autoantibodies against transfer RNA. Arthritis Rhcum 1998; 

Provost TT, Watson R, Simmons-O’Brien E. Anti-Ro(SS-A) aiibbody positive Sjogren’s/lupus erythe- 
matosus overlap syndrome. Lupus 1997; 6:105-111. 
Ruzicka T, Faes J. Bergner T, Peter RU, Braun-Falco 0. Annular erythema associaicd with Sjiigren’s 
syndrome: A variant of systemic lupus erytheinatosus [see commentsl. J Am Acad Dermatol 1991; 

Simmorisobrien E, Chen S, Watson RA, Petri CM. Hochberg M, Stevens M, Provost T. One hundred 
anti-Ro (SS-A) antibody positive patients: A 10-year follow-up. Medicine (Baltimore) 1995; 74:109-- 
130. 
Provost 737, Watson R, Simmons-O’Brien E. Anti-Ro(SS-A) antibody positive Sjiigren’sflupus erythe- 
matosirs overlap syndrome. Lupus 1997; 6: 105-1 1, 
Cho CS, Park SH, Min JK, Lee SH, Kim HY. Clinical significances of antibodies to Ro/SS-A au- 
toantigens and i t s  wbfypes in primary Sjogren’s syndrome. Korean J Intern Mcd 1997; 12:176-181. 
Gemignani F, Marbini A, Pavesi G, Di Vittorio S, Manganelli P, Cenacchi G, Mancia D. Peripheral 
neuropathy associated with primary Sjogren’s syndrome. J Neurol Neurosurg Psychiatry 1994; 57: 

Hebbar M. Ifebbar-Savean K, Hachulla E, Brouillard M, Hatron PY, Devutder B. Participation of cryo- 
globulinaemia in the scvcre peripheral neuropathies of primary Sjdgren’s syndrome. Ann Med Interne 

Kyle R, Gleich G, Baynd E, et al. Benign hyperglobulrnemic purpura of Waldenstrom. Medicine (Bal- 
timore) 1971; 50:113-123. 

1995; 13 :27S-284. 

1996; 35:258-268. 

1992; 18571-589. 

4 1 : 1625-163 1. 

25~557-560. 

983-986. 

1995; 146~235-238. 



646 Fox et al. 

37. 

38. 

39. 

40. 
41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 
57. 

58. 

59. 

60. 

61. 

Fox RT, Carson DA, Chen P, Fong S. Characterization of a cross reactive idiotype in Sjogren’s syn- 
drome. Scand J Rheumatol 1986; 561 :83-88. 
Konishi M, Ohosone Y, Matsumura M, Oyamada Y, Yamaguchi K, Kawahara Y, Mimori T, Ikeda Y. 
Mixed-cryoglobulinemia ocialed with cutaneous vasculitis and pulmonary symptoms. Intern Med 

Buezo GF, Garcia-Buey M, Rios-Buceta L. Borque MJ, Aragues M, Dauden E. Cryoglobulinemia and 
cutaneous leukocytoclastic vasculitis with hepatitis C vims infection. lnt J Dermatol 1996; 35: 112- 
115. 
0’Donnell €3, Black AK. Urticaria1 vasculitis. Int Angiol 1995; 14:166-174. 
Magro CM, Crowson AN. The cutaneous pathology associated with seropositivity for antibodies to 
SSA (Ro): A clinicopathologic study of 23 adult patients without subacute cutaneous lupus erythe- 
matosus. Am .I Dermatopathol 1999; 21:129-137. 
Sontheimer RD. Subacute cutaneous lupus erythematosua: A decade’s penpective. Med Clin North 
Am 1989; 73:1073-1090. 
Suzuki M, Hamada M, Sekiya M, Shigematsu Y, Go S, Hiwada K. Fatal pulmonary hypertension in a 
patient with mixed connective tissue disease: Report of an autopsy case. Intern Med 1992; 31 :74-77. 
Hedgpeth MT, Boulware DW. Pulmonary hypertension in primary Sjogren’s syndrome. Ann Rheum 
Dis 1988; 47:251-253. 
Franquet T, Gimenez A, Monill JM, Dim C ,  Geli C. Primary Sjogren’s syndrome and associated lung 
disease: CT findings in 50 patients. Am J Roentgenol 1997; 169:655-658. 
Kadota J, Kusano S, Kawakami K, MorikawaT, K o b o  S .  Usual interstitial pneuinoniaassociated with 
primary Sjijgren’s syndrome. Chest 1995; 108:1756-1758. 
DeheinLelin D, Capelorn VL, Kairalla RA, 13arbas Rlho JV, Saldiva PH, de Carvalho CR. Interstitial 
lung disease in primary Sjogren’s syndrome. Clinical-pathological evaluation and response to trcat- 
mcnt. Am J Respir Grit Care Med 1996; 154:794-799. 
Sheikh SH, Shaw-Stiffel TA. The gastrointestinal manifestations of‘ Sjogren’s syndrome. Am J Gas- 
troenterol 1995; 90:9-14. 
Parke AL, Parke DV. Hepatic disease, the gastrointestinal tract, and rheumatic disease. Curr Opin 
Rheumatol 1994; 6:85-94. 
Alexander 81., Beall SS, Gordon B, Selnes LA, Yannakakis GD, Palronas N, Provost TT, McFarland 
HE Magnetic resonance imaging of cerebral lesions in patients with the Sjogren’s syndrome. Ann In- 
tern Mcd 1988; 108:815-823. 
Bragoni M, Di Piero V, Priori R, Valesini G, Lenzi GL. Sjogrcn’s syndrome presenting as ischemic 
stroke. Strokc 1994; 25:2276-2279. 
Iltset TO, Golden M, Siberry G, Kiri N, Civm RM, Petri M. Depressive symptoms in patients with sys- 
tcrnic lupus erythematosus: Asociation with central ncrvoiis system lupus and Sjogren’s syndrome. J 
Rhcumatol 1994; 21 :2039-2045. 
Spezialetti K, Bluestein HG, Peter JB, Alexander EL. Neuropsychialric disease in  Sjogren’s syndrome: 
Anti-ribosomal P and anti-neuronal antibodies. Am J Med 1993; 95:153-160. 
Alcxandcr EL, Lijewski JE, Jerdan MS, Alexander GE. Evidence of an immunopathogenic basis for 
central nervous system disease in primary Sjogren’s syndrome. Arthritis Rheum 1986; 29: 1223-123 1. 
De Backer ti, Dehaene 1. Central nervous system disease in primary Sjijgren’s syndrome. Acta Neurol 

Fox RI. Sjogrcn’s syndrome. Curr Opin Rheumatol 1995; 7:409416. 
Tumiati N, Casoli P, Parmeggiani A. Hearing loss in the Sjijgreu syndrome. Ann Intern Med 1997; 
126:450-453. 
Whaley K, Webb J, McAvoy B, Hughes GR, Lcc P, MacSween RN, Buchanan WW. Sjogren’s syn- 
drome. 2. Clinical associations and immunological phenomcna. Q J Mcd 1973a; 66513-548. 
Ochs RL, Stein TW Jr, Chan EK, Ruutu M, Tan EM. cDNA cloning and characterization of a novel 
nucleolar protein. Mol Biol Cell 1996; 7:1015-1024. 
Fox RI, Wilson C. In: Regenbogen LS, Eliahou HE. Sjogren’s Syndrome. The Association of Intersti- 
tial Nephritis and Keratoconjunctivitis. New York: Karger, 1993:266-293. 
Asherson RA, Fei HM, Staub HL, Khamashta MA, Hughes GRV, Fox R1. Antiphospholipid antibod- 
ies and HLA associations in primary Sjogren’s syndrome. Ann Rheum Dis 1992; 5 1 3495498. 

1997; 36~62-67. 

Belg 1995; 95: 142-146, 



Sjogren’s Syndrome 647 

62. Mcrkcl PA, Chang Y, Pierangeli SS, Convery K, Harris EN, Polisson RP. The prevalence and clinical 
associations of anticardiolipin antibodies in a large inception cohort of patients with connective tissue 
diseases. Am J Med 1996; 101:576-583. 

63. Merkel PA, G a n g  Y, Pierangeli SS, Harris EN, Polisson RP. Comparison between the standard anti- 
cardiolipin antibody test and a new phospholipid test in patients with connective tissue diseases [In 
Process Citation]. J Rheumatol 1999; 26591-596. 

64. Oxholm P, Prause JU, Schiodt M. Rational drug therapy recommendations for the treatincnt of patients 
with Sjijgren’s syndrome. Drugs 1998; 56345-353. 

65. Fox RI, Dixon R, Guarrasi V, Krubel S. Trcatment of primary Sjogren’s syndrorne with hyclroxy- 
chtoroquine: A retrospective, open-label study. Lupus 1996; 5(suppl 1):S3 1-36. 

66. Schnabel A, Reuter M, Gross WL. Intravenous pulse cyclophosphamide in the treatment of intershtial 
lung disease due to collagcn vascular diseilses. Arthritis Rheum 1998; 41:1215-1220. 

67. Kassan SS, Thomas TL. Moutsopoulos HM, Hoover R, Kimberly RP, Budman DR, Costa J,  Decker 
JI,, Chused TM. Increased risk of lymphoma in sicca syndrome. Ann Intern Mcd 1978; 89:888-892. 

68. Skopouli PN, Jagiello P, Tsifetaki N, Moutsopoulos ITM. Methcltrexate in primary Sjtigren’s syn- 
drome. Clin Exp Rheumatol1996; 14555-558. 

69. Ferraccioli GF, De Vita S. Casatta L, Damaro R, Pegoraro I, Bartoli E. Autoimmune connective tissue 
disease, chronic polyarthritides and €3 cell expansion: Risks and perq’ectives with immunosuppressive 
drug$. Clin Exp Rheumatol 1096; Irl(supp1 14):57 1-80, 

70. Price EJ, Rigby SP, Clrtncy U, Venables PJ. A doublc blind placcbo controlled trial of azathioprine in 
the treatment of primary Sjogren’s syndrome. J Rheumatol 1998; 25:896-899. 



This Page Intentionally Left Blank



i t is in Systemic Lupus Erythematosus 

David P. D’Cruz, Munther A. Khamashta and Graham R.V. Hughes 
St. Thomas’ Hospital, London, England 

Systemic lupus erythematosus (SLE) is a multisystem autoimmune connective tissue disease 
characterized by failure of inimune regulation which results in the production of autoantibodies, 
activation of the complement system, immune complex generation, and abnormalities of cellular 
immunity. The clinical spectrum of the disease is extremely wide and the disease course and prog- 
nosis are variable depending to some extent on the degree of major organ involvement. This chap- 
ter briefly reviews the epidemiology, main clinical and serologic features and the manifestations 
of vascular disease in SLE. 

II. EPIDEMIOLOGY 

Systemic lupus erythematosus is characteristically seen in young women, with a female to male 
ratio of 8 or 9: I ,  a prevalence varying between 12 and 50.8 per lOO,O(K) persons, and an average 
annual incidence of between 2.0 and 7.6 cases per 100,000 persons. The incidence and prevdence 
of SLE is higher among women from the Caribbean, the Far East, and Asia (1). For example, the 
incidence of SLE in black females in Baltimore was 1 I .4 per IO0,OOO per year compared with 3.9 
per 100,000 per year in white females. Population studies in China suggest a prevalence of be- 
tween 40 and 70 per lOO,(xN). Mortality rates are 3 times higher for Afro-Caribbeans and twice 
as high for Asians compared with whites and deaths are mainly attributable to active disease with 
major organ involvement and infections. The long-term prognosis for Afro-Caribbeans is signif- 
icantly worse even after adjustment for socioeconomic status (1). In addition, accelerated 
atheroma may account for increasing numbers of premature deaths (2,3). 

In thc United Kingdom, SLE is more prevalent among Afro-Caribbeans and Asians from 
the Indian subcontinent. Johnson et al. (4) found an overall prevalence in Birmingham of 27.7 per 
100,000 but 206 per 100,000 in Afro-Caribbean females. Furthermore, the prevalence of undiag- 
nosed SLE was signilicant (5). Samanta ct a]. (6) found SLE to be 3 times more common among 
Indian Asian immigrant females than white females in Leicester and also noted that Asians have 
more systemic disease and a higher risk of mortality (7). 

The overall incidence of SLE is rising concurrcnt with improvcment in survival rates. This 
was clearly demonstrated in a study of patients over 40 years by Uramoto et al. (8). The reasons 
for the increased incidence are most likely due to earlier detection of milder cases, and the wide- 
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spread availability of antinuclear antibody testing. The improved survival rates may be due to a 
combination of milder disease detected earlier and improved methods of therapy. The long-term 
prognosis of patients with mild disease is generally excellent with 10-year survival rates of 
80-90% (9). However, patients who develop vasculitis, glomerulonephritis, thrombosis, cardio- 
pulmonary or central nervous system disease are at increased risk of morbidity and mortality. 

Familial aggregation of SLE is well described and twin studies demonstrate concordance 
rates from 23-.48% of monozygotic twins compared with 9% in dizygotic twins (1). There are 
HLA associations with SLE and HLA DR-2, DR3 and DQwl are found in excess in whites with 
SLE (9). Complement deficiencies are associated with a risk of developing SLE and increased 
frequencies of thc null alleles C4A*Q0 and C4R*Q0 are found in patients with SL,E. The ex- 
tended haplotype HLA-Al, B8 C4A*Q0, C4B1, BfS, C2-1, DR3 is commonly found in whites 
with SLE and the dominant association with SLE is due to C4A*QO (9). 

Ill. CLINICAL FEATURES 

Systemic lupus erythematosus is clinically extremely diverse and almost any organ may be in- 
volved. Polyarthritis, oral ulcers, and rashes, including photosensitivity, are coinnion early fea- 
tures. Chronic fatigue, a variety of cognitive defects, and mild psychological disturbances such 
as anxiety and depression are extremely common (10). There is orten a delay in diagnosis, espe- 
cially in patients who have mild disease or in whom only a single manifestation such as arthritis 
or thrombocytopenia is present. 

of SLE i s  made on clinical grounds, supported by laboratory investigations. 
Classification criteria may distinguish SLE from other connective tissue diseases; the most 
widely used are the revised criteria of the American College or Rheumatology (ACR) (1 1) which 
have been recently updated ( 1  2). Thesc are criteria designed for clinical trials; they are not diag- 
nostic criteria. Thus, in clinical practice, it is possible to make a diagnosis o f l ~ ~ p u s  in patienls with 
mild disease without fulfilling these criteria. Cervera et al. (13) described the clinical and sero- 
logical features of  loo0 SLE patients and Table 1 lists the clinical features at onset and during 
disease evolution in these patients. 

IV. LABORATORY FINDINGS 

Systemic lupus erythematosus is characterized by the presence of antinuclear antibodies (ANA), 
detected by indirect immunofluorescence in 95% or more of patients. The most common pattern 
is diffuse or homogeneous nuclear staining. Antibodies to native double-stranded DNA (anti- 
dsDNA) arc more specific for SLE, though less sensitive, with 60-80% of patients having this an- 
tibody at presentation. Anti-dsDNA antibodies do not predict particular clinical features, though 
patients with lupus nephritis are much more likely to have high levels (10). 

A speckled ANA pattern suggests the presence of  ‘antibodies to extractable nuclear antigens 
and the four most commonly assayed arc antibodies to ribonucleoprotein (RNP), Smith (Sm), KO 
(SS-A) and La (SS-B). These antibodies are associated with clinical subsets of SLE. Antibodies 
to SS-A/Ro and SS-BLa, predominantly cytoplasmic antigens, are associated with the photo- 
sensitive rash of subacute cutaneous lupus, “ANA-negative lupus” and are found in mothers of 
newborns suffering from the neonatal lupus syndrome (discoid-like rashes, thrombocytopenia, 
and cholestatic jaundice) and congenital heart block. These antibodies are also associated with 
the sicca features of Sjiigren’s syndrome where anti-Ro havc been identified in parotid eluates. 
Cryoglobulins containing anti-Ro may occui- in patients with cutaneous vasculitis and anti-Ro are 
present in glomerular eluates in lupus nephritis. 
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Table 1 

Manifestation At onset ('%) During evolution (%) 

Clinical Features at Onset and During Evolution of SLE in 1000 Patients 

Malar rash 
Discoid lesions 
Subacute cutaneous lesions 
Photosensitivity 
Oral ulcers 
Arthritis 
Serositis 
Nephropathy 
Neurological involvement 
Thronibocytopenia 
Hemolytic anemia 
Fever 
Raynaud's phenomenon 
Livedo reticularis 
Thrombosis 
Myositis 
Lung involvement 
Choi-ca 
Sicca syndrome 
Lymphadenopathy 

40 
6 
3 

29 
11  
69 
17 
16 
12 
9 
4 

36 
18 
5 
4 
4 
3 
I 
5 
7 

58 
10 
6 

45 
24 
84 
36 
39 
27 
22 
8 

52 
34 
14 
14 
9 
7 
2 

16 
12 

Source: Ref. 13 

Antibodies to uridyIic acid-rich small nuclcar ribonucleoproteins (anti-U-snRNPs) occur 
in mixed connective tissue disease (MCTD) and SLE, often with anti-Sm antibodies. Although a 
great deal is known about the fine specificities of anti-U1-RNP and anti-Sm antibodies ( 1  4), they 
have proved to be somewhat disappointing as clinical tools in delineating subsets of SLE except 
that they are in general associated with more severe disease (1 5). By way of illustration, Table 2 
shows the prevalence of serological features in the Cervera et al. (13) cohort of patients. 

Table 2 Serological Findings in 1000 Patients with SLE 

I'arameter Prevalence (%) 

ANA 
High anti-&DNA 

La (SS-B) 

Sm 
Rheumatoid factor 
IgG anticardiolipin 
IgM anticardinlipin 

Ro (SS-A) 

U 1 -RNP 

Lupus anticoagulant 

96 
78 
25 
19 
13 
1 0  
18 
24 
13 
15 

Source: Ref. 13. 
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V. LUPUS AND VASCULITIS 

One of the most characterisitic lesions of SLE is vascular injury, which may manifest as cuta- 
neous vasculitis, cerebrovascular disease, glomerulonephritis, cardiopulmonary, and less com- 
monly, gastrointestinal and ocular damage. The clinical spectrum of these lesions is wide, and en- 
dothelial activation and damage are ccntral to the pathogenesis of vascular disease in SLE. 
Vascular damage may be inflammatory or thrombotic, This chapter focuses mainly on the clini- 
cal features and immunopathology of inflammatory vasculitis. 

A. Cutaneous Vasculitis 

There axe surprisingly few data on the prevalence of cutaneous vasculitis in SLE. One reason for 
this lack of data is that cutaneous lesions are usually diagnosed by clinical examination alone, es- 
pecially if the lesions are subtle, such as nailfold lesions or splinter hemorrhages. This almost cer- 
tainly results in an underestimate of the true prevalence of cutaneous vasculitis. Furthermore, re- 
ports of clinical manifestations in SLE tend to utilize the ACR classification criteria, which do not 
include vasculitis. 

An early study suggested a prevalence of dermal vasculitis of 21% of 150 patients (16). 
This was supported by possibly the largest study to date where a point prevalence of 18.7% of 
vasculitis was observed in 704 European patients with SLE (17). The cutaneous vasculitic lesions 
included digital infarets, splinter hemorrhages (Fig. 1 ), ulcers, purpura, urticaria, and bullous le- 
sions. Livedo reticularis may also be a manifestation of SLE vasculitis. Another large study found 
it high prevalence of vasculitis (3696, 194/540) over a 10-year follow-up period; the majority 
( 1  60/194) had cutaneous vasculitis (18). 

In severe eases, cutaneous lesions, especially those on the lower limbs and feet, can ulcer- 
ate. The majority of these lesions arise from small-vessel vasculitis, but severe ischemic injury 
and gangrene may result from vasculitis of mediurn-sized vessels (Fig. 2). 

Figure 1 
taneous vasculitis with digital ulcers and pulp infarcts of the toes. 

(a) Splinter hemorrhages in a woman with SLE who developed lupus nephritis. (b) Severe cu- 
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Figure 2 Medium-sized-vessel vasculitis in SLE resulting in digital ischemia and gangrene. 

Less commonly, urticarial vasculitis is seen in SLE (19). The term "urticarial vasculitis" 
0 describes recurrent urticarial wheals that show leukocytoclastic vasculitis (rarely lympho- 
cytic vasculitis) on biopsy. The typical cutaneous lesion is a raised erythematous wheal that is vis- 
ible for 24-72 h, is seldom pruritic, but may be painful, and blanches on pressure. In contrast, true 
urticaria lasts for less than 24 h and is pruritic. Although vasculitis i s  usually confined to the skin, 
some patients with UV subsequently develop angioedema, vasculitis in major organs, and/or ex- 
perience constitutional symptoms such as fever, malaise, and arthralgia. Serum complement may 
be decreased in such patients (19). 

The diagnosis of cutaneous vasculitis is usually madc on clinical grounds but where doubt 
exists, skin biopsy should be performed. Histologically, the most common lesion is leukocyto- 
clastic vasculitis of arterioles, capillaries, and venules. Polymorphonuclcar cclls may he seen 
within the vessel walls and be associated with destruction ofthe vessel wall, fragmentation of the 
polymorphonuclear leukocytes, nuclear debris, and extravasation of red cells. Immunofluores- 
cence studies usually demonstrate deposition of immunoglobulin G (IgG), complcrnent, and fib- 
rinogen in and around the cutaneous vessels. 

The development of vasculitis is associated with an increase in the risk of morbidity and 
mortality. Most patients have constitutional symptoms, such as malaise, and other features of ac- 
tive lupus when they develop vasculitis. 

B. Central and Peripheral Nervous System Vasculitis 

Central nervous system (CNS) disease is relatively common in SLE. The broad range of CNS 
clinical features varies [om mild cognitive dysfunction to severe psychoses, ischemia, infection, 
and seizures. One of the problems with CNS lupus is that there have been no standard definitions 
of these manifestations and this has made the interpretation of studies that attempt to correlate a 
new imaging or serological investigation with clinical features difficult. The ACR has recently ad- 
dressed this issue and has suggested revised nomenclature guidelines (20). 

The pathophysiology of CNS lupus is poorly understood. Although lupus may be charac- 
terized by vasculitis, it seems reasonably clear that true central nervous system vasculitis is un- 
common, occurring in 7-12% of patients (21-23). Despite the recognized association between 
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cutancous vasculitis and CNS disease (24), the most striking aspect of these postmortem patho- 
logical studies is the relatively normal macroscopic appearance of the brain despite significant 
neuropsychiatric dysfunction prior to death. Magnetic resonance imaging (MRI) appearances are 
usually not diagnostic but may reveal the presence of periventricular white matter lesions, which 
are probably vascular in origin. The nature of these lesions remains unknown and they are cer- 
tainly not specific for neuropsychiatric lupus since they are commonly seen in lupus patients 
without any evidence of neurological dysfunction (25 j <and in older, otherwise healthy individu- 
als. Gadolinium enhancing lesions on MRI may improve with immunosuppressive therapy in a 
small number of patients with SLE and th is  is certainly compatible with an inflammatory abnor- 
mality for at least some of these lesions (26). Other forms of imaging such as single photon emis- 
sion computed tomography frequently show areas of reduced cerebral blood flow but again, these 
defects may also seen in asymptomatic lupus patients (27). Subarachnoid hemorrhages have been 
reported in association with SLE. While these may be due to rupture of a cerebral artery 
aneurysm, vasculitis has been documented in the affected cerebral artery (28). Large-vessel cere- 
bral vasculitis in lupus is exkremely rare but is serious: the mortality of 12 reported patients with 
documented cerebral large-vessel vasculitis was 67% (29). 

Retinal vasculitis is well documented in SLE and, as with cutaneous vasculitis, is com- 
monly associated with more severe disease. Retinal lesions are usually due to retinal infarction 
leading to the clinical appearance of so-called cytoid bodies. Other features include retinal hem- 
orrhage and vascular exudation. In a prospective study of 550 patients with SLE, Stdfford Brady 
et al. (30) found 41 to have retinopathy. In the majority of cases, this consisted of a microan- 
giopathy, which had an excellent prognosis in regard to maintaining vision. Five patients devel- 
oped other complications that resulted in loss of visual acuity. Lupus retinopathy was associated 
with active SLE in 88% of patients, of whom lupus cerebritis was present in 73% of cases. 
Ketinopathy in this series of patients was a marker of poor prognosis for survival. 

Fluorescein angiography may be very useful in diagnosis, assessing the extent of retinal in- 
volvement and rcsponse to treatment (Fig. 3). Other imaging modalities include magentic reso- 
nance imaging. In SLE, Sklar et al. (31) observed orbital MR enhancement within the optic nerve 

Figure 3 
leakage of contrast. 

Fluoresccin angiogram in a patient with SLE and retinal vasculitis demonstrating extensive 
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suggesting disruption of the blood-brain bai-rier within the optic nerve, where optic neuropathy 
and vasculitis had been documented. 

Transverse myelitis is a rarc complication of lupus that almost certainly has a vascular basis 
(Fig. 4). Many of thcse patients respond rapidly to immunosuppressive therapy with intravenous 
cyclophospharnide, supporting the idea that transverse myelitis is due to an inflammatory 
niyelopathy (32). Others havc suggested a closer association with antiphospholipid antibodies 
(33). 

Peripheral nervous system abnormalities may result from SLE vasculitis. Peripheral neu- 
ropathy was seen in 4.8% of patients in one large series (17). Mononeuritis multiplex, which may 
result from vasculitis of the vasa nervorum and is characterisitic of vasculitic involvement, is un- 
common. Cranial nerve lesions may also have a vasculitic basis but are fortunately rare. Sural 
nerve biopsy may be a useful diagnostic proccdurc, though in our experience, there is a relatively 
high complication rate with poor healing following the procedure. Biopsy may show marked vas- 
culitis with inilamtnatory cell infiltration. Ohkoshi et al. (34) observed occlusions in epineurial 
arteries greater than 100 pm in diameter, with mild vasculitic changes in arterioles 40-100 pm in 
diameter. 

C. Pulmonary Vasculitis 

Microvdscuiar angiitis or capillaritis may occasionally occur in the lungs where the lesion is a 
necrotising alveolar capillaritis manifesting as pulmonary hemorrhage. These manifestations are 
fortunately rare, though when they do occur the appearances are very similar to the alveolar le- 
sions seen in the systemic vasculitides such as Wcgener’s granulomatosis (WG) or microscopic 

Figure 4 TZweighted magnetic resonance image of the cervical cord in a patient with SLE and trms- 
verse myelitis. There are extensive high-signal abnormalities and edema within the cord. 
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polyangiitis (MPA). However, unlike WG and MPA, lung tissue from lupus patients with alvco- 
lar hemorrhage frequently shows the presence of C3 and/or IgG along the alveolar capillary base- 
ment membranes (35). 

D. Renal Vasculitis 

In any patient with cutaneous vasculitis, the threshold for investigating for glomerulonephritis 
should be low, since the two problems often coexist. In the kidncy, the histological lesion of vas- 
culitis is focal segmental necrotizing glomerulonephritis with fibrinoid necrosis, which may lead 
to rapidly progressive rcnal failure. Occasionally, renal and pulmonary vasculitis may coexist. 
Systemic lupus erythematosus is therefore part of the differential diagnoses of pul monary-renal 
syndromes. 

The vasculitic renal lesion is quite distinct from the more commonly seen membranous, 
mesangial, focal or diffuse proliferative glomerulonephritis, though vasculitis may also be seen 
in these forms of lupus nephritis. Histologically, renal glomerular basement membrane immuno- 
fluorescence is almost always positive for immunoglobulins and complement components (36) in 
necrotizing lupus glomerulonephritis. This is an important distinction compared with the anti- 
neutrophil cytoplasmic autoantibody (ANCA)-associated systemic vasculitides, where there is a 
relative lack of renal immune deposits. 

Vasculitic involvement of other parts of the genitourinary system, such as the ureters and 
bladder, is rare and documented only as casc reports. 

E. Gastrointestinal Vasculitis 

The best-described manifestation of vasculitis of the gastrointestinal (GI) tract in SLE is mesen- 
tcric vasculitis, which is uncommon and may occur in 1% of patients (17). Other abdominal or- 
gans that may be affected by lupus vasculitis include the pancreas, peritoneum, gallbladder, and 
the liver, though involvement of these organs, espccially the liver, is rare (37). 

The clinical presentation of mesenteric vasculitis is similar to that seen in polyarteritis no- 
dosa. The patient may suddenly develop acute severe abdominal pain that leads to laparotomy. 
Occasionally, the symptoms of intestinal perforation may be masked if the patient is already on 
high-dose corticosteroid therapy. Severe and extensive bowel vasculitis may result in vigorous GI 
hemorrhage that is life threatening. On clinical examination, the patient is severely ill, often ane- 
mic, and has other evidence of organ involvement (38). Serological abnormalities usually include 
marked increases in products of the acute phase response, high anti-dsDNA, and low complement 
levels. Radiological investigations may be helpful: plain abdominal radiographs may show ileus 
or pseudo-obstruction (39) and chest radiogrdphs may reveal gas under the diaphragm. Tmaang 
with contrast such as barium may be normal or show classical features such as thumb-printing 
and bowel infarction. When bleeding is severe, angiography may localke the bleeding point and 
may occasionally reveal visceral artery aneurysms. 

may lead to mucosal ischemia, infarction, ulceration, perfo- 
ration, or hemorrhage. Histologically, GI vasculitis is commonly a small-vessel vasculitis, al- 
though very rarely, aneurysmal dilation of the mesenteric vessels has been described (40). Other 
rare manifestations of GI vasculitis are documented as case reports and include pneumatosis cys- 
toides intestinalis and protein-losing enteropathy (37). 

Macroscopically, GI vascul 

F. Cardiac and Large-Vessel Vasculitis 

Cardiac involvement in SLE is common. Pcricarditis and valvular disease are the most common 
manifestations. Coronary artery vasculitis is extremely rare and documented only in case reports 
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(41). Clinically, the patients may give a history of cardiac chest pain, and electrocardiograms may 
be normal or reveal evidence of ischemia or infarction. The ideal investigation is coronary arteri- 
ography, which may reveal aneurysms, tapering stenoses, or abrupt occlusions. If aneurysms are 
present, they may thromnbose, leading to myocardial infarction. 

The differential diagnosis of coronary vasculitis includes accelerated coronary atheroma, 
which may be up to 50 times more likely in women with lupus compared with non-lupus controls 
(42). The precise reasons for this remain unclear but include the usual cardiovascular risk factors 
and the additional effccts of antiphospholipid antibodies cross-reacting with oxidized low-den- 
sity lipoproteins (43) and atherogenic drugs such as corlicosteroids. 

Vasculitic involvement of large vessels such as the aortic arch and its branches resembling 
Takayasu’s arteritis and the distal aorta is exceedingly rare and documented as case reports (44). 

G. Evolution of Systemic Lupus Erythematosus into Systemic Vasculitis 

There are a few case reports of patients with well-documented SLE evolving over time into a 
major systemic vasculitis. For example, D’Cruz et al. (45) described five patients in whom long- 
standing SLE evolved into systemic vasculitis resembling polyarteritis nodosa, Churg-Strauss 
syndrome, and Wegener’s granulomatosis. Vivancos et al. (46) described a similar case. The rea- 
sons for this evolution from one disease to another remain obscure but may also reflect limitations 
in classification of multisystem connective tissue diseases. 

H. Other Factors Associated with Vasculitis in Systemic Lupus Erythematosus 

There are many other causes of small-vessel vasculitis in SLE. The list of drugs that have been 
implicated in playing a role is long and includes penicillins, sulfonamides, allopurinol, thiazides, 
pyrazolones, retinoids, streptokinase, cytokines, monoclonal antibodies, quinolones, hydantoins, 
carbamazepine, and other anticonvulsants. Patients with SLE have a higher frequency of allergic 
reactions (47), and the development of a new rash, especially a vasculitic rash, should raise the 
possibility of a drug-induced process. Viral infections, such as hepatitis C, arc associated with the 
development of cryoglobulinernia (48), and should be considered as possibly complicating lupus 
and Sjiigren’s syndrome in patients with vasculitis. 

VI. THROMBOSIS IN SYSTEMIC LUPUS ERYTHEMATOSUS 

It is well-established that the antiphospholipid antibody (Hughes’) syndrome is a major cause of 
vascular morbidity and mortality in SLE (49). The striking difference between this process and 
SLE vasculitis is that vascular occlusions are noninflammatory and the result of a markedly in- 
creased prothrombotic tendency. There are, however, documented instances where vasculitis and 
disseminated thrombosis may coexist in the same patient. Lie et al. (50) for example, describe a 
woman with lupus and antiphospholipid antibodies who had systemic and cerebral vasculitis co- 
existing with a disseminated coagulopathy, resulting in stroke and myocardial infarction. 

VII. MONITORING DISEASE ACTIVITY 

There are a number of systems in use for objectively quantifying disease activity in SLE, and ac- 
tive vasculitis is a feature of all these disease activity scores (51). The scoring systems do not in- 
clude all the serological markers that may be used in the clinic, possibly because of limitations in 
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sensitivity to change in relation to clinical variables. The scoring systems are most useful as re- 
search tools and provide some objectivity when interpreting the results of clinical trials in SLE. 

VIII. THERAPY 

The best strategy for coping with vasculitis in SLE is the prevention of vasculitic episodcs in the 
first place. The most effective agent for this is hydroxychloroquine, <and this was clearly demon- 
strated by the Canadian Hydroxychloroquine Study Group (52). In a randomized prospective 
double-blind trial, patients on stable doses of hydroxychloroquine were randomized to continue 
drug therapy or be changed to a placebo. Discontinuation of hydroxychloroquine was associated 
with a significant increase in clinical flares and severe disease exacerbations complicated in one 
case each by vasculitis, transverse myelitis, and lupus nephritis. There is, therefore, a compelling 
case for long-term continuation of hydroxychloroquine in patients evcn when the disease is sta- 
ble or in remission, though reduction to alternate-day dosing may be possible. 

The development of vasculitis in patients with lupus is frequently associated with an in- 
creased risk of morbidity and possibly mortality and justifies intensive immunosuppressive ther- 
apy. The most widely used and effective therapy includes corticosteroids and cyclophosphamide, 
which should he considered in any lupus patient with widespread severe vasculitis. While the 
dose, route of administration, and length oi cyclophosphamide therapy remain controversial, one 
regimen using intravenous low-dose (500 mg) pulses of cyclophosphamide has been reported to 
be effective and relatively safe. The regimen uses 3-6 weekly or fortnightly intravenous pulses of 
cyclophosphamide, and when clear improvement or remission i s  seen, maintenance therapy with 
azathioprine or methotreexate is initiated. The main advantage of this therapy is the relative lack 
OK ovarian toxicity when compared with sustained use of high-dose intravenous cyclophos- 
phamide or oral cyclophosphamide (32). Another approach, if the patient i s  not severely ill, is to 
consider moderate prednisolone doses (30-40 mg daily) with intravenous pulse methylpred- 
nisolone doses followed by azathioprine. It is worth noting that although there are a number of 
clinical trials in progress assessing therapeutic strategies in lupus nephritis, to our knowledge 
there are no prospective studies of therapy for lupus vasculitis. The guiding principle in these pa- 
tients, in the absence of evidence-based data, is to provide close surveillance and careful clinical 
judgment in balancing the beneficial and toxic effects of intensive immunosuppressive therapy. 

In patients with complement deficiencies and vasculitis, infusions with fresh frozen plasma 
may be of benefit (53). 

IX. IMMUNOPATHOLOGY 

One commonly accepted hypothesis for vascular damage in SLE is that local deposition of irn- 
mune complexes, pcwticularly those containing anti-double-stranded DNA antibodies, onto the 
vascular endothelium triggers an inflammatory response involving activation of the complement 
cascade, possibly with the eventual formation of the CSb-9 membrane attack complex, There is 
good evidence that patients with SLE are unablc to clear immune complexes efficiently, espe- 
cially if they have complement deficiencies. For example, Davies et al. (53) showed in a C2-de- 
ficient patient that splcnic uptake of injected immune complexes was absenl dcspite normal 
splenic blood flow. Splenic uptake returned to normal following replenishment of complement 
components with fresh frozen plasma. When erythrocyte binding of immune complexes was mea- 
sured in their patient, there was minimal binding to red cells, but following replenishment or com- 
plement, 72% of protein-bound activity from the labeled immune complcxcs was seen on the 
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patient’s erythrocytes. Thus, patients with lupus, particularly those with congenital hypocomple- 
mentemia, have abnormalities of immune complex processing. A further example was reported 
in a family study of a patient with homozygous C2 deficiency who developed cutaneous vasculi- 
tis, mesangial proliferative IgA glomerulonephritis, and pol yclonal IgGh cryoglobulins. The clin- 
ical features of the disease responded to imunosupprcssive therapy and fresh frozen plasma in- 
fusions. The proband’s brother had a similar, but much milder, illness that did not require therapy 
(54). 

Antibodies to double-stranded DNA may be relevant to the pathology of vasculitic lesions 
in SLE, though it is not clear if they are directly pathogenetic. In animal studies, infusion of 
human monoclonal anti-DNA antibodies may result in the development of glomerulonephritis 
(55) ,  though these results have not been reproduced (56). 

Because endothelium can be a target of immune injury, investigators have sought to iden- 
tify antibodies directed against vascular endothelium. Antiendothelial cell antibodies (AECAs) 
have been described in sera from patients with a wide variety of connective tissue diseases. 
Antiendothelial cell antibodies have been described in SLE in association with nephiitis and vas- 
culitis, and appear to correlate with disease activity (57). They may also be associated with digi- 
tal, cutaneous, nonurticarial, and urticarial vasculitis (58). The hypocomplementemic urticarial 
vasculitis syndrome is Characterized by decreased serum C1 q lcvels, IgC anti-Clq antibodics, and 
the absence of anti-DNA antibodies. In fact. anti-Cly antibodies appear to be a specific marker 
for this condition that is clinically characterized by angioedema, arthritis/arthralgia, ocular in- 
flammation, glomeruloncphritis, and obstructive lung disease (59). Antiendothelial cell antibod- 
ies are seen in the hypocomplementemic urticarial vasculitis syndrome as well as in patients with 
UV associated with SLE where anti-DNA antibodies and hypocomplemenlemia were also fre- 
quently seen (58). It is possible, therefore, that AECAs may play a role in the pathogenesis of UV 
in both SLE and hypocomplementemic urticarial vasculitis syndrome. 

The antigenic determinants for AECAs are present on the surface of endothelial cells and 
are independent of HLA class II and blood group antigcns. These antigenic epitopes are not spe- 
cific for endothelial cells since adsorption of AECA-positive sera by other cells, such BS fibro- 
blasts and to a lesser extent by leukocytes and monocytes, reduces AECA binding (60). The con- 
sensus is that AECAs bind by the F(ab‘)2 and not the Pc region. Although this is a heterogeneous 
group of antibodies, AECA reactivity is unrelated to the presence of antinuclear antibodies, anti- 
DNA antibodies, or antibodies to extractable nuclear antigens or rheumatoid factor (57). ‘The 
exact antigenic specificities of AECAs however remain unknown, although Western blot analy- 
ses suggest that a large number of different antigens may be recognized (61). 

An early study (62) suggested that AECAs from lupus patients may disrupt endothelial 
nionolayers. However, with the exception of a few patients, other groups failed to show direct 
complement-dependent serum cytoloxicity. Cytotoxic AECAs have been demonstrated in Kawa- 
saki discase, which is characterized by a panvasculitis (63). More recently, Del Papa et a]. (64) 
showed that sera from patients with systemic vasculitis displayed antibody-dependent cellular cy- 
totoxicity in thc presence of a mixed lymphocyte population. Thus, the evidence for an endothe- 
l id  cytotoxic effect of AECAs remains controversial. 

An alternative to direct AECA cytotoxicily is that such antibodies may induce functional 
changes in endothelial cells that promote vasculitis. For example, Carvalho ct al. (65) showed that 
IgC AECAs from SLE and systemic vasculitis patients uprcgulated adhesion molecule expres- 
sion and increased leukocyte adhesion. Thus, instead of directly damaging cells. AECAs may 
contribute to pathogenesis of vasculitis by enhancing lcukocyte-endothelial interactions. The 
possibility remains that AECAs may be a response to vascular damage caused by other mecha- 
nisms. 
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A recent hypothesis suggests that a Shwartzman-like phenomenon may also result in small- 
vessel vasculitis in SLE (66). The original Shwartzman phenomenon resulted from injection of 
endotoxin intradermally followed by a further endotoxin injection 4-1 8 h later. Those manipula- 
tions activate complement, which triggers the release of anaphylatoxins (e.g., C3a and C5a). The 
result is chemotaxis and activation of inflammatory cells that aggregate and adhere to vascular en- 
dothelium, occluding small vessels and rclcasing toxic mediators that damage the vascular wall 
and the surrounding tissues. This mechanism does not require immune complex deposition and 
is a departure from the accepted hypotheses of pathogenic mechanisms in SLE. 

X. SUMMARY 

Vasculitic complications of SLE are relatively common, may affect a variety of organ systems, 
and vary from being benign to serious and life threatening. Careful regular monitoring for vas- 
culitic complications is essential. Long-term maintenance therapy with hydroxychloroquine has 
been demonstrated to reduce the risk of vasculitic disease relapses and there is a continuing need 
for prospective studies. 

There have been a number of advances in the understanding of the pathophysiology of 
lupus vasculitis and further insights will allow new therapies to be developed. 
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Vasculitis in the Idiopathic 
Inflammatory M yo pat hies 

Chester V. Oddis 
University of Pitrshurgh School of Medicine, Pittsburgh, Pennsylvania 

I. INTRODUCTION 

The idiopathic inflammatory myopathies (IIM) reprcsent a group of diseases of unknown cause 
in which muscle injury results from inflammation. The major categories of IIM include 
polymyositis (PM), dermatomyositis (DM), myositis in overlap with malignancy or another con- 
nective tissue disease (CTD), childhood inyositis (most commonly dermatomyositis), and inch- 
sion body myositis (IBM). Although proximal muscle weakness is the most common symptom 
of lIM, the clinical features at disease presentation and during the course of the illness vary con- 
siderably from patient to patient. The presence of a variety of rashes and cutaneous findings sep- 
arates the patient with an inflammatory rnyopathy into the clinical subset of dermatoniyositis. 

Vasculitis is an uncommon complication of the inflammatory myopathies. It may be seen 
as a manifestation of  the overlap disorder (e.g., systemic lupus erytheniatosus or Sjogren’s syn- 
drome) with which myositis is associated and there are reports of vasculitic muscle involvement 
in polyarteritis nodosa ( I ) ,  Churg-Straws syndrome (2), and inllammatory bowel disease (3) 
where patients clinically present as PM but evolve into other immunological disorders. However, 
this chapter discusses vasculitic manifestations of patients with an established diagnosis of IWI. 
Since vasculitis in IBM is extrcmely rare, only thc five classic subsets (4) of inflammatory my- 
opathy are considered. 

II. EPIDEMIOLOGY 

It is difficult to detcrminc the prevalence of muscle vasculitis in the inflammatory myopathics due 
to selection bias and the exclusion of certain IIM subsets in reported series. In one of the largest 

patients, Bohan et al. (4) retrospectively reviewed 153 patients with carefully 
defined PM and DM and found only 3% (4/135 who had muscle biopsies performed) demonstrat- 
ing muscle vasculitis. Two had pure adult DM and two had inyositis in overlap with another CTD. 
No other myositis subset, including childhood myositis (1 1 patients), demonstrated vasculitis. 

In a clinicopathological assessment of an Indian population (3, 86 muscle biopsies in as 
many paticnts were identified over a 10-year period and 73 of 86 patients mct established criteria 
for myositis (6). Vasculitis was diagnosed when the walls of arterioles and vcnules were moder- 
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ate to severely infiltrated by inflammatory cells. Fibrinoid necrosis of the vessel wall, though 
characteristic, was no1 essential for the diagnosis of vasculitis. Eight patients (1 1%) demonstrated 
muscle vasculitis, four of whom were iu the myositidconnective tissue disease overlap category 
(PM with rheumatoid arthritis, one; PM with systemic sclerosis, one; DM with systemic sclero- 
sis, two). Only one of seven cases of childhood dermatomyositis (CDM) showed acute necrotiz- 
ing vasculitis. Overall, vasculitis was present in three patients with PM and five with DM. The 
frequency of vasculitis in DM was double (15.1 %) that in PM (7.5%) and women were affected 
3 times more commonly than men. 

The one feature that has distinguished CDM from the adult variety is the widespread necro- 
tizing vasculitis with small-vessel intimal proliferation, thrombosis, and multiple infarctions first 
reported many years ago (7). This finding was rarely seen in thc CDM patients €rom studies de- 
scribed above in sharp contrast to series of pure CDM where vascuiopathic features are commonly 
reported (Fig. 1). In one study, 29 patients with childhood poly/dermatomyositis had one or more 
muscle biopsies performed over a 22-year period (8). Muscle biopsy was performed before corti- 
costeroid treatment in 27 of the 29 patients, while 16 additional posttreatment biopsies were stud- 
ied in an attempt to correlate tissue manifestations with patient outcome. Vasculitis was identified 
in 6 of 18 pretreatment muscle biopsies of patients with chronic ulcerative and nonulcerative CDM 
but none of 9 children with limited DM or chronic PM. These four mutually exclusive clinical 
course designations were determined retrospectively from analysis of the histopathological data 
and were determined either by length of patient follow-up or by unequivocal signs of ulcerative 
disease at any time. Distinctive lesions included nonnecrotizing lymphocytic vasculitis and a spec- 
trum of endovascular injury producing temporary or prominent occlusion of small arteries and cap- 
illaries. Only 1 of 16 posttreatment specimens showed vasculitic changes. 

111. CLINICAL FEATURES 

A. Cutaneous 

Patients with IIM with cutaneous vasculitis far outnumber other vasculitic organ manifestations. 
Cutaneous changes in CDM include telangiectatic involvement of the upper eyelids often associ- 
ated with periorbital edema and ulceration. More common vasculitis changes affect the nailbeds 

Figure 1 Muscle biopsy of a child with dermatomyositis demonstrating acute necrotizing vasculitis of 
one vessel (left) adjacent to a normal blood vessel (right) (trichrome, 100~). (Courtesy of A. Vincent 
Londino, Jr.) 
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Figure 2 
may occur it1 the axillae and groin. (Courtesy of A. Vincent Londino, Jr.) 

Healing. linear, necrotic lesions on the back of a child with deimatomyositis. Similar lesions 

and digits, and particularly troublesome are the ulcerated and crusting lesions in the skinfolds of 
the axillae and groin or back (Fig. 2). Infarction of the palate has also been reported (9). 

The cutaneous vasculitic features in adult IIM patients have curious clinical associations. 
In a retrospcctive study, 7 of 76 (9%) patients with adult-onset PM or DM seen over an 1 1-year 
period had cutaneous vasculitis (10). This was manifested by dermal and/or subcutaneous nod- 
ules in four, pcriungual infarcts in three, and digital ulceration in two (Fig. 3). A significant asso- 
ciation was noted between cutaneous vasculitis and DM ( p  = 0.025) as only 1 of 3 1 pure PM and 
0 of 18 overlap myositis patients had vasculitis while 6 of the 7 patients with vasculitis had the 
rash of DM (10). In addition, 2 of the 7 patients (29%) with vasculitis had a malignancy compared 

Figure 3 Digital tip infarction in a middlc-aged woman with polymyositis and no associated malignancy. 
(Courtcsy of Lawrence M. Mulhern.) 
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with only 4 of 69 (6%) without vasculitis, suggesting that cutaneous vasculitis may be a marker 
of underlying malignancy. The absence of vasculitis in muscle biopsy specimens indicated a lack 
of correlation between dermal and muscle vasculitis. A subsequent report of 32 pure adult DM 
patients defined predictive signs of cancer and established prognostic factors related to survival 
( 1 I ). Thirteen (41%) of the 32 patients had DM associated with malignancy, and cutianeous necro- 
sis was more commonly found in the cancer patients (31% vs. 5%,  p < 0.05). Sites of cutaneous 
necrosis were characterized by eroded or ulcerated necrotic lesions on erythematosus, violaceous 
indurated plaques (Fig. 4). As opposed to the former study (lo), vasculitis on muscle biopsy was 
frequently (66%) observed ( 1  1) .  Both studies (10,ll) suggest that selected DM patients with cu- 
taneous necrosis have a poor prognosis. Other studies have reported cutaneous vasculitis in adult- 
onset myositis (12,13) but have not confirmed an association with malignancy. Six (24%) of 25 
adult PM or DM patients without malignancy had striking skin vasculitis with other classical skin 
features of DM (12). Similarly, 14 (19%) of 75 adult I1M patients from Singapore had cutaneous 
vasculitis at presentation (I 3 ) .  Although three of four patients with malignancy at presentation 
had cutaneous vasculitis, the latter was not more frequent in the myositis/malignancy subset com- 
pared with the other groups of myositis patients. Nevertheless, the bulk of the literature does sug- 
gest a possible association between cancer and vasculitic skin changes. 

Cutaneous vasculitis has been reported in a dermatomyositis patient without overt inuscle 
disease (14), and urticaria1 skin lesions secondary to lymphocytic vasculitis have been seen in a 
patient with pure PM (15). Another patient with DM and a remote history of gastric cancer de- 
veloped multiple punched-out cutaneous ulcers, and a skin biopsy showcd vasculiti s in the decp 
dermis with membranocystic changes without panniculitis (16). 

B. Gastrointestinal 

Gastrointestinal vasculitis often distinguishes childhood from adult DM and it may be extensive 
in severe cases of CDM. It manifests as hemorrhage, ulceration, perforation, peritonitis, or in- 
farction, and children complain of severe abdominal pain, hematemesis, and melena (9). Its onset 
is often acute and death niay result (7,8). Although there are many reports of gastroinlestinal in- 
volvement in children, few have documented the histological presence of vasculitis. Early reports 
of childhood DM have nicely demonstrated the extent and seventy of pathological vasculitic in- 

Figure 4 Characteristic, well-demarcated, ulcerative lesions 011 the dorsum of thc haiid and wrist in an 
adult patient with dermatomyositis and cutaneous vasculitis. Note Lhc erythematous, violaceous inargin of 
the ulcer. Similar lesions were noted on the elbows. 
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volveinent in the esophagus, stomach, and small and large bowel (7). In Crowe’s series, two of 
the three fatalities caused by CDM were due to ischemic intestinal ulceration with secondary 
hemorrhage and perforation, while another patient had necrotizing arteritis typical of polyarteri- 
tis nodosa in a large rnesenteric artery branch (8). 

Two malc children with severe DM developed pancreatitis, an unusual complication often 
associated with multiple organ involvement in patients with diffuse connective tissue diseases. 
One child had overt duodenal and jejunal vasculitis with multiple perforations, and the other had 
widespread cutaneous ulcerations and hepatitis with presumptive bowel vasculitis suggesting that 
pancreatitis was a feature of widespread vasculitic activity due to CDM (17). 

In the adult PM and DM series discussed earlier, where 24% of patients had cutaneous vas- 
culitis, one patient developed severe intestinal vasculitis leading to perforation and death, a dis- 
tinctly unusual complication in adult TIM (12). 

C. Pulmonary 

In a clinical and autopsy study of 65 patients with PM or DM seen over a 52-year period at the 
Mayo Clinic, 43 had pulmonary symptoms and 27 had interstitial lung disease (ILD) at autopsy 
( 1  8). Pulmonary vasculitis (indistinguishable from the vasculitis of other connective tissue dis- 
eases and demonstrating either iiecrotizing or chronic healed proliferative lesions) was seen in 
five (8%) patients, all with associated ILD. One of the patients with pulmonary vasculopathy pre- 
sented with rapidly progressive and fatal pulmonary hypertension. Four ofthe five had PM as well 
as an inflammatory arthritis raising the possibility that these patients had pulmonary vasculitis in 
association with the presence of the anti-Jo-l autoantibody or another of the anti-aminoacyl- 
tRNA synthetases. The anti-synthetases are known to be associated with the presence of ILD and 
inflammatory arthritis in the IIM. We have seen muscle vasculitis in a patient with PM, severe JLD 
and the anti-Jo-1 antibody (Fig. 5). 

Pulmonary capillaritis, a distinctive histological lesion with extensive neutrophilic infiltra- 
tion of the alveolar interstitiurn, was seen in two patients with the acute onset of PM, respiratory 
failure and dif ise  alveolar hemorrhage (without hemoptysis), and bronchiolitis obliterans- 
organizing pneumonia (BOOP) (19). One patient had a positive serum anti-Jo- I autoantibody, and 
neither had antibodies directed against inyeloperoxidase (p-ANCA) or proteinase 3 (c-ANCA). 

Figure 5 Necrotizrng vasculitis in the muscle biopsy of a patient with antiJo-1 antibody positive 
polymyositis with interbtitial lung disease (H and E, 60x). 
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Retinal vasculitis has been reported in several cases of CDM (20-22). Most often, there are tran- 
sient retinal and visual changes that respond quite well to treatment. However, retinopathy re- 
sulted in permanent and profound central visual loss in one patient with severe bilateral optic neu- 
ropathy (22). With retinal vasculitis, the fundus may demonstrate cytoid bodies, cotton wool 
spots, or hemorrhage, and edema secondary to small-vessel occlusions (9,22). One adult with DM 
and cutaneous vasculitis also had retinal vasculitis (lo), but this is a rare complication in adult 
IIM. 

Central nervous system vasculitis as a feature of severe multisystem disease is an unusual 
complication of CDM (23-25). Most cases are fatal and patients often have fever, mental status 
changes, and seizures. Postmortem findings have demonstrated an angiopathy similar to that ob- 
served in skeletal muscle, as well as endothelial necrosis, dermal thickening, and parenchymal 
changes of hypoperfusion (23,24). 

Cardiac involvement occurs in the setting of severe DM but may not be vasculitic in etiol- 
ogy. However, myocarditis with vasculitis can lead to atrioventricular heart block or complete 
heart block (9), hypotension, and left ventricular failure (24). Microscopic findings have revealed 
ischemic myonecrosis (infarct) secondary to small-vessel lymphocytic vasculitis with superim- 
posed thrombotic luminal occlusion (24). 

Other myositis syndromes have been associated with vasculitis. Nodular polymyositis with 
an acute puquric rash has been reported (26), and idiopathic eosinophilic myositis with a necro- 
tizing ~edium-sized-vessel vasculitis and severe symmetric polyneuropathy is described (27). 
Pseudotumor of muscle associated with necrotizing vasculitis and chronic myositis preceded gen- 
eralized PM by 7 years in one patient (28). 

IV. MANAGEMENT 

The diagnosis of vasculitic complications in IIM entails various modalities. Cutaneous features 
are clinically obvious and may require histopathological documentation. ~as~ointest inal  vas- 
culitis can be diagnosed endoscopically with biopsy, but children often present acutely with ab- 
dominal crisis necessitating surgical intervention with bowel resection (8), A white cell scan 
demonstrating increased small bowel uptake suggestive of vasculitis has been reported (17). Pul- 
monary capillaritis can be diagnosed thoracoscopically or transbronchially (19). Cardiac and cen- 
tral nervous system vasculitis are difficult to diagnosis and, unfortunately, often substantiated by 
postmortem analysis (24). Laboratory findings are of little help in establishing vasculitis as a 
complication of myositis. There are no consistent serological autoantibody correlations, and other 
indicators of in~ammation are much too nonspecific. 

Although corticosteroids are the mainstay of treating vasculitis, they can be administered 
in different ways. In acutely ill children with gastrointestinal vasculitis, intravenous “pulses” of 
~ethylprednisolone are the treatment of choice and the dosage is usually 30 mg/kg/body weight 
up to 1 g daily for 3 consecutive days. However, the most effective frequency and duration of in- 
travenous injections are uncertain. With improvement, children should be converted to oral cor- 
ticosteroids immediately after pulse treatment, and it may be necessary to administer doses of 2 
mgkg body weight (in divided doses) since gastrointestinal vasculitis may impair drug absorp- 
tion (9). After at least 1 month of divided dose corticosteroids, a conversion to a single daily dose 
with sequential tapering is recommended. 

C y c l o p h o s p ~ a ~ d ~  (initially intravenous, followed by daily oral. therapy in severe cases) 
should be considered, and has been effective in conjunction with corticosteroids in patients with 
multisystem disease where corticosteroids are unable to be tapered (17,122). Although both indi- 



vidtial and combjiiatioii therapy (including ~iethotrexa~e, cyclosporine, cyclophosphamide, in- 
travenous immune globulin) utilizing inany iminu~osuppressive agents have been efficacious, 
some patients have been unresponsive to multiple modalities (25). Two adults with polymyositis 
and diffuse alveolar hcniorrhage secondary lo pulmonary capillaritis responded to a combination 
of c ~ ~ i c ( ~ s t e ~ o i ~ s  and oral cyclophosphan~ide (19). 

Since ~ a s ~ o i n t e s t ~ a l  vdsculitis with mucosal ulceratio~i can lead to bowel  oration, sur- 
gical intervention may be necessary. In addition to the need for concomitant i ~ i ~ o s ~ i p p r e s s i v e  
t r ea~ne i~ t~  it is iiecessary to n~cticutously manage sump drains and judiciously ad~iiini~ter antibi- 
otics as welt as provide parenterat nuti-ition. In pe~forations beyond the ~gament  of Treitz, stir- 
gery may include proximal bowel diversion with secondary closure of the ccjloslomy. 

There is increasing information on the mechanisms of muscle damage in thc inflammatory niy- 
opathies (29). It is clear that the process differs among the unique subsets of IIM. Cell-mediated 
~n~niunity appears to be pa~~io~enetical~y ~ m ~ o ~ d n ~  in PM and IBM, a id  investigators hdVe 
d e m o n s t ~ a t ~  CD8-t- T ly~pliocytes s ~ o u n d i n ~  and invading muscle fibers in polymyositis 
(30,3 I). The fibers are otherwiw normal and intact and the T cell ~ntjgcn-directed atlack on mus- 
cle thus seems to be a primary event mtlier than a secondary response to myofiber necrosis. Al- 
though humorally mediated ddimgc to vascular targets is operative in childhood and adult DM, 
humoral iminune mechanism arc involved in both PM and DM as they relate to the formation of 
distinctivc autoantibodies in the inyositis syndromes. 

The increase of vasculitis-associated clinical complicatioas in adult and childhood DM, as 
opposed to PM, is borne out histopathologically as well. In mast cases of CDM and some adult 
DN patients, there is early, prominent blood vessel involvement with capillary loss and ischemic 
muscle damage (8) leading to perit'ascicular atrophy. The inflammatory infiltrates (CD4-t- and B 
l y ~ p h o c ~ t e a ~  are interstitial and perivascular (30), aid the microvascular in.jury is complement- 
mediated with deposition of the ~ e ~ b r ~ n e  attack complex (32). The lattcr finding is an early fea- 
ture in DM muscle, occurring prior to other histoIogica1 changes s u ~ p o ~ ~ n g  its primary role in 
muscle injury (33). The factors that lead to c~)mplement activation are unknown and the roles of 
humoral i m I ~ i ~ n ~ ~ ~  and c(jIn€)~c~nent activation in extramuscular vasculitic disease ~ a n i f e s t a t ~ o ~ s  
remain undefined. However, the role of an obliterative microvdsculopathy in the pathogenesis of 
vasculitic cutaneous lesions in DM is supported by a recent study demonstrating C,,, deposition 
and a rcduction in the density of the superficial vascular. plexus (34). The above observations sup- 
port the hypothesis that PM i s  a T cell-mediated myocytotoxic disease, whereas DM is a hu- 
niomll y mediated v asculi ti s . 

Vf. 

The ~ n ~ ~ n m a ~ o ~   yop pat hies are a ~ e t e r ~ ~ e n e o u s  group of systemic autoimniune diseases that 
can target blood veshels much like any of the diffitse connective tissue diseases. Cutaneous nian- 
ifestations in the form of nodules, infarcts, or ulcerated lesions arc the prcdominant feature when 
vasculitic involveinent occurs. Childhood dermalomyositia patients most coninionly devehp vas- 
culitic complications and the effects can be life threatening when gastrointestinal or systemic in- 
volvement results. Treatment risually includes the administration of' corlicosteroids, and other im- 
mnunosupprcssivc agcnls arc often necessary for severe or refractory manifestations. The 
pathogenesis of these interesting disealses reinforces the blood vessel as an immunological target, 
especially in the casc of dcrmatomyositis. 
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Cleveland Clinic Foundation, Cleveland, Ohio 

I. INTRODUCTION 

Relapsing polychondritis (RP) i s  a rare, chronic niultisystem disorder of unknown etiology char- 
acterizcd by recurrent episodic inflammation of cartilaginous structures that results in tissue de- 
struction that can be life-threatening ( I ) .  All types of cartilage, including thc elastic cartilage of 
the ears and nose, the hyaline cartilage of the tracheobronchial tree and peripheral joints, and the 
fibrocartilage of the axial skeleton may be involved. Inflammatory injury may also affect the eye, 
heart, blood vessels, and inner ear. Constitutional symptoms are common. Vasculitis may affect 
small, medium, or large vessels. There is a paucity of data regarding the epidemiology, incidence, 
prevalence, and mortality of this rare disease. No specific serological tests for RP have been iden- 
tified, and the diagnosis is based on the characteristic clinical manifestations. Patients with RP 
have an increased frequency of HLA-DR4 (2 ,3) ,  and often have coexistent autoimmunc discascs 
(4). Relapsing polychondritis pursues a fluctuating and often progressive course with bouts of in- 
flammation that may lead to permanent destruction of involved tissues. In a minority of patients, 
the disease may be self-limited. Glucocorticoids (GCs) are the mainstay of therapy during acute 
attacks. Cytotoxic agents such as cyclophosphamide (CYC), uathioprine (AZA), and methotrex- 
ate (MTX) have been used as additional therapy although no controlled studies have been per- 
formed with these agents. Overall, 74% of patients are alive 5 years, and 55% €0 years after dis- 
ease onset (5). 

II. ETIOLOGY AND PATHOGENESIS 

The cause of RP i s  unknown. Cartilage destruction is mediated hy release of degradative en- 
zymes, including metalloproteinases and reactive oxygen metabolites Crom activated chondro- 
cytes and inflammatory cells under the influence of immune-mediated cytokines such as inter- 
lcukin 1 (IL-1) and tumor necrosis factor (TNF). 

The earliest histological abnormality is focal or diffuse loss of basophilic staining, indicat- 
ing depletion of proteoglycans from the cartilage matrix. Mononuclear cells predominate in es- 
tablished lesions. In the acute stage, polymorphonuclear leukocytes (PMNs) may be seen. Chon- 
drocyte dropout, lacunar breakdown, and centripetal destruction of cartilage are followed by 
granulomatous changes, fibrosis, and foci of calcification. 

Electron microscopic examination of ear cartilage reveals large amounts of electron dense 
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material on the surlace of elastic fibers and bctween collagen fibers (6). Numerous small cxtra- 
cellular matrix granules, thought to be proteoglycans, are also seen. Larger, dense membrane- 
bound vesicles of variable size are observed budding from the tips of chondrocyte villi into the 
extracellular space. These may represent chondrocyte-derived lysosoiiial granules that contribute 
to the loss of cartilage (7). 

Several reports document an immune response against type I1 collagen in RP and rheuma- 
toid arthritis (RA) (8,9). In addition, antibodies to type I1 collagen and iinmune complexes are de- 
tected in the sera of some patients (1 0). Small areas of regenerating cartilage may sometimes be 
seen. lmmunofluorescence techniques have demonstrated deposition of immunoglobulins (IgG, 
IgA and IgM) and complement (C3) at the chondrofibrous junction extending focally into mar- 
ginal cartilaginous areas (I l). Titcrs of anticollagen antibodies have been reported to correlate 
with the activity of the disease (9). 

Auricular chondritis occurs in rats immunized with type 11 collagen (12,13), and fawn- 
hooded rats devclop chondritis spontaneously (12,14). Antibodies to type I1 collagen are found in 
the sera of these animals and, as in man, immune deposits (IgG, IgM, IGA, and C3) are detected 
at sites of ear inflammation. In addition, double transgenic inice for human HLA-DQ6 and HLA- 
DQ8 devclop chondritis and arthritis, which appear similar to human disease (1 5). Cell-mediated 
processes appear to also be operative in causing tissue injury. Lymphocyte transformation and 
macrophage migration inhihition can be demonstrated when patients’ lymphocytes (but not con- 
trols) are exposed to cartilage extracts (16). Humoral and cellular responses to types IX and XI 
collagen were found in one patient (17). Thus, it appears that in RP there may be a genetically in- 
fluenced immune response against type I1 (and less often other) collagen that causes injury to car- 
tilage or collagen-rich structures via proteolytic destruction. 

111. ICAL ~ANI~ESTATIONS 

ln 1923, Jaksch-Wartenhorst (1 8) reported the first case of Kp in a 32-year-old brewer who de- 
velopcd the acute onset of an asymmetric polyarthritis with fever, and bilateral ear inflammation. 
After auricular i~ f l a~mat ion  subs~ded, loss of hearing, diwiness, tinnj~us, and deformity of both 
ears followed, with collapse of the nasal bridge, rcsutting in a “saddle-nose” deformity. Biopsy 
of the nasal cartilage revealed loss of cartilage matrix and a hyperplastic mucous membrane. In 
1960, Pearson ct al. (Is)) coined the term, “relapsing polychondritis” when they reported two ad- 
ditional cases and reviewed thc literature of previously described cases. 

Although the discase may develop at any age, the peak period is in the fifth decade, and the 
mean age i s  47 years (5). Cases have been reported at both extremes of life (5). In general. gem 
der preference does not occur, although in one review the female-to-inale ratio was found to be 
3: 1 (I). Caucasians are most commonly affected, and RP is rare in other ethnic groups. 

In 40% of patients, the initial manifestation of RP is auricular chondriljs (Fig. 1 and 2), af- 
kctirig one or both ears. Eventually 85% of patients will develop ear involvement (Table 1 ). Usu- 
ally both ears are involved, Patients experience the sudden onset of i n f l~mat ion  of the carti- 
laginous portion of the ear. The n o n ~ ~ ~ l ~ ~ n o u s  earlobcs are spared. The overlying skin i s  beefy 
red or violaceous. The episode. whicli Pasts days to wccks, usually resolves spontaneously. Re- 
current episodes are also abrupt in nature, unless the patient is receiving GC therapy, in which 
case episodes can bc more insidious. Repeated attacks cventually lead to cartilaginous destruc- 
tion and a droopy or flabby ear (“cauliflower ear”). Auricular chondritis infrequently develops in 
other preex~s~ng ~ ~ e L ~ n ~ a t ~ c  diseases, such as systemic Irtpus ery~ematosus (SLE) or Wegener’s 
granulomatosis (U7C) (20). causing diagnostic confusion. Simlar features may also be seen in 
lepr~~matous leprosy (21). Relapsing p o l y c h ( ~ ~ d ~ ~ i s  has also been reported in rheumatoid arthri- 



677 

Eigur@ 1 Auricular chondntis in relapsing polychondritis. 

igure 2 Light microscopy of an ear biopsy specimen from a patient with RP. Infiltrate is prirnarily 
mononuclear cells. 
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Table 1 Clinical Manifestations in 1 I2 Patients with Relapsing Polychondritis 

Frequency (96) 

At presentation Cumulative Clinical featuse 

~ p h t ~ ~ ~ t ~ ~ o ~ o g ~ c a l  diseasc 21 (19) 57 (51) 
E~e~ i#pe~orb i  tat 

Lid edema 
Tarsitis 
Orbital inflammation 
Muscle paresis 
Ddcrocy stitis 

Episclesitis 
Sclerilis 

Conjunctiva 
Kesatitis sicca 
~ o n s p e c ~ f i ~  

Pesip~eral corneal ~ ~ i ~ n ~ n ~  and pannus 
Periplieral infiltrates 
Nonspecific 

Uvea 
Isitis 

Retina 
Retinopathy 
Retinal vein occlusion 
Choroiditis 

Optic neuritis 
Ischemic optic n e u ~ p ~ ~ h y  
P a p i ~ ~ e d e ~ ~  
Other visual field defects 

Cataracts 

Sclesal 

COrll€% 

Optic nerve 

Lens 

Otolaryngologicai disease 
Auricular chondritis 
Nasal chondritis 
Saddle-nose deformity 
Wearing loss 
Vertigo 

i ~aryngo~achea~ syinptoms 
L ~ y n g o ~ a c ~ e a l  stricture 

Musculoskeletal disorders 
Arthritis 
Chest wall tenderness 

Rend disease 
Elevated creatinine 
Microhematuria 
Psoteinuria (22 on dipstick) 

Respiratory disease 

1 

15 
6 

1 

1 

44 (39) 
27 (24) 
20 (18) 
10 (9) 
4 (4) 

29 (26) 
I7 (15) 

39 
14 

10 
6 

4 
4 
7 

9 

9 
2 
1 

95 (85) 
60 (54) 
32 (29) 
33 (20) 
15 (13) 

54 (48) 
26 (231 

IS (13) 
29 (26) 
16 (14) 
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Clinical feature 

Frequency (%) 

At presentation Cumulative 

Cardiovascular disease 
Aortic regurgitation 
Mitral regurgitation 
Aneurysm 
Vaseulitis 

Dermatologic disease 
Skin involvement 

~ a ~ r a t o i y  abnormal i tier 
Anemia 
Elevated sedinientation rate 

8 (7) 

56 (50) 
83 (74) 

32 (28) 

62 (5s) 
92 (82) 

Source: Modified from Ref. 37. 

tis, ankylosing spondylitis (AS), myositis, Behget’s disease, Sjiigren’s syndrome (SjS), and other 
vasculitides (Table 2). Hearing loss may occur from blockage of the eustachian tube or the exter- 
nal auditory meatus. Inflammation of the internal auditory artery or its cochlear branch can cause 
deafness, tinnitus, ataxia, vertigo, nausea, and vomiting (22,23). This may occur in up to 30% of 
the patients. 

The cartilage of the nose becomes inflamed in one quarter of cases during the first attack. 
Eventually 50% of patients will have nasal involvement (24). Symptoms include nasal stuffiness, 
rhinorrhea, and epistaxis. Inflammation of the bridge of the nose may lead to collapse, producing 
a saddle-nose deformity. In some patients, this process may be insidious, without overt inflam- 
mation. Saddle nose i s  more common in younger patients, especially in women. 

Arthritis is the presenting manifestation in a third of patients, and may antedate other dis- 
ease manifestations by several rnonths. The arthritis of RJ? is typically seronegative, nondeforin- 
ing, oligoarticular or polyarticular, tends to spare the forefoot, involves both large and peripheral 
joints (25), and usually resolves spontaneously without residual joint deformity. It has a predilec- 
tion to involve the central thoracic joints (sternoclavicular, costochondral, and sternoinanubrial 
junctions), which in severe cases can lead to dislocation of the clavicles and ribs. and compromise 
respiratoiy function (4). The synovial fluid is usually noninflmdtory. Radiographs typically 
demonstrate joint space narrowing without erosions (26). Rarely, there may be a destructive 
arthropathy (4,27). 

Laryngotracheal involvement, which occurs in 50% of patients, results in hoarseness, non- 
productive cough, dyspnea, wheezing, inspiratory stridor, and tenderness over the larynx and 
proximal trachea (28). Mucosal edema, strictures, and/or collapse of laryngeal or tracheal carti- 
lage may cause life-threatening airway stcnosis necessitating tracheostoiny (29). Collapse of the 
bronchial cartilage can lead to pneumonia and death from respiratory insufficiency. 

IV. VASCULITIS AND RELAPSING POLYCHONDRITIS 

While RP predominantly occurs as a distinct clinical entity, in up to 30% of patients it can be as- 
sociated with systemic vasculitis, RA, SLE, spondyloarthropathy, or Behqet’s syndrome (5). Vas- 
culitis syndromes are the most commonly reported of these disorders, with estimates ranging 
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Table 2 Systeinic Vasculitis in Relapsing Polychondritis 

Site Type of vasculitis/associations 

Cardiovascular 

Renal 
Ocular 

Neurological 

Skin Leukocytoclastic vasculitis 
Granulomatous vasculitis 
Livedo reticularis 
Erythema nodosum 
Panniculi tis 
Subcutaneous nodules 
Coronary artery vasculitis 
Aortitis 
Aortic regurgitation 
Thoracic and abdominal aortic aneurysms 
Segmental necrotizing crescentic glomemlonephritis 
Chorioretinitis 
Retinal vasculitis 
Retinal (or branch) vein occlusion 
Cranial neuropathies 
Encephalopathy 
Stroke 
Ataxia 
Aseptic meningitis 
Transverse myelitis 
Mononeuritis multiplex 

Other Testicular ischemia 
Superficial thrombophlebitis 

Association with other systemic vasculitides Wegener's granulomatosis 
Polyarteritis nodosa 
Takayasu's artcritis 
Giant cell arteritis 
Microscopic polyangiitis 
Churg-Strauss syndrome 
Behqet's disease (MAGIC syndrome) 
Mixed cryoglobuliiiemia 

from 1 l-SS% (4,s). There is a broad range of vasculitis associated with RP (see Table 2). Over- 
lap or un~ffer~ntiated vascutitic syndromes can also occur. 

A. Cutaneous 
Skin lesions, seen in 17-390/0 of cases, include macules, papules, vesicles, and bullae (S,30,31). 
Five to 14% of patients have biopsy-proven leukocytoclastic vasculitis (4,S). Necrotizing and 
panulomatous vasculitis may a1 so occur (32).  Occasionally, patients may present with fever and 
migratory, tendcr, subcutaneous nodules that histologically resemble erythema nodosum (EN) 
(33). Othcr rare cutaneous lesions include urticaria, livedo reticularis, panniculilis, angioedema, 
erythema elevatum diutinum, and erythema multifonne that may coexist with vasculitis (5,34). In 
addition, an overlap of RP and Beh~et's disease, termed MAGIC syndrome ( ~ ~ ~ i ~ d ~  and gerzidal 
ulcers wi& i~~~~~~ € a ~ j i ~ ~ ~ )  may occur (35). 3 5 s  c o m b i n a ~ ~ ~ n  i s  very rare; onty eight cases 
have been reported in the ~ i ~ r a t u r e  (36). Age of onset varied from 10-59 years. Five out of eight 
patients were women. Two patterns of disease are recognized: {I) Behget's disease-type, in which 



oral and genital ulcers are initial signs (6 of 8 patients were in this group) and (2) polychondritis- 
type, in which oral ulcers and polychondritis were initial signs, with the subsequent ap~earance 
of EN or genital ulcers suggesting Behqet’s disease. 

Ocular inflammation occurs in about 65% of patients with RP (5). Episcleritis is the most com- 
mon ocular finding. Conjunctiviti~, keratitis, uveitis, cho~oretinitis, proptosis, exophthalmos 
mimic~€ig orbital pseudotumor, and extraocular muscle paralysis can also occur (3’7,313). In a re- 
view of f 12 patients, proptosis with chemosis suggesting a pseudotumor was the most c o ~ o n  
ocular adnexal finding (37). Four patients had proptosis (up to 6 mm), with two having bilateral 
proptosis simulating orbital ~seudotumor. Because imaging studies were not done, proof of 
pseudotumor is not definitive. There was accompanying extraocular muscle paresis in two pa- 
tients. Extraocular muscle palsy may occur, which is a known complication of pseudotumor in 
other diseases (38). Ocular involvement is often episodic. When the manifestations of RP are con- 
junctivitis, chorioretinitis, or iritis with arthritis, the differential diagnosis includes Reiter’s syn- 
drome, s~coidosis, RA, spondylo~~opathies, reactive arth~itis, in~ammatory bowel disease, or 
Behqet’s syndrome. Serious ocular sequelae can occur, including severe corneal ulceration and 
scleromalacia perforans (39). Retinal vasculitis and optic neurits may lead to blindness (37,40). 
 erat to conjunctivitis sicca is observed in up to 10% of cases. Rarely, a conjunctival mass, a 
“salmon patch” of lymphoid hype~lasia is observed (41). 

1. Valvular Heart Disease 
Cardiovascular involvement is the second leading cause of death in RP (4,5,42), and is seen in 
24-52% of patients. Aortic regurgitation (AR), the most common cardiac abnormality in RP, was 
first described b y ~ a ~ a 2 a ~  et al. in 2966 (44). Aortic regurgitation occurs in approximately 10% 
of patients (43,44). It is usually a late sequel of RP (mean disease duration = 7 years), seconda~ 
to aortic root dilatation (78% of cases) (43) or cusp retraction (45). Severe AR complicating cusp 
rupture can be a rare early manifestation. Microscopically, the valvular cusp shows necrotizing 
leukocytic inflammation (46). The valve may show cusp thickening, fraying, loss of elastic tissue, 
and cystic degeneration of cells (47). Cusp rupture with a normal aortic root has been reported 
(46). Valve replacement is required in more than one-third of patients with AR (48). Surgical re- 
pair may be complicated by continued annular inf l~mation resulting in paravalvular leak, valve 
dehiscence, and need for further surgical intervention (49). Severe aortic root involvement can 
sometimes develop in asym~tomatic patients despite otherwise apparent remission of RP (SO), In 
either case, this obse~vation underscores the importance of careful cardiac su~eillance. 

Mitral regur~itation (MR) is less frequent (1.8% of patients) than AR (43,5 1)  and may be 
caused by annular dilatation (43,49), leaflet thickening (43), anterior leaflet prolapse (43), and, 
rarely, chordal rupture secondary to endocarditis (43). Histological studies reveal chronic in- 
flammatio~~ fibrosis, and myxornatous degeneration (43,52), In 1.5% of patients, AR and MR le- 
sions coexist (43). Rarely, dilatation of the annulus of both the mitral and tricuspid valves may 
cause mitral and tricuspid regurgitation (46). 

2. A r r ~ ~ ~ ~ ~ i a s  
First- to third-degree atrioventricular conduction blocks occur in about 5% of patients (42). Com- 
plete heart block, related to either fibrosis of the conduction system or extension of inf l~mation 
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and/or fibrosis from thc aortic valve, may be thc first cardiac manifestation of the disease or may 
occur later (53,54j. Sinus tachycardia, atrial fibrillation, and atrial flutter have been rarely re- 
ported (4935). 

3. Periearditis, Myocardial Infarction 
Pericarditis is observed in about 4% of cases of RP. Pcricardial effusions usually do not cause 
tamponade. Diagnosis and severity can be assessed by echocardiography (55). Myocardial in- 
farction can rarely occur as a result of coronary vasculitis or coronary artery aneurysms causing 
thrombosis or cmbolism (4,431. 

4. Aortic Involvem~nt 
Aortic anearysins (AAs) are observed in 5-796 of patients (43,5 1 j. Aortic aneurysms occur most 
often in the ascending aorta (Fig. 3), but may be multiple and can involve the abdominal aorta 
(4356). An aortic arch syndrome, single or multiple thoracic or abdominal aortic 4aneurysms with 
rupture, or “pulseless” disease similar to Takayasu’s arteritis have been described (see Table 3). 

Figure 3 Aneurysm of the aortic arch is visualized using MRI. Progressive dilatation occurred over 1 
year. (Courtesy of Chad Dcal, Deparlnient of Rheumatic and Immunologic Diseases, Cleveland Clinic 
~ounda~ion. j 

Table 3 Aortic Disease in Rekipsing Polychorrdritis 

Site Incidence (%I 

Thoracic aortic aneurysm 
Thoracic and abdorrtitral aortic suiourysrn 
Abdoin~nal aortic ~ ~ c ~ r ~ ‘ 5 ~ n  
Aortic dissection 

3. I 
1.1 
0.9 
0.9 

Source: Prom Ref. 51. 
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Aortic root involvement usurally rcsufts in AR. Grossly, the intima1 surface of the affected aorta 
has a wrinkled appearance that closely resembles syphilis ~pseudosyphilis~ (57). Histologically, 
lymphocytic infiltration around the vasa vasorum and fragmentation and loss of  elastic tissue 
even~al ly  leads to fibrosis and h y ~ i n i ~ a ~ i o t i  of the inriind and mcdial layers of the vessel (58). 
These lesions are indistinguishablc from those seen in Reiter's syndrome and other spondy- 
loarthroparhies. Aortic disease may be clinically silent until causing fatality from rupture (56). 
Large-vessel thrombo~e disease has been reported in a patient with a~itiphos~hoIipid (APL) an- 
tibodies (59). Of the remaining seven patients in this study, three had prolonged activated partial 
thromboplastin times (APTTs) that corrected in mixing studies with controlled plasma. Since this 
patient was expe~e~cj i ig  a Bare of RP, the presence of APL antibodies may have been it par1 oi' 
thc polyclonal gammopathy that characterizes many inflammatory stales. Thrombosis of  the aorta 
and iliac vessels suggests m underlying prolhrombotic state, to which APL antibodies iwny have 
played a eontributin~ role. 

5. Extraaortic Aneurysms and Vascutitis 
In RP, as~p tomat i c  ~ i e ~ y s m s  of the i ~ e d i u ~ - s i ~ c d  vessels may develop and rupturc suddenly. 
Iliac (47,58), femoral (58), subclavian, radial, coronary, and cerebral (60) vessci involvement has 
been reported. In addition, thrombosis of these vessels secondary to vasculitis can cause cata- 
strophic complications (33). 

Apart from aortifs, large-vessel vasculitis is a well-described complication of RP, and oc- 
curs in up to 15% of cases (33). The vasculitis may be focal or diffuse, indolent or fulxnixmt, and 
rapidly fatal. Superficial and deep vein th romb~p~leb~ t~s  occurs in 4% of patients, is frequently 
relapsing and migr&ry, can be complicated by pulmonary embolism (47), and may be associ- 
aced with nntiphospholipid cantibodies (591. 

0. Renal 
~l~merulonephritis (GN) occurs in 22% of ~ a t ~ e n t s  with RP, and is more coi~mon tharr generally 
recognized (61 >. The presence of CN imparts a worse prognosis for RP. The 10-year survival rate 
of Rp with GN is only 30%; older age and the presence of vasculitis atso impart a worse progno- 
sis (61). The most common renal histopathological finding is mild mesangial proliferation, fol- 
lowed by focal and segmental necrotizing glomerulonephritis with crescents (62). Immunoglobu- 
lins (IgG or IgM) and complement components, deposited as granular subendothelial or mesangial 
deposits, may be observed on electron microscopy (63). Diffuse proliferative glomerulonephritis 
may be seen if RP is associated with SLE or Sjogren's syndrome (61.64). Other abnorndities in- 
clude glomerulosclerosis, IgA ncphropathy, and tubulointerstitial nephritis. Rheumatoid factor 
(RF) and cryoglobulins are infrequently present, and C3 and C4 arc usually normal. Positive tests 
for antinucl~ar a n t ~ ~ d ~ ~ s  (ANAs), and an t i~e~~roph i i  cytoplasmic antibodies (ANCA) with pro- 
teinase 3 (PR3) s ~ c i f i c ~ t y  (2 of 98 patients with bi~psy-proven vasculitis) have been reported in 
RP with renal involv~ment (65). Therefore, patients with renal j r ~ v ~ ) ~ v e ~ i e n ~  should be evaluated 
for the presence of coexistent diseases, especially SLE, WG, or other systemic vasculitides (66). 

E. N ~ ~ r o ~ o g i ~ ~ l  

Vasculitis involving the cenrral and peripheral nervous system is a rare complication of RP (4,671. 
McAdam et al. (4) reported that 2 of 23 patients with RP had cerebral vasculitis, although biopsy 
confirmation of vasculitis was not sought. Only one biopsy-proven case of central nervous sys- 
tem (CNS) vasculitis has been reported (68). In another case of prcsumed CNS vasculitis and RP, 
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the patient presented with confusion, nystagmus, facial weakness, and bilateral dysmetria (67). 
The cercbrospinal fluid (CSF) examination was normal. 

The constellation of reported features of CNS involvement in RP includes mononeuritis 
mu1 tiplex, mixed sensorimotor neuropathy, or cranial neuropathies (especially cranial nerves VI 
and VII, and less often crannial nerves 11, 111, and XU) (33). These lesions, as well as the typical 
cochlear or vestibular nerve complications, have been presumed to be vasculitic in etiology (67). 
Computerized tomography (CT) is often negative in this setting. Aseptic meningitis (69,70), 
headaches, confusion (7 1,72), encephalopathy, seizures (4,7 l), diffuse slowing of the electroen- 
cephalogram (72), psychiatric signs (67,72), ataxia (66,7 1,73), hemiplegia, transverse myelitis, 
and temporal artery nongranulomatous vasculitis (74) have all been reported. 

The pathogenesis of CNS involvement in RP is not understood. Some of the symptoms and 
signs may be manifestations of small-vessel vasculitis. Since there is a broad overlap with other 
autoimmune diseases that may involve the CNS (e.g., Behqel’s syndrome, polyartcritis nodosa 
[PAN], giant cell ‘arteritis [GCA], Takayasu’s arteritis, WC, and SLE), it is important to consider 
that some of the findings may be due to coexistent diseases. 

McAdam’s criteria have been utilized as a guide to diagnosis (4) (Table 4). A definite diagnosis 
of RP requires three or more clinical features being present. Initial presentation of Rp with fewer 
criteria (66) or the prcsence of an associated disease may confound the differential diagnosis 
(75,76). For example, unilateral auricular chondritis may be due to a number of infections that 
can involve the ear, such as Pseudomonas aeruginosa and erysipelas. Chondrodermatilis helicis 
is characterized by the appearance of a painful, tender, scaling, firm nodule on the helix and can 
usually be distinguished from auricular chondritis. Rarely, other infiltrating lesions, such as cuta- 
neous lymphoma, may involve lhe auricle. Biopsy is usually required whenever the diagnosis is 
uncertain ( 1  1,77). 

Isolated subglottic involvement may be observed in other inflammatory syndromes, in- 
cluding amyloidois, sarcoidosis, WG, and infectious illnesses such as tuberculosis or atypical 
mycobacterial diseases (78). Although WG predominantly involves the upper and lower airways 
and kidneys, in rare cases, the tracheobronchial tree can be the only site of involvement (79). In 

Table 4 DiagnosGc Criteria for Relapsing Polychonddtis 

Criterion Description 

1 
2 Nonerosive inflammatory polyarthritis 
3 Chondritis of nasal cartilage 
4 

5 
6 

Recurrent chondrititls of both auricles 

Inflammation of ocular structures, including conjunctivitis, keratitis, scleritis/episcleritiis, 

Chondritis of the respiratory tract involving laryngeal and/or tracheal cartilages 
Cochlear and/or vestibular damage manifest by neurosensory hearing loss, tinnitus, 

and/or uveitis 

andor vertigo 

Source: Modified from Ref. 4. 



a series of Sl  patients with tracheobronchial WG, half had tracheal abnormalities, and 10% had 
evidence of subglottic stenosis (80). A rare, inherited, pediatric disorder of hydine cartilage lead- 
ing to raddle-nose deformity and degeneration and c~~i f jca t ion  of subglottic cartilage has been 
described in an Indian family (8 1). Other forms of tracheal disease. such as saber-sheath trachea 
or tracheopathi a osteoplastica, can be distinguished by characteristic CT scan appearances and 
lack of other disease manifestations of RP (82). Tracheopathia osteoplastica is a rare, benign dis- 
ease of thc trachea and major bronchi, characterized by c ~ j ~ a g j n o u s  or osseoas nodules that pr+ 
ect into the tracheobronchial lumen causing considerable deformity (83,84). 

The usual findings of RP on CT of the trachea include wall thickening by edema secondary 
to inffammation and/or granulation tissue. Chronic lesions may become calcified (85). Destruc- 
tion of trached cartilage inay lead to sof~ening and d y n a ~ i c  colIapse of the airway, best demon- 
strated by cine CT showing flaccidity of the tracheal wall during inspiration. Laryngotmcheal 
biopsy may be haLardous and lead to acute respiratory distress, especially in cases with stenotic 
or flaccid airways. Intubation for any reason niay be difficult because the glottis may be narrowed 
due to edema or cartilage dest~Iction (86). In RP patients without la~ngot rac~ea l  disease, trauma 
during intubation may induce focal inflammation (87). 

Renal status should always be evaluated to exclude the possibility of an accompanying 
g 1 o i ~ e r u ~ t ) n e p ~ ~ i s  (61), and if present, should be carefully screened for coexistent other au- 
~oimmt~ne diseases, espeeidfy SLE (66). Dui-ing acute flares of the disease, patients may have el- 
evations of surrogate markers of inflmnmation. 

Mild leukocytosis and normochromic, normocytic anemia are present in approximately 50% of 
patients (5) .  If macrocytic anemia is present, the possibility of a rare associated myelodysplastic 
syndrome should be considered (88). Polyclonal hypergammaglobulinemia, elevated erythrocyte 
sedimentation rate (ESR), and thrornbcytosis reflect nonspecific changes of chronic inflamna- 
tion. In one study, ESR was elevated in 74% of patients at presentation, and 82% at some point 
during the disease ( 5 ) .  Low titers of ANA or RF are occasionally seen, and occur more often in 
patients with other coexistent autoimmune diseases, especially SLE and RA, respectively (66,75). 
Among 11 1 patients who met criteria for RP. ANA titers greater than 1: 100 were found in 10 pa- 
tients (9%) (89). Among these patients, five had clinical and/or ophthalmological features sug- 
gestive of Sjogren's syndrome, including two with antibodies to both SS-A and SS-B, and two 
with a inyelodysplastic syndrome. None o f  the 10 patients had antibodies to double-stranded 
DNA. Antibodies to both native and denatured type I1 collagen, predominantly of IgG subclass, 
are found in approximately 50% of patients (8-10). The sensitivity in one study was 33%, with 
specificity of almost 100%. Data from this study revealed that, during acute attacks ol' RP, titers 
of antibody to collagen type II were elevated (9). Antibody titers normalized after treatment with 
corticosteroids. Circulating immune cornplexcs may be detected, especially in patients with early 
active disease. In addition, assays for T cell-mediated immune responses to type I1 collagen may 
be positive (16,90). Such studies are generally not available in hospital laboratories. 

Few studies have included analysis of ANCA by indirect immunofiuorescence (IIF) and 
ELISA techniques, the current standard for diagnosis. In a study of 98 patients who had un- 
equivocal histological proof of RP, cases were stratified according to the ANCA specificity. Anti- 
PR3 ELlSA was positive in only two patients. Previous studies of the relationships between 
ANCA and RP have relied mainly on IF titers, which depend on observer interpretation and ex- 
perience. Current data do not support the notion that the presence of ANCA in RP reflects vascu- 
lar involvcmcnt (91 -93). 
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VII. MANAGE MEN^ AND TREATMENT 

In patients with characteristic presentations, such as bilateral auricular chondritis or multifocal 
chondritis, biopsy is usually not necessary. Because of the potential for serious airway involve- 
ment, all patients with RP regardless of the presence of upper airway symptoms should undergo 
evaluation for laryngotracheal involvement. Pulmonary function tests, such a5 flow-volume 
loops, radiological assessment by tomography or CT scanning, and most importantly, direct vi- 
sualization of the upper airways by fiberoptic endoscopy are necessary to fully characterize the 
extent of airway involvement (28,95). A 12-lead electrocardiogram is recommended for all newly 
diagnosed patients to detect early cardiac involvement. Since cardiac involvement can be asymp- 
tomatic, some authors also rccomrnended a baseline echocardiogram to evaluate possible aortic 
or initral valve thickening or regurgitation (50). Auscultation over large vessels should be per- 
formed to detect bruits. Blood pressure should be measured in all four limbs and periodically re- 
peated. If a significant discrepancy is detected, imaging of the great vessels either by angiogra- 
phy or “edema-weighted” magnetic resonance imaging (MKI) should be performed to delineate 
vascular anatomy and presence of inflanirnation. In one study of vascular MIU in Takayasu’s ar- 
teritis (TA), increased signal density was noted in 94% of patients with unequivocally active dis- 
ease (96). Coinparable data are not available for large vessel involvement in RP. 

Distinguishing RP from WG can be difficult because of similarities in clinical phenotypes 
and, in rare cases, the coexistence of both disorders (97). Saddle-nose deformity, laryngotracheal 
involvement, arthritis, episcleritis, and vasculitis occur in both disorders (Table 5). Necrotihg 
G N ,  otitis, sinusitis, nasal septal perforation, and proptosis, which are more suggestive of WG, 
may also occur in a minority of patients with RP (61,98). Auricular chondritis, which is consid- 
ered a hallmark of RP, has been described in several cases of WG (20,99). The presence of cavi- 
tary lung lcsions and histological evidence of necrotizing granulomas favors a diagnosis of WG. 

Table 5 Clinical Features of Relapsing Pol ychondritis and Wcgener’s granulomatosis 

Clinical feature Relapsing pol3~c~on~ri~is Wegener’s g r ~ L ~ l o n i a t ~ s i s  

Auriculaf chondritis +++fa + 
Otitis ++ ++ 
Sinusitis + ++++ 
Saddle-nosc deformity +++ +++ 
Nasal septal perforation - ++++ 
Episcteritis 4-4- tt 
Pscudotumor i ++ 
Laryngotracheal invalvcmcnt ++++ ++ 
Suk~glo~tic stenosis +++ ++ 
Pulmonary nodules -- +++ 
Leukocytoclastic vasculi tis ++ ++ 
~ ~ o ~ i e r u l o ~ i e p ~ ~ ~ s  ++ ++++ 
~ ~ ~ ~ ~ e u ~ t ~ s  mttltiplex ++ ++ 

Aortic aneurysms ++ 

Myelodysplastic syndrome ++ 
ANCA positivity ++ ++++ 
Necrotizing g r ~ u l o m ~  - ++++ 

- Aortitis +++ 

Arthritis ++ ++ 
__ 

- 

‘Symbols: + me, ++ occasinnully seen, +++ coinmonly wen, ++++ typically secn. 
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Tracheobronchial flaccidity and ascending aortic aneurysms favor the diagnosis of RP. In the ab- 
sence of early discrirninating data, a precise diagnosis may not be possible. Because GC therapy 
alone generally does not lead to remission in WC, critical consjdera~on should be given to the 
addition of a cytotoxic agent in patients with a WGRP overlap. 

Because RP is a rare disease, treatment recommendations have been derived based on em- 
pirical observations. Glucocorticoids are the mainstay of therapy. They have a consistently pal- 
liative ef'fect on acute chondritis. Recommended initial doses o~prednisone range from 0.5 to l .0 
mg/day. Nonsteroidal a n t i i n f l a n ~ ~ a t ~ ~ ~  drugs (NSAfDs) can be used to manage mild auricufar, 
nasal, and costochondral chondritis, or synovitis. Anecdotal reports of the use of dapsonc (100 
mg twice daily), or colchicine (0.6 mg twice daily) havc been published as alternatives lo GCs in 
i ~ a ~ a g ~ n ~  a ~ ~ c u l ~  or iiasal c ~ o n ~ ~ j ~  ( ~ ~ - 1 0 2 ) .  Colchicine (0.6 mg twice daily) has been used 
with success to abort: acute attacks of chondritis (102), and in two patients, therapeutic efficacy 
was claimed within 96 h, with complete resolution of the auricular inflammation within a week. 
Because controiled trials have not been performed with colchicine, the efficacy of the agent re- 
mains uncertain. Patients with necrotizing scleritis, tracheal involvement, or systemic vslsculitis 
have often experienced progressive disease in spite of GC therapy. In this setting, the most ap- 
propriate strategy for a second-line agent remains speculative, but CYC, AZA, and cyclosporin A 
(CsA) have all been employed (39,103,104). In one report. CsA was reported to induce and main- 
tain remission for 2 years in a patient with progressive tracheal involvement refractory to GCs, 
dapsone, CYC, and AZA (103). In another series of 1 1 patients with scleritis and RP, two patients 
with milder disease were successfully treated with dapsone (39). However, seven patients (63%) 
required the addition of a cytotoxic agent (GYC, AZA) to systemic GC therapy for optimal con- 
trol of progressive eye involvement. The authors concluded that ocular nianifestations of RP, es- 
pecially nodular and necrotizing scleritis, are less anienable to either systemic GCs or dapsone 
therapy and require the addition of a cytotoxic agent. limited success has been reported with the 
usc of anti-CD4 ~onoclonal antibodies (Mab) ~1~~5,1(}6). In another report, daily illfusions of 
anti-CD4 Mab resulted in regression of symptoms, and allowed reduction of GC doses in a pa- 
tient with RP that was previously refractory to second-line agents (106). 

Acute flares of laryngotracheal disease may be managed with pulse methylprednisolone, 
and racemic  epinephrine^ a potent vasocoristrictor. has been reported to be useful to decrease air- 
way in~l~mmation and subglottic edema (107,108). Although reports of its use are also anecdootd, 
racemic epinephrine may be extremely useful for acute life-threatening airway obstruction be- 
cause it has a rapid onset of action. Subglottic involvement may require a tracheostomy for relief 
of upper airway o ~ s t ~ c t i o ~ ~ .  Laryngeal s tem have not been shown to prolong survival outside 
the hospital or increase independencc from mechanical ventilation (86). However, in a recent 
study (10% five patients with severe airway disease were managed by the placement of self-ex- 
pandable metalk stents (SEMSs) and followed prospectively for 20 months. Three patients had 
previously required ventilator therapy because multiple weaning attempts were unsuccesstid 
prior to stent placement. Seventeen stents were placed, and immediate improvemcnt of symp- 
toms, wheezing, and ventilation was noted in all patients (Fig. 4). Three patients were alive 16 to 
18 months after the first steiit placement. One patient died after 3 weeks, presumably due to col- 
lapse of airways distal to the stents. The other patient survived for 20 months before shc died. Ad- 
vantages of SEMSs include ease of placement, visibility on routine chest radiographs, dynamic 
expandability, maintenance of ventilation through the stent, conformity of tortuous airways, and 
ability to intubate through the stent. Complications include migration, granulation tissue forma- 
tion, retention of secretions, bleeding, ulceration, and, rarely, erosion of the tracheobronchi~l wall 

No controfled trials of therapy have becn L~nde~aken of cardjovascular co~~l ica t ions  in RP. 
Patients with acute condiiction abnormal~~ies, p r~s~mably  due to i n ~ ~ n i a t i o ~ i  affecting the con- 
ducting system, may benefit from systemic GC therapy (1 12). Atrioventricular (AV) blocks may 

(110,lll). 
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Figure 4 Bronchoscopic view before (right) and after (left) stent placement i n  a patient with RP. Note 
near-total collapse of the right mainstem bronchus, and its complete palency following stent placement. The 
lelf. mains~em bronchus is patent, (Courtesy of Ahtul Mehta, Departmcnt of Pulmonary Medicine and Crit- 
ical Care, Clevcland Clinic Foundatian,) 

require a permanent pacemaker. Disease progression may occur whether treatment consists of 
GCs alone or GCs combined with cytotoxic agents (5 I ) .  

Patients with severe aortic valve involvement should be considered for valve replacement 
in conjunction with reconstruction or replacement of the aortic root (47). Follow-up of 20 RP pa- 
tients who underwent valve surgery showed a 1-year mortality of 20% and 2-year rate of 48% 
(43). The authors contend that early valve replacement is critical to prevent aortic ectasia. If the 
ascending aorta is contiguously involvcd, complete replaccment using a composite graft with 
reimplantation of the coronary arteries should be considered, since isolated valve replacement 
may increase the risk of aortic root aneurysm and secondary prosthesis dehiscence (43). Although 
there are no controlled studies of the utility of MRI in RP aortitis, we recommend this technique 
for detection and evaluation of aortic disease (see Fig. 3). Cornpiicatioiis following cardiac sur- 
gery include the usual limitations of surgical intervention and possible effects of inflammation in 
producing paravalvular prosthetic leaks and new aneurysms (52). 

When RP is associated with vasculitis, the treatment should be tailored to whether critical 
organs are involved, rate of progression, and prognosis for the specific catcgory of vasculitis. Pa- 
tients are empirically treated with a combination of a second-line agent and GCs if vasculitis af- 
fects niajor organs such as heart, lungs, gut, kidney, and CNS. Pulse intravenous CYC or oral 
CYC plus GCs have been successfully employed to treat RP with ncphritis (1 13,114). In reports 
of individual patients so treated, improvement in creatinine clearance, serum creatinine, and 24- 
h protein excretion occurred. Similar results were obtained when plasmapheresis was combined 
to the above regimen in one patient (1 15). In another report of two patients, one patient had im- 
provement in glomerular filtration rate (GFR) and proteinuria, and another died of uremia when 
treated with AZA and CCs (116). One cannot make firm recommendations based on these data, 
but in patients with progressive renal impairment secondary to crcscentic GN in RP, we favor the 
use of a second agent, such as CYC. 

VIII. COURSE AND PROGNOSIS 

The S- and 10-year survival from a Mayo Clinic series of 112 patients with RP was 74% and 55%, 
respectively (5). The median duration of follow-up was 6 years (range, 1 month to 20 years). Dur- 
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ing the period of observatioii~ 86% of patients had intermittei~t i n ~ ~ m ~ i ( ~ ~  ~anj~cstations, the 
median being five episodes (range, 1-13). Follow-up was available in 90% of patients. The most 
frequent causes of death, in dccrcasing order of frequency, were infection, systemic vasculi tis, 
and malignancy. Only 10% oE deaths were attributed lo acute airway collapse. When multivariate 
analysis was applied to the group as a whole, age at diagnosis ( p  <0.0001), anemia ( p  <0.0016), 
and l ~ r y n g ~ ~ a c h e a l  stricture (p ~0.005 1 } best predicted mortality. Other vtriables imparting high 
risk included renal ~ ~ o l v e m ~ n t  ( p  = 0.04), saddle-nose defoi~i ty  ( p  = 0.0 1 f, arth~i~is (17 = 0.041, 
and increased sedimentation rate (p = 0.02). Patients who had RP with systemic vasculitis had ;I 
5-year survival rate of only 45%, and died of causes related to vasculitis. 

IX. CONCLUSIONS 

Relapsing polychondritis is an uncommon, multisystem disease. The cardinal features include re- 
peated episodes of inflammation involving the ears, nose, or laryngotracheal cartilage. Muscu- 
loskeletal, ocular, renal, cardiac, CNS, and vascular involvement can occur at any time during the 
illness. Vasculitis occurs in about 30% of patients. Relapsing polychondritis can present with 
organ or life-threatening complications that involve the heart, kidney, CNS, and eyes. It niay be 
associated with various autoimmune disorders, such as SLE, Sjiigren’s syndrome, RA, myositis, 
and Behqet’s disaease. The diagnosis is based on clinical and, when feasible, histopathological 
features. There are no specific serological tests for RP. Treatment has been empirically derived. 
The mainstays of therapy are GCs and NSAIDs. Cytotoxic agents are reserved for more Severe 
features of disease. Newer therapies with monoclonal antibodies to CD4 cells havc been explorcd 
in a limited number of patients. A role of such interventions has not been defined. 
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4 
sculitis in Sarcoidosis 

Karen E. Rendt and Gary S. Hoffman 
Cleveland Clinic Foundation, Cleveland, Ohio 

Sarcoidosis is a muItisystem i n ~ a n i m a ~ o i ~  disease of  ow^^ etiology characterized by the 
for~a t ion  of n~)nc~sea t i~g  g ~ ~ ~ i l o m a s  in the lungs, lymph nodes, skin, eyes, and other organs 
(1.2). Since ihe etiology is not known, sarcoid is described in terns or  clinical and histological 
findings, which are not in actuality specific for the disease. For instance, the characteristic patho- 
logical finding is nonnccrolizing granuloma formation, but this may also be seen in berylliosis, 
primary biliary cirrhosis, Crohn's disease, and infections caused by mycobacteria (tuberculosis 
[TB], leprosy), fungi, or Trepnnemn ~ f f l L i ~ ~ ~ .  Other clues to the diagnosis include certain sys- 
temic features, suck as coI~stitution~1 symptoms, hilar adenopa~hy, e ~ t h e ~ a  nodosum, uve 
and spleno~iega~~.  While suggestive of the disease, none of these is pathognoInonic. Thus, cle- 
pending OJI the presenting r~~anj~cstations, diagnostic considerations may include infections (fun- 
gal, mycobacterial, etc.), other illnesses of unknown etiology ~rhcuniato~d lung, Wegener's gran- 
ulomatosis, Churg-Strauss gra~iulo~natosisj, and metastatic cancer. 

While the initiating stimulus for the development of sarcoid remains utiknown, some de- 
tails of the immunological response are well established. In involved tissue, increased numbers 
of CD4+ 'I' helper cells and monocytes/macrophages interact to produce cytokines (tumor necro- 
sis factor [TNFI, interferon-y [EN-)I], interleukin [ILI-I, IL-6) that stimulate giant cell and gran- 
uloma formation. CD8+ T suppressor cells are present in reduced numbers in the affected tissue, 
yet in the bloodstream the opposite is seen, resulting in suppressed delayed hypersensitivity re- 
sponses (3). This compartmentalization of iinmuiie reactivity, most striking in pulmonary tissues 
and regional lytnph nodes, suggests a host response to an inhaled antigen. Attempts to identify an 
infectious trigger have thus far been unsuccessful. Earlier theories that mycobacterial infection 
was responsible are refuted by the stable incidence of new sarcoid cases as the incidence of my- 
cobactcrial disease declines, and by the lack of response of sarcoid to aritituberculous therapy. To 
date, sophisticated molecular biological and culture techniques have failed to identify a consis- 
tent organism from biopsy specimens ( 4 3 .  However, the possibility that an infcctiaus triggcr ini- 
tiates what becomes an autonomous immunologically mediated chronic illness cannot be ruled 
out at this time. 

Sarcoid granulonias may occasionally undergo necrosis, a condition termed nccrotizing 
sarcoid (6,7j, and this finding may be associated with small-vessel vasculitis. Vasculitis may also 
affect medium and large arteries. In this chaptcr we discuss the clinical spectrum of vasculitis in 
sarcoidosis, as well as the diagno and treatment of this unusual complication. 
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II .  VASCULlTlS IN SARCOIDOSIS 

Vascular compromise in sarcoidosis may occur by two mechanisms: extrinsic compression of 
vessels from lymph node enlargement, or by direct extension into a vessel wall from an adjacent 
focus of inflammation (8-1 0). While pulmonary vascular involvement is well described (1 l), ex- 
trapulmonary vasculitis due LO sarcoid is rare, with fewer than 100 cases reported in the English 
language. Systemic vasculitis is indeed a heterogeneous complication of sarcoidosis. Small, 
medium, or large arteries can be involved. Adults and children are equally affected. Vascular dis- 
ease may occur months to years after an established diagnosis of sarcoid, or vasculitis can herald 
the onset of the disease. The manifestations range from cutaneous inflammation (leukocyloclas- 
tic vasculitis, nodules, papules) (12-20) to life-threatening or major organ system disease (aorti- 
tis, stenosis of large arteries, neurovascular disease, glomerulonephritis) (1 8,21-36). Thc rarity of 
sarcoid vasculitis has precluded conducting controlled trials of therapeutic agents. Consequently, 
recommendations for treatment have been empirically derived. Corticosteroids have been utilized 
in moderate to high doses when clinically significant vascular disease has been present. In many 
cases, the dose needed to control disease activity may be unacceptably high, leading to the addi- 
tion of cytotoxic drugs. 

A. S ~ a ~ ~ - V ~ ~ s e l  Vasculitis 

Cutaneous lesions are the most conmon mani~estation of small-vessel vascditis in sarcoid. A 
wide variety of skin tcsions occur, including erythema nodosum, scar infiltration, p a l p a b ~ ~  pur- 
pura, tender papules and nodules, bultous lesions, leg ulceration, and annular or polycyclic cry- 
thematous rashes (Fig. 1). The number of reported cases of cutaneous vasculitis associated with 
sarcoid i s  difficult to determine accurately, but is probably around 32 (30 adults, 2 children), with 
an additional nine possible cases (all children) reported in which typical skin lesions appeared 
(but were not biopsied) in patients with sarcoid who had histologically or angiographically 
proven vasculitis in noncutaneous locations. Takemura et al. (19) described the pathological find- 
ings of skin biopsies taken from 32 patients with sarcoid and skin abnormalities. Some patients 
had multiple biopsies. Forty-two biopsies were abnormal. Patients most often had chronic skin 
lesions, described as being nodular, p l a ~ u e - l j ~ ~ ,  of subcutaiieous. Only one patient had scar in- 
~ l t ~ a t ~ o n  and three had ~ r y ~ e ~ a  nodosum. The authors point out, hitwevcr, that erythema no- 
dosuni is an ~~ncommur~ maiiifes~tion of sarcojd in the Japanese popula~ou. In 39 of 42 speci- 

Figure 1 Chronic plaque-like rashes from 5arcoid vasculitis. 
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mens, biopsies revealed granulomas, usually in close proximity to venules, Granulomas were lo- 
calized to the dermis in 60% of specimens. lo the subcutis in 30%, and occupied both regions in 
10%. Dermal vessels were obliterated by granulomas in some cases, and 12 specimens (30%) 
demonstrated granulomatous angiitis. Venous involvement by granulomas was secn in 1 2 speci- 
niens, with one specimen exhibiting both arterial and venous diseasc. Thus, 22 specimens demon- 
strated sarcoid-related vascular injury of an arterial or venous type. The report does not indicate 
the nuniber of unique patients with sarcoid vasculitis (19). 

Others have reported the prcsence of leukocytoclastic vasculitis (LCV) in lesions described 
as aniiular or polycyclic e~thematous rashes (20) and palpable purpura f 16). Leukocytoclastic 
vasculitis has also been demonstrated in a patient with nodules, purpura, and bullous lesions (17). 
Cecchi and Gionii (20) found only kwo other patients in the literature with a similar presentation 
of annular lesions associated with LCV: both resolved spontaneously and Cecchi’s patient im- 
proved when glucocorticoids were provided for other manifestations related to sarcoid. As illus- 
trated by these reports, cutaneous vasculitis may be an early or later manifes~a~ion of sarcoid, may 
resolve spontaneously without treatment, or may improve following treatment with nonsteroidal 
agents or glucocorticoid therapy. 

Small-vessel vasculitis may also occur in the lungs. Here, vasculitis has becn associated 
with nccrotizing sarcoid granulomatosis (NSG), an unusual variant of sarcoid characterized his- 
tologically by iiecrotizing granulonias with vasculitis of small and larger aiuscular pulmonary ar- 
teries and veins (Fig. 2) (2 l ,371. The vasculitis of NSG may follow three patterns: (1) necrotiz- 
ing granulomas within the vessel wall, (2) giant cell infiltrates asscrciated with rupture of internal 
or external elastic lamina (JS), or (3) chronic lymphocytic infiltration. Distinguishing NSG from 
classic sarcoid is the presence of coagulation necrosis, though this may range in severity from 
being localized within the granulomas, to affecting large areas o€ the pulmonary parenchyma, cre- 
ating an infarct-like appearance (37-39). In addition, hilar adenopathy is reported inflrequently in 
NSG as compared with classic sarcoid. Cavitation of parenchymal nodules favors the diagnosis 
of NSG over sarcoid. Originally regarded as a finding limited lo pulmonary sarcoid (6,7,38), NSG 
has also been documented in the trachea, lymph nodes, liver, and bone (21). Patients with NSG 
have also exhibitcd evidence of extrapmlmonary disease aEecting the central nervous system. 

Figure 2 Nccrotizmg sacoid granulomata from lung biopsy. 
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eyes, and spleen (14,21,39-4 1 ). Prognosis of NSCr is variable: Tauber (42) reported a case of put- 
monary NSG which resolved completely without therapy, consistent with early literature that sug- 
gested a benign outcome for this condition (6,37), On the other hand, Fernandes et al. (21) de- 
scribed three pediatric patients with NSC and multisystem disease who were treated with 
glucocorticoids in conjunction with either methotrexate or cyclophosph<mide. None achieved 
complete remission. 

Sarcoid synovial ixzvoivement may include small vessel vasculitis associated with granulo- 
mas or giant cells (21). However, most arthritis associated with sarcoid is not due to under~ying 
vasculitis. 

Finally, another manifestation of sarcoid small-vessel vasculitis was found in a 19-year-old 
inale with a &year history of sarcoid who developed renal insufficiency due to focal segmental 
crescentic glo~neru~oncphri~~s. He is also one of the adults mentioned above who developed syn- 
ovitis related to small vessel vasculitis (21). 

B, Large- and Medium-Vessel Vasculitis 

The first report 0 1  large-vessel vasculitis complicating sarcoid was in 1959, in an adult female 
with g ~ ~ u l o m a t ~ u s  vasculitis involving the pulmonary and mesenteric arteries (22). In suhse- 
quetit years there have been I8 additional cases in the English literature, i n c l u ~ n ~  8 children and 
1 0  adults. An additional case (Table 1, case 6). previously unreported, is included in this chapter. 
These 20 cases have had involvement of diverse structures, including the aorta, pulmonary, in- 
nominate, c o m o n  and external carotid, subclavian, brachial, radial, ulnar. coronary, renal, rnes- 
enteric, splenic. and iliac arteries (21-34) (see Table 1) .  In the absence of evidence that clearly 
supports khc diagnosis of sarcoidosis, these cases are easily c o n k e d  with T~ayasu’s  arteritis. fn 
older patients with large-vessel disease, the differential diagnosis includes giant cell (temporal) 
arteritis. 

Aortitis may appear in the form of wall thickening, stenosis, aneurysm formation, andlor 
dissection (Fig. 3a and bj. The ages of nine patients with sarcoid aoxlitis ranged from 7-56 years. 
Five of these nine cases were young patienls, 7-19 years of age. The racial d i s ~ i b u ~ o n  of aorti- 
tis cases was disproportionately skewed toward African-Ame~cans (4 of 9) and Asians (3 of 9). 
Six deaths due to aortic disease occurred; one survivor underwent aneurysm repair (33), and an- 
other had repair of an aortic dissection (21). Aortic disease was associated with inflammation in 
other large vessels in five of these patients, including involvement of the pu~monary, subclavian, 
coronary, renal, and/or iliac arteries (Fig. 36 and d). Histologically, the aortic specimens revealed 
~ r a i i ~ ~ l ~ n i a ~ ( ~ u s  arteritis. 

In the 1 I patients without aortitis, large- or medium-caliber vasculitis developed in 
branches of the aorta both above and below the diaphragm, as well as in pulmonary, brachial, ra- 
dial, ulnar, and popliteal arteries (Fig. 4). Mortality rale in these patients was not as high (18%) 
as in the patients with aortitis (67%). Morbidities inciuded renal failure (34), digital ischemia 
(29), and bilateral leg amputation and stroke (28). Interestingly, considering this small cohort, a 
family was identified (30) in which the index case and her maternal aunt both experienced large- 
vessel vascutitis in the setting of sarcoid. The index case (age 2) experienced malignant hyper- 
tension with splenic, renal, and iliac artery stenoses. Her aunt had granulomatous aortitis and died 
at age 24 of a cardiac arrest. 

Among the 20 cases with sarcoid large-vessel disease, claudication in the arms or legs was 
common <and often led to the discovery of vasculas disease. Abdominal pain was due to mesen- 
teric arteritis in one case [22) and to dissection of the aorta in a second case (25). Hypertension 
occurred in seven cases (five children, two adults) and was associated with renal artery stenosis 
in three instances (see Table 1). Renal arteriography was not performed in three cases. Carotidy- 



Table I Systemic Vasculitis in Sarcoidosis 

Sarcoidosis Vascular Disease 

Age Age Treatmenu 
at Sex/ at Vascular follow-up 

Case Reference onset race Clinical features onset Clinical features histopathology Arteiiography (Y') Outconie 

31 8 mo F/C Arthritis, uveitis, erythema- 
tous rash, hypertension 

29 5 ma F/C Lymph node involvement, 
fever, rash, foot drop, he- 
patosplenomegaly, digi- 
tal ischemia 

pericarckial effusion, ery- 
thematous rash, hyper- 
tension 

uveitis with blindness, 
papular rash, seizures, 
hypertension, pulmonary 
involvement 

34 1 yr F/O Arthritis, iridocyclitis, 
papules, hypertension, 
leg infarction, lym- 
phadenopathy 

FIAA Fever, erythema nodosum, 
hilar adenopathy, 1LD/ 
pneumonitis, iridacycli- 
tis, periostitis, conjuncti- 
val injection, adralgias 

21 3 yr F/AA Cervical adenopathy, fever, 
maculopapular rash poly- 
arthriti s/deformities, an- 
terior bilateral uveitis 

30 8 mo F/C Arthritis, iritis, seizures, 

15 9 mo W C  Arthritis. deformities, 

2 yr 

4 yr Hypertension ND 

5 mo Digital ischemia LCV (skin) 

S yr Malignant hypertension ND 

10 yr Hypertension Aorta (GV) 

4 yr Hypertension 

15 yr New pulmonary infiltrates, Pulmonary vas- 
R carotid bruit, R culitis 
femoral bruit, diminished 
L femoral pulse 

12 yr Carotidynia, radial and ND 
carotid pulses, cardiac 
murmurs, absenl BP L 
arm 

Renal artery iS  j, su- 
perior mesenteric 
artery (S) 

ND 

Renal arteries (S), 
iliac arteries (S), 
splenic artery (S) 

ND 

Renal artery (S), 
popliteal artery 
(GV) 

Aorta (S), L iliac 
tS1 

P, angioplasty/ Alive 
NS 

P, CP, MTX/ Alive, 
3.S yr asympto- 

matic 

P, CP/4 yr Alive 

P, CP, AZAlNS Died at age 
10 yr 

P/2 yr Alive at age 
24 yrs, 
with renal 
failure 

P, CP, MTX/ Alive 
4 yr 

R CCA (A), R P/5. 7 yr Alive at age 
ECA(A), innomi- 20, arthri- 
nate artery (A), L tis 
SCA (0) 



Table 1 (Continued) 

Sarcoidosis Vascular Disease 

Treatment/ Age Age 
at Sex/ at Vascular follow-up 

Case Reference onset race Clinical features onset Clinical features histopathology Artenography (Yfj Outcome 

8 32 

9 33 

10 30 

11 21 

12 26 

13 36 

3.5 yr F/AA Arthritis. uveitis, papular 
rash, carotidynia 

7 yr MIAA Iritis, leg pain, fever 

8 yr F/C Fever, intis, he- 
patomegaly, arthritis, 
hypertension, blind- 
ness, seizure 

erythema nodosum, 
Bell’s palsy 

13 yr MIAA Symmetric polyarthritis, 

19 yr F/O Fever, cough, profeinuria. 
pulmonary henior- 
rhage, lymph node in- 
volvement (crescentic 
GN?) 

29 yr F/NS Nodular myositis. weight 
loss, left arm pain 

11.5 yr Carotidynia 

7 Yr 

24 yr Hypertension 

19 yr Abdominal bruit, asym- 
metry of lower extrem- 
ity pulses and BP at 
age 19 

NS Pulnionary hemorrhage 

29 yr Diminished L radial 
pulse, 1. carotid bruit 

ND L carotid artery (S), P/12 yr 
L SCA (0)  

ND Aorta, myxoid de- Surgical repair, 
generation (A) PI3 yr 

Aorta(GV) ND PNS 

S y novium: Aorta (A). bilateral P, surgical re- 
small vessels RA(A) and IT@), pair for dis- 
aortitis L SCA(O), R sectionll .h 
FSGN SCA(0) Yr 

(GV) 
Aorta (GV), PA NoneNS 

ND L SCA(0). L P. AZM9 mas 
VA(O), L 
GC A( narrowed). 
SMA(0) 

Alive, 
asympto- 
matic 

asympto- 
matic 

Died at age 
24 years of 
cardiac ar- 
rest 

Alive at age 
22, some 
improve- 
ment 

Died after 2 
mo 

Alive, 

Alive. im- 
proved 
ann pain 



14 

15 

16 

17 

18 

19 

20 

28 

21 

23 

24 

22 

25 

27 

31 yr FiAA Pulnionary and LN in- NS 
volvement., fever, dys- 
p e a .  uveitis. erythema 
nodosum, stroke, hy- 
pertension 

adenopathy, bilateral 
iridocychtis, leuko- 
penia 

volvement, fever. 
cough, weight 105s. 
congestive heart failure 

volvement, palpitation, 
dyspnea, absent pe- 
ripheral pulse 

55 yr FNS Fever, arthritis, abdomi- NS 
nal pain, hypertension, 
renal impairment, 
asthma 

volvement, abdominal 
pain 

58 y F/NS Pulmonary and LN in- NS 
volvement. pulmonary 
hypertension 

31 yr F/AA Weight loss, hilar 31 yr 

5 1 yr MfAA Pulmonary and LN in- NS 

52 yr hiy0 Pulmonary and LN in- NS 

56 yr F/O Pulmonary and LN in- NS 

Hand and Feet gangrene. ND 
Hypertension 

Claudication of R arm, ND 
absent pulse and BP of 
R a m  

Aorta (Cv) 

Absent peripheral pulse Aorta, iliac, 
SCA, PA 
(GV) 

PA (GV), 
mesenteric 
arteries (GV) 

Aorta {CV), 
coronary and 
RA (GV) 

Pulmonary hypei-tension 

Brachial, radial and P, CP, IVIgf5 yr Remission, 
u l n a  arteries( S) legs ampu- 

tatedll3 yr 

R SCA (S), Pi5.S yrs Alive at age 
splenic (S) 36 stable 

.karta (T) NonelNS Died, 5 mo 

DiccV6 mo None/NS Aorta (A), B 
SCA(S) 

Died8 yr None/NS 

Aorta (T)(D) None/NS D i e d "  

Abbreviations: ND = not done, NS = not specified, C = Caucasian, AA = African-American, 0 = Oriental, L = left. R = right, CCA = common carotid artery, ECA = external cmotid xtery, SCA = 
subclavian artery, PA = pulmonary artery, RA = rend artery. I1 = iliac artery. NSG = necrotieing sarcoid granulnmatosis, GV = granulomatous vascnlitis, LN = lymph node, FSGN = focal seg- 
mental crescentic g~omer~one~~r i t i s .  BP = blood pressure, (A) = aneurysm. is) = stenosis. (0) =occlusion, r j  = thickening, (D) = dissection, P = prednisone, CP = cyclophosphamide, MTX = 
methowexate. 
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Figure 3 (a) Arteriogram showing stenosis of the abdominal aorta in a 15-year-old female with sarcoid 
vasculitis (case 6 from Table 1). (h) Arteriograrn showing an abdominal aortic aneurysm in a 13-year-old 
male with sarcnid vasculitis (case 1 1  from Table 1). (c) Arteriogram showing ~ c u r y s ~ s  of the distal aorta 
and iliac mleries (case I I from Table 1). (d) Arteriogram showing occlusion of the left and right subclavian 
arteries and thoracic aneurysm of the descending aorta (case I1 &om Table I ) ,  

nia occurred in two patients. Constitutional symptoms of fever or weight loss were common, seen 
in half the patients. The diagnosis of vasculitis in large-vessel disease cases was most often made 
on the basis of ~ e ~ ~ ~ r a p h i c  findings of stenosis and aneurysm forma~on. Direct histological ev- 
idence was infrequently available in the antemortern state. In recent years, magnetic resonance 
technology has enabled investigators to identify changes highly suggestive of large-vessel vas- 
culitis in B noninvasive manner (2 1,43). 

Review of the cascs of large-vessel vasculitis reveals a very poor prognosis unless aggres- 
sive therapy with corticoskroids is employed. Although the small numbers of well-studied cases 
precludes establishing definitive therapeutic recommendations, certain trends are apparent. UII- 
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figuri? 4 Af~er iog ra~  showing occlusion of the left subclavian artery and irregular fusifomi aneurysms 
of the right carotid, innominate and sLibcla~~iaii arteries (case 7 from 'Table 1)- 

treated systemic sarcoid vasculitis has a poor prognosis. Six of the eight deaths noted in Table 1 
occurred in pdeiits not treated with corticosteroids or cytotoxic agents. Of the 12 patients who 
received cortieostemids, two died. In some eases, ~ddjtion of a cytotoxic agent was followed by 
prolonged remission with a reduced r e ~ u ~ r e m e ~ ~ t  or no need for c o ~ c ~ s ~ e r ~ ~ i d s .  

While vasculitis is an ~ i n ~ o ~ ~ n ~ ~  c o ~ p l ~ ~ a t i o n  of sarcoid, it i s  probably more prevalent than re- 
ported in the literature. As it may have i~fe-threateniiig consequences, evaluation of the child or 
adult with sarcoid should include consideration of this entity. Small-vessel vascutitis presents 
most commonly as skin lesions, though other vascular beds may be affected. Larger vessel vas- 
ciilitis may present as limb cfaudication with physical findings of d~ini~iished or absent pulses, 
asymmetrical biood pressures, bizlits over the great vessels, or an aortic ~ e g u r ~ i ~ n t  musmur. 
Treatment with corticostefuids may be organ- and li fe-saving. 
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1. IN~RODUCTI~N 

Although the association between vasculitis and malignancy is rare3 a multitude of combinations 
of vasculitis and malignancies have been reported. Only a few qualify as true paraneoplastic man- 
ifestations. In order to be considered as a paraneoplastic syndrome, several criteria should be met. 
They include: temporal relationship, concordance, consistency, rarity, and unexpected frequency 
of association between the two cond~tions (1,2). Teinporal re~atjonship is met when both condi- 
tions start at about the same time; concordancc when both conditions follow a parallel course; and 
consistency when a delincd vasculitis is related to a specific malignancy. These paraneoplastic 
syndroines are often ~Incom~non but their co-(~ccu~ence is une~pectedly frequent. The only as- 
sociations that satisl‘y these criteria and that we would recognize as truly paraneoplastic are (1) 
hairy cell leukemia with small- and medium-sized-vessel systemic necrotizing vasculitis of the 
polymeritis nodosa group ( 3 4 ,  (2) pseudo-Raynaud’s p h e n o ~ e ~ o n  and sotid tumors, and (3) 
cryoglobulinemia type I or II and hematological malignancies. Table 1 summarizes lhese para- 
neoplastic syndromes with their vasculitic component and their concunent malignancies. 

Besides these better-known associatiom, several anecdotal associations have been reported 
and are sunmadzed in Tables 2 and 3, They include cutaneous and systemic small-vessel vas- 
culitis with several ~cmatol~gjcal mali~nancies and solid tumors (5-8) (see Table Z), and both 
systemic and limited medium-sized-vessel vasculitis (see Table 3) in association with either 
hematological or solid tumors. Non-hairy cell leukemias, Hodgkin’s and non-Hodgkin’s lynr- 
phoma, and multiple myeloma have a11 been reported with systemic necrotizing small- aiid 
medium-sized-vessel vasculitis. Solid tumors have very rdrely been reported in association with 
this vasculitis. 

Rare case reports of large-vessel vasculitis with hematological inaligtimcies (9-1 I)  or solid 
tumors (12) have recently been published (Table 4), but this remains controversial since retro- 
spective reviews of large cohorts have not con~rIned those results (13,141. This suggests either 
that the association is indeed quite rare or that the reported cases reprcsents random co-occur- 
rences, 

Th is  chapter first reviews the reported associations ofvasculitis and malignancies. The next 
section revicws the capacity for some vasculitides to produce a mass efTect that can mislead the 
best clinician to suspect a malignancy. We review those pseudo-tumors caused by systemic necro- 
tizing medium-sized-vessel vasculitis, such as Wegener’s granulomatosis, polyarterifis nodosa, or 
rheumatoid vasculitis, or by large-vessel vasculitis, such as giant cell arteritis (Table 5) .  In the 
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Table 1 Vasculitis as a Paraneoplastic Syndrome 

Vascul itis Malignaiic y References 

Necrotizing vasculitis of the polyarteri- 

Pseudo-Ray naud’s phenomenon Hemtological malignancies 

Hairy cell leukemia 
t is nodosa group 

Hodgkin’s disease 

Adenoc~cinoma of lung 
Adenocarcinorna of colon 
Adcnocarcinoma of unknown primary 

(pancreas or ovary) 
A ~ ~ i ~ { ~ p a ~ ~ i ~ l a r y  carcinoma of ovary 
H ypernephroma 
Epidcrrnuid c ~ c ~ i ~ u s t ~ ~ c e ~ ~ x  
Infiltrating anaplastic carcinoma of breast 
Anaptastic carcinoma of maxillary antrum 

Solid tumors 

2,4,28,42-64 

79 

78 
79 
79 

79 
79-8 1 
80 
80 
79 

Type I1 

Lymphoproliferative diseases 82 
Waldcnstriim macroglobul~neni~~i 
~ i ~ ~ t i p l e  myeloma 
Lymphoma 

Waldens~~m macroglobulincmia 
Multtple myeloma 
Chronic lymphocytic leukemia 
Hodgkin’s disease 
N o n - ~ ~ o d ~ k ~ n ’ s  lyntphotna 
Diffuse “histiocytic” lymphoma 
Mycosis funguides 
‘~n~~oimrnunobIastic lymphadenopathy 
Hairy cell leukemia 

Chronic myelocytic leukcnia 
P o l ~ c y t ~ e i n ~ a  Vera 
Myelofxbrosis 

Breast 83 
Seminonia 165 
Wepatocellular carcinoma 84 

Lymphuprolikrative diseases 82.84-86 

Myeloproliferativc diseases 83.87 

Solid tumors 

next section, we describe the rare rnafignancies with the capacity to directly invade blood vessels 
or indirectly injure them, resulting in a pseudo-vasculitis (Table 6). 

Two other unusual and lionspecific associations have been reported. They are so rare that 
they will be meiitioned here and not discussed further. They consist of palmar fasciitis and poly- 
arthritis (PFPA) seen rarely as an initial manifestation of a malignancy in the elderly. One case of 
PITA with ovarian carcinoma illustrates this syndrome ( 15). On h ~ s t o ~ a t ~ o ~ o g y ,  there is diffuse 
fibrosis with ~rol~feration of the connective tissue and vasculitis. Evidence of deposits of the third 
component of the complement (C3) and of immunoglobulin M in subcutaneous tissue and in the 
synovium may support this diagnosis. The other rare syndrome is that of hydroa vaccinifortne 
(UV) described by Rui~-~ald~}nado ct ai. (16). It presents as an edematous, scarring vasculitic 
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Table 2 Cutaneous, Localired, and Systemic SmaX1-Vessef 
Mtsculitis with Hematological Maligiiarrcies and Solid Tumors 

Review 
Heinatological malignancies 

Leukemia 
Acute myelon~onocytic leukemia 
Acute rnyeloid leukemia 
Chronic myelogenous Ieukcmia 
Hairy cell leukemia 
~ y c l o p ~ l ~ f e ~ d t i v e  disorders 
Peripheral T-cell lymphoma 
Hodgkin’s diseasc 
“Low-grade” f ymphoma 
Multiple rnycloma 

Solid tumors 
Adetiocarciaoma: 

Unkrrawn origin 
Ovary 
Prostate 

Stomach 
Liver 

Iang  

23-8,166 

24 
22,26 
25,27 
31,32 
28 
29 
30,33,167,168 
23.33 
24 
18,34,169 

23,38 
37’ 
3 3 3  
8,3 3,40,4 1 
36 
39 

panniculitis with erythema, vesicles, necrosis, and varicelliform scars on light-exposed skin. This 
cutaneous vasculitis seen in children is not associated with systemic symptoms. It is most often 
idiopathic, but severe forins of hydroa vaccinifonne have been described to subsequcntly evolve 
into aggressive non-Hodgkin’s lymphoma. 

We do not discuss hcre the malignancies that may arise as a complication of the treatment 
of a vasculitis with cytotoxic agents, such as cyclophosphamide ( 1  7-20) or azathioprine. Simi- 
larly, we do not discuss the vasculitis that may arise as a co~p l i c~ t ion  of a treatment for a spe- 
ciIic malignancy. This has been described with the use of interleukin-2 (21) or arabinoside-C (22). 
This chapter does not address either paraneoplastic syndromes related to coagulation abnormali- 
tics, such as migratory ~hrombophlebitis (Trousseau’s phenomenon) associated with some ade- 
nocarcinoma, disseminated intravascular coagulation seen with some malignancies, or direct vas- 
cular jn~l t ra t i~~n by a sotid tumour such as seen with disse~inated i n t r a ~ a s c ~ ~  c~cinoInatosis. 

In the reported associalions betwcen vasculitis and malignancy, all three groups of vasculitis as 
classified by vessel size are described. The group of sinail-vessel vasculitis is, however, the most 
frequent and it i s  associated with several hematological and solid organ malignacies. The 
~edium-s~zed- and large-vessel vasculilis are not so frequent and are almost entirely restricted to 
hematological malignancies. In this section, we discuss the associations between vasculitis and 
malignancy according to the vessel size of the vasculitic component. We discuss pseudo-Ray- 
naud’s p ~ ~ ~ ~ o ~ e n ~ ~ ~  and c r y ~ ~ ~ ~ o b ~ ~ l i ~ e m i a  with the m ~ d ~ ~ i ~ - v e s s e ~  ~ascu~it is  section since they 
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Table 3 Localized and Systemic Small- to Medium-Sized-Vessel Vasculitis with 
Hematological Malignancies and Solid Tumors 

Mafignmcy References 

Hairy cell Leukemia 
Other hematological malignancies 

“Lymphatic leukemia” 
Monocytic leukemia 
Chratiic m ~ ~ ~ Q ~ e ~ ~ u s  ~ e ~ e m ~ a  
Ly mp~oma 
Hodgkin’s disease 
Peripheral T-cell lymphoma 
I ~ y  I~phosarcom~ 
~ ~ l t i p € ~  myeloma 

Lymphoid malignancy and Kawasaki disease 
Solid tumors arid polyarteritis nodosa 

Gastric carcinoma 
Colon 

MeIanoma 

HIV infection, intraocular 33-cell lymphoma and retinal vasculitis 
T-cell lympho~~a and renal vasculitis 

Chomidal melanoma with retinal vasculitis 

Chronic myeloid leukemia 
Hodg~n’s disease 
Primary intracerebral iyinp~oma 

Solid tumors and allergic angiitis and g r a ~ u ~ o ~ a t o s i s  

Localized vasculitis and hematological malignancy 

Localized vasculitis and solid tumors 

Localized vasculitis/cerebral granulomatous angiitis 

Discussed in Table I 

88 
89 
32 
90 
91 
168 
91 
€ 8,9 1-92 
93 

94,95 
96 

97 

109 
110 

1 1 1  

46 
102-1 07 
108 

Table 4 
M ~ ~ g ~ a n c i e s  and Solid Tumors 

Malignancy References 

Hematological malignancies 

Systemic Large-Vessel Vasculitis with Hematological 

Acute m y e l o ~ e ~ o ~ s  leukemia 9 
Chronic Iymplio~y~ic leukemia I0 

Multiple myeloma 11 
Not specified 99 

Lung carcinoma 12 

B-cell lyniphoma 98 

Solid tumors 

Negative or noncon firmatory cohort studies 13,14,99 

most often involve vessels of that size. Finally, we ~ ~ ~ m ~ ~ e  at the end of this section thc rare 
cases of localized vasculitis associated with a malignancy. 

A. Small-Vessel Vasculitis 

Sm~l -vess~ l  v ~ c u l i ~ s  {see Table 2) could be l i ~ i ~ ~  to the skin or it could be a more diffuse 
process. The distinction between the two is often tenuous since most systemic processes present 
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Table 5 Vasculitis Mimicking Malignancies 

Vasculitis Site ~ n ~ s d ~ d ~ n o ~ e d  as cancer Rcfercnces 

Wegener's granulomatosis Breast 112-114 
Subdud, mcningeaX or base of the skull masses 115 
Eyc or orbit 1 1  4,116,117 
Lung 118 
Mcdjastinum 119 
P ~ ~ ~ ~ a ~ / s ~ e l ~ ~  mass 122 
Oropharynx and larynx I23 
Kidney I20,12 I 

Giant cell arteritis Breast 1 3 2,1%--129 
Polyaacritis nodosa Testes 13 1-1 34 

Breast 128.135 
Utenis and fiillopim tubes I36 
Bladder 137 

Rheumatoid vasculitis Soft-tissue tumor 138 

Table 6 Tumors ~ i n ~ c k ~ ~ i g  Vascutibs 

Mal~gn~ icy  Vstsculitis References - 
Myelonionocytic and monocytic leukemia Cutaneous leukemic vasculitis 139 
Hairy cell leukemia 28 
Intravascular lymphoma Unspecified vasculilis 140 

Cenhal nervous system vascukitis 143 
Temporal artcritis 144 
Whoneuritis multiplex 145 

Cutaneous poiy~erit is  nodosa 141 
Wegener's granulornarosis 142 

Cardiac myxoma Poiyarteritis nodosa 146-1j6,17O-X72 
Other 

Lympliomatoid granulomatosis Pulnionay g r ~ u ~ o m a t o i ~ s  vasculitis 161 
Mediastinal angioniatoid malignant Systcmic vasculitis 162 

fibrttus ~ i s t i o ~ y ~ o m a  
Plasma cell granuloma Wegener's granuloinatosis 163 
~ a l ~ g n a n ~  glioma Cerebral vasculi tis 164 

with palpable purpura and the diagnosis is often be based on a skin biopsy. The systemic compo- 
nent of s ~ ~ a ~ ~ - v ~ s s e l  vasculitis may not he apparent at the time of the diagnosis and may resolve 
with treatment. We therefore discuss below small-vessel vasculitis that often presents as cuta- 
neous vasculitis. 

Cutaneous vasculitis may precede the diagnosis of malignancy by weeks to months. It pre- 
sefits usually as palpable purpura. Persistent, unexplained cutaneous vasciilitis should rake thc 
possibility OF a malignancy, especially in adults over age 50 (5). The vasculitis could be necro- 
tizing (231, l ~ u k ~ ~ o ~ ~ ~ s ~ ~ ~  (5,7), or ~ ~ m p h o c y ~ i ~  (6). Schroeter et ale (23) found 4 of26 cases of 
biopsy-proven cutaneous necrotiting vasculitis to be associated with an underlying malignancy: 
two c a m  of Hodgkin's disease and two cases of a d e n o c ~ c i n ~ ~ a .  A literature review by fdaschirz 
et d. ( 5 )  concluded that cutaneous leukocytoclastic vasculitis presenting after the age of 50, coin- 
pared with before age 50, was more often associated with a malignancy. S i ~ i i l ~ l y ,  kssop (7) 
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found 3 of 69 cases of malignancy (one bronchial carcinoma and two lymphoproliferative inalig- 
nancies) in patients with leukocytoclastic vasculitis. Blanco et al. (8) studied 303 cases of cuta- 
neous vasculitis and reported no amxiation with a mdlignancy in J3 1 pediatric cases, while 4 of 
172 older adults presented with concomitant neoplasms (one megakaryocytic leukemia, two 
myclodysplastic syndromes, and one non-Hodgkin’s lymphoma). 

e~~atoIogical Malignancies 
Several ~~ematoiogical ~i~~iignancjes have been associated with different forms of small-vessel 
vasculitis. “Chronic leukemias” (24), acute myeloid leukemia (25), Hodgkin’s disease (23). non- 
Hodgkin lymphoma (24), and multiple myeloma have been associated with hypersensitivity lym- 
phocytic or urticaria1 vasculitis. Leucocytoclastic vasculitis has h e n  described with acute 
inyelornonocytic leukemia (26), acute myeloid leukemia (27), hairy cell leukemia (28), myelo- 
proliferative syndrome (29), and peripheral T-cell lymphoma (30). Henoch-Schonlein pur]lura is 
reported more frequentiy in association with solid tumors and it has only been reported once with 
a inultiple myeloma (18). 

Other cutaneous vasculitides without well-described histology are reported with chronic 
myelogenous leukemia (3 1,32). Vasculitis of the vasa n e i ~ o i ~ m  resulting in a peripheral neu- 
ropathy has been rarely associated with Hodgkin’s disea5e ( 3 3 ) .  

One case report of an unusual systemic vasculitis in association with inultiple myeloma is 
of interest. This vasculitis presented with gangrene, livedo reticularis, hypertension, renal failure, 
and small-bowel perforation due to small-vessel necrotizing vasculitis with crystalglobulin de- 
posits observed on the histological examination of the small vessels of the small bowel (34). 

2. ~~~i~ ‘I’umors 
The most common association between a small-vessel vasculitis and a solid tumor appears to be 
that of Henoch-SchGnlein purpura with prostate cancer (35). Henoch-SchGnkin purpura has also 
been reported with a stomach adenonia (36). Other associalions include that of leukocytoclastic 
vasculitis with ovarian (371, colon (3X), or liver cancer (39). Clinicat diagnosis of cutaneous vas- 
culitis has also been reported with small-cell neuroendocrinc carcinoma (40). Necrotizing cuta- 
neous vasciilitis with unspecified adenocarcinoma (23) and vascufitis of the vasa nervomm with 
prostate (33) or lung (33,41) carcinoma have also been rarely reported. 

1. ~ a ~ r y - ~ e l ~  Leukemia and Systemic Necrotizing Vasculitis 
One of the bcst known paraneoplastic vasculitides i s  that of  necrotizing medium-sized vessel vas- 
culitis seen in association with hairy-cell leukemia (2,4,28,42-64) (see Table 1) .  This vasculitis 
is clinically and ~istopathologic~ly i n d j s ~ j ~ ~ u i s ~ a b l e  from idiopathic p ~ ~ y ~ e r i t i s  nodosa, al- 
though it may present with some unusual features, such as involvement of the temporai (42,5235) 
or cerebral (56)  arteries, or of the peripheral vesscls (4). Two reviews of this topic, onc by this au- 
thor and others (2) in 1991, and one by Hasler et al. (28) in 1995 concur in their conclusions. 
Forty-two cases of vasculitis have been reported in association with hairy-cell leukemia (28). Of 
these, 18 would classify as the accepted paraneoplastic vasculitis of the palyarteritis nodosa 
(PAN) type (see Table 1) initially reported by Hughes et al. (4) in 1979. ~ e n t y - o n e  others are 
leukocytoclastic vasculitides of thc small vessels (28) (see Table 2). Anothcr four demonstrate di- 
rect infiltration of the blood vessels by hairy cells and could be considered as direct invasion of 
the vessel wall by tumor cells (see Table 6). 



This leukemia is an unusual chronic leukemia that was first described by Boiironcle et al. 
(65) in 1958 as a distinct entity and initially referred to as “leukemic reticulo-endotheliosis.” 
Shrek was the first to describe, in 1966, the “hairy” cclls that give their name to this leukemia (66). 
Hairy cell leukemia presents clinically with fatigue, fever, and frequent infections (43,67). Mas- 
sive splenomeg~y, occasional hep~to~r~egaly. and the absence of lymphadenopathy are pathog- 
nomonic. The male-to-female ratio is 4: 1. Laboratory studies show a moderate pancytopenia with 
a relative I ymphocytosis and the presence of characteristic circulating mononuclear cells with 
prominent cytopIasniic pro~ections. the so-callcd “hairy cells” (68). These cells are easily char- 
acterizcd by staining for tartrate-resistant acid phosphatase (69). The diagnosis is confirmed by 
bone marrow biopsy (70). The majority of patients with this nmlignancy have leukemic cells of a 
hairy cell of R-cell lineage, but T-cell types have also been reported (7 1). Other ~ a ~ ~ r a t o r y  ab- 
normalities have not been consistent, Besides the frequent observation of elevated immunoglob- 
ulin ievels (28), the presence of hepatitis 3 surface antigen has been found infrequently and there 
is no clear association with cryoglobulins. serum coinplement, rheumatoid factor, or antinuclear 
antibodies. 

The potyarteritis nodosa-like vasculitis appears to occur more frequently after the diagno- 
sis of the hairy cell leukemia, splenectoniy, andlor infection, while the leukocytoclastic vasculi- 
tis tcnds to develop before the leukemia. Five pathogenetic mechanisms could explain alone, or 
in combination, the co-occurrence of vasculitis with hairy-cell leukemia: (1) impairment of the 
clearance of immune complexes by altered motiocytes (72,731, (2) the production of antibodies 
by hairy cells, directed against endothelial cells, (3) increase in antibody production and circu- 
Wing immune complexes f74,75), {4) auloan~ibodies against hairy cells rnay cross-react with 
antigens on the surface of endothelid cells (55,761, and (5 )  hairy cells may invade vessel walls. 
No single theory has been sufficient to explain all reported cases and it is likely that more than 
one is operative in the development of the vascular i n~an i~~a t ion .  

The course of the leukemia will more often determine the outcome of these patients. Deaths 
occur more often duc to complications of leukemia, such as infection or exsanguination, rather 
than from vasculitis. Treatments for hairy cell leukemia include intcrferm, ~ n t o s t a t ~ n ,  ’?’-de- 
oxycoformycin, or chlorodeoxyadenosine and have been associated with concomitant remission 
of the leukemia and crf the vasculitis (64,771. 

aynaud’s Syndrome 
Atypical Raynaud’s phen~)nienon (see Table 1) has been described in association with solid tu- 
mors and lymphoproliferative malignancies (78-8 1). Raynaud’s phenomenon is atypical in this 
setting because it is accompanied by severe digital ischemia with cyanosis and gangrene rapidly 
after the onset of cold-induced b ~ a ~ c h ~ n g  ofthe distal phalanges of the fingers. The ~ a y n a u ~ s  is 
not typically triphasic and the blanching phase does not evolve into bluish and reddish phases, but 
rather into fixed ischemic lesions (78). Symptoms are almost exclusively present in the upper ex- 
tremities, with only one case having i~ivolvement of the feet (80). Ulee~ations develop rapidly 
after the onset oi  the ischemic symptoms and gangrene rnay lead to amputation. Half o f  the pa- 
tients described are nonsmokers and havc no other known risk factors for vaso-occlusive disease. 
The reported age range is 32-59 with a mean age of 5 1 . In afl cases, the pseudo-~aynaud’s phe- 
nomenon preceded thc diagnosis of malignancy. 

Malignancies that have been found as presenting with this rare paraneoplastic syndrome in- 
clude adeiiocarcinoi~a of the lung (78), anaplastic carcinoma of the left maxillary anmm (79), 
hypernephroma (79-8 l), adellocarcinoma of the colon (79), adenopapillary carcinoma of the 
ovary (79), metastatic adenocarcinoma (pancreas or ovary as primary) (79), Hodgkin’s disease 
1791, epidermoid carcinoma of the cervix (79), and in tilt rat in^ carcinoma of the breast (80). 
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Arterial angiograms (79,SO) have shown patent radial or ulnar arteries with occlusion of the 
distal digital arterics of the symptomatic fingers (80). This angiographic picture is reminiscent of 
Buerger’s disease but since half of the patients were nonsmokers, it is doub~ul  that this diagno- 
sis was the expfanation for these patients. Furthermore, several of the reporled patjents (78,80,8 I )  
improved following removal of the primary tumor, suggesting a cause-and-effect relationship be- 
tween the pseudo-Raynaud’s and the tumor. 

Cryo~lobuIins were found in two patients. In one patient, the level of c ~ o ~ ~ o b u ~ i n s  paral- 
leled the course of the vasculopathy. In both cases, removal of the primary tumor was followed 
by a decline in the cryoglobulin levels and improvement of the ischemic symptoms (78). 

3. ~ ~ Y o ~ I ~ b ~ l i R e ~ i a  
Types 1 and I1 cryoglobulinemia are more often and more specifically associated with malignan- 
cies than type Ul cryoglobulinemia (see Table 1). Type I cryoglobulinemia consists of tfie pro- 
duction of a monoclonal iinniuno~lobulin that is precipitable in cold (4°C) and produced by a ma- 
lignant cell line. It i s  associated with l~niphoproliferative diseases such as multiple myeloma, 
Waldenstrbm’s tnacroglobulinemia, and, rarely, with other lymphomas (82). 

Type XI cryoglobulinemia, or mixed cryoglobulinemia, results from the production of a 
monoclonal i ~munogl~bul in  with rheum~toid factor activity. This c~oglobulin with r~eurn~toid 
factor activity can be produced by lymphoproiiferative disorders such as multiple myeloma, 
Waldcnstrlirn’s macroglobulinemia, chronic lymphocytic leukemia, Hodgkin’s and non- 
Hdgkin’s lymphoma, diffuse “histiocytic” lymphoma, mycasis fungoides, ang~o~~munoblas~ic  
ly~phadenopa~hy, and hairy-cell leukemia (82-86). Other myeloproIiferative disorders, such as 
chronic myelocytic leukemia, pol ycythemia Vera, and myelofibrosis, can rarely produce type I1 
cryoglobulins (83,87). 

Types XI and EI c ~ o g l o b ~ l i n e ~ a  are variably present in paticnts with systemic autoim- 
mune, immune complex-mediated diseases (rheumatoid arthritis, systemic lupus e~~hematosus,  
Sjiigren’s syndrome, primary biliary cirrhosis) and a variety of infectious diseases (viral hepati- 
tis, Epshin-Barr virus, cytomegalovirus, endocarditis, and certain parasitic diseases). Type Ill 
~ ~ o g l o b u l i n s  are infrequeii~y found in association with ~ ~ ~ g n ~ c i e s  (less than 10% of cases). 

All three types of cryoglobul~n~mia have been described in patients with solid tumors, but 
this is extremely rare (82). Since types I and IT are the most likely to be associated with a treat- 
able ~ympho~~olife~ative disorder, it is importanl to characterize the clonality of cryoglobulins. In 
the presence of a monoclonal immunogiobi~l~, an ~nderly~ng mali~nant process should be 
sought. However, the routine search for a solid tumor in any type of cryoglobulinemia, especially 
type 121, does not appear justified (82). 

4. Other ~ e m a ~ o I o g i ~ a ~  ~ a l i g n a ~ c ~ e ~  
Medium-sized-vessel vasculitis has been reported in association wilh the following hemarologi- 
cal diagnoses (see Table 3): “lymphatic leukemia” (88), monocytic leukemia (X9), chronic my- 
e1og:enous le~kemia (32), lym~homas (go), Hodgkin’s disease (91 ), ~ ~ m p h o s a r c o ~ a  (911, and 
multiple myeloma (18,91,92). In children, two eases of lymphoid malignancies have been re- 
ported with Kawasaki disease (93). 

5.   or^ 
Reports of niedium-sized-vessel vasculitis with solid tumors (see Table 3)  are rare and limited to 
two cases of gastric tumor (94,95) (one adenoma and one carcinoma) and one case of anaplastic 
colon carcinoma (96). One unusual case of allergic angiitjs and granLilo~~atosi~, or ~hurg-S~rauss 
syndrome, has also been reported in association with malignant melanoma (97). 



Vasculitis and Malignancy 71 5 

C. Large-Vessel Vasculitis 

1. Hematological Malignancies 
Reports of the association between t e m ~ o r a l / ~ j ~ t  cell arteritis with henia~ologic~ n~alignancies 
(see Table 4) have been increasing in the last decade. Temporal ~~erit is/giant cell futeritis has 
been described with acute myclogenous leukemia (91, chronic lymphocytic leukemia (lo), mul- 
tiple myeloma (1 l),  and following chronic lymphocytic leukemia (98). The literature remains 
equivocal since large retrospective (I4,99) and prospective (13) cohort studies have failed to con- 
vincingly confirm this association. In retrospective studies, Bahlas et at. (99) found 4 of 249 cases 
of polymyalgia rheumaticdgiant cell arteritis to also have cancer and Mertens et al. (14) found 
12 of 1 1 1 cases of polymydgia rheumaticdgiant cell arteritis to have cancer, most of which oc- 
curred long before or after the diagnosis of polymyalgia rheumaticdgiant ccll arteritis. Mykle- 
bust and Gran ( I  3), in a pxospectivc cohort of 287 cases found only one case of c o n c o ~ ~ ~ a n t  ma- 
lignancy. Since giant cell arteritis is not uncommon in this older age group, who are at higher risk 
for cancer, it remains possible that the reported associations between large-vessel vasculitis and 
malignancy are fortuitous. 

One case of non-giant cell vasculitis of the vasa va~ortlm of the temporal artery has been 
reported in association with a ~~alignancy ( 100). 

2. Solid Tumors 
Only one concomi~ant case of adenocarcino~~~a of the lung has been reported in a ~ s ~ ~ a t i o n  with 
biopsy-proven giant cell/~emporal arteritis in a 45-year-old woman ( 1  2). She un~crwent resection 
of a lung mass and received steroid for the initial 6 months after the diagnosis of her vasculitis. 
She remained tumor- and vasculitis-free at her 36-month follow-up visit, and 30 months after 
stopping her steroids. 

D. Localized Vasculitis 

1. Hematological Malignancies 
Cerebral g ~ ~ ~ ~ ~ o r n a ~ o u s  angiitis is a rare primary vasculitis of the central nervous system that is 
characterized by peculiar clinical and histological characteristics first defined by Ci-avioto and 
Feigin ( 1  0 1 ). Localized cercbrdl granulomatous angiitis has been reported in association with 
chronic myeloid leukemia (46), Hodgkin’s disease (102-107), ‘and primary intracerebral lym- 
phoma (lo@, 

In one case of HIV infection with AIDS, a primary intraocular €%cell lymphoma was dc- 
scribed in association with retinal vasculitis (109). Another case of non-HTLV-I T-cell lymphoma 
in a 6-year-old child was associated with localized bilateral renal vasculitis (1 10). 

2, Sotid ~ m o r s  
Only one case is reported: choroidal melanoma with retinal vasculitis (1 1 I). 

Vasculitis of the medium-sized and large vessels can evolve into a conglomerate of inflammatory. 
tissue that may be mistaken for a mass. In atypical presentations such as these, the diagnosis of 
the malignancy is often made on the pat~iology specimen obtained from swgical resection oC the 
mass. In some cases, preopcrative biopsies could have avoided more radical surgery and/or tissue 
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ablation. ~egener’s  ~anuIomatosis is the single most frequent vasculitis associated with the de- 
velopmenl of pseudo-tumors. Giant cell arteritis, polymeritis nodosa, and rheuma~o~d vasculicis 
can also present as pseudo-tumors. 

T n  cases of vasculitis presenting as a breast or a testicular mass, the vascular inflammation 
may be restricted to the area or associated with systemic symptoms and generalized disease. If it 
i s  restricted to the area, surgical treatment will often cure the patients, When there i s  evidence of 
systemic disease or vasculitis elsewhere, the treatment may include steroids alone if it is a giant 
cell arteritjs, or in combinatjon with a cytotoxic agent if it i s  Wegener’s g~~ulomatos is  or poly- 
arteritis nodosa. 

~ e g e n e r ~ ~  Granulomatosis 

This vasculitis has been associated with masses in the breast (1 12-1 14), subdural space, 
meninges aad base of the skull (115), eye and its orbit (114,11~,117~, lung { 118), mediastinu~ 
( I  19), kidney (t20,121), pituitary gland (122), and ~ ~ r o p h a ~ n x  and larynx (123). In one case, the 
breast mass presented in a man ( 1  13). Another breast mass developed concomitantIy with a 
pseudo-tumor of the orbit ( I  14). 

iant Cell Arteritis 

Breast masses have been reported infrequently in association with either systemic or locafized 
I n ~ i i f e s t ~ ~ ~ ~ o n s  of giant cell artcritis (1 12,124-1 30). An early diagnosis may prevent an unneces- 
sary mastectomy. The histological material must be examined carefklly, however, since carci- 
noma of the breast has been reported to coexist with necrotizing meritis of the breast and tem- 
poral arteritis (127,129). Management of giant cell arteritis of the breast is the same as that of 
temporal arteritis. The prognosis is excellent, although exacerbation may be seen with prednisonc 
tapering (1 30). 

The organ most frequently affected by pseudo-tumors due to polyarteritis nodosa has been the 
testes ( 1  3 1-1 34). Testicular polymeritis nodosa may be a localized process without systemic dis- 
ease. Presurgical biopsies could have prevented unilateral orchiectomy in some patients (133, 
134). 

Other pse~~do-tumo~s related to polyarteritis nodosa have been reported in the breast 
(112,I35), uterus and fallopian tribes (136), and bladder (137). This last case of bladder vaseuli- 
tis was associated with HTV disease and hepatitis B infection. 

heumatoid Vasculitis 

Rheumatoid vasculitis may resemble pol yaeritis nodosa and a rheumatoid arteritis of striated 
muscles has been described once as n ~ ~ ~ ~ n g  a soft-tissue tumor ( 1  38’). 

In conclusion, pseudo-tu~ors can be a consequence of sniall-, m e d ~ u n ~ - s i ~ ~ ~ - ,  or large-ves- 
sel vasculitis. They may be localized or a manifestation of a systemic process. Presurgical biop- 
sies may prevent surgical resection of the organ. In nonsurgical localized processes and in sys- 
temic diseasc, conventional treatment for vasculitis will induce a resorption of the pseudo-tumor. 

Just as vasculitis can masquerade as a neoplasm, some malignancies c m  initially be misdiag- 
nosed as vasculitis (see Table 6). Specific hematological malignancies and a benign tumor, atrial 



myxoma, contribute lo the large majority of reported cases. This section does not address para- 
neoplastic synd~oi~es  related to coagulation abnormalit~es, m i g r a t o ~  thrombophleb~t~s 
(Trousseau’s phenomenon), disseminated intravascular coagulation, direct vascular infiltration by 
a solid minor, or disseminated intravascn~~ carcinonratosis. 

The term “leukemic vasculitis” has even been proposed to describe the cutaneous vasculitis seen 
on occasion with ~~ye~omonocytic and rnonocytic leukemia ( 1  39). Six cases of vasculitis accom- 
panying leukemia cutis have been reported. The severity of the vasculitis varies &om mild mi- 
crovascular injury to a necrotizing arreritis. Most often, leukemic i n f i ~ t ~ ~ t ~ o n  of the dermal blood 
vessels is observed on histology. The vascular injury, thereforc, does not appear to be from reac- 
tive inflamn?ation, but i s  mediated by leukemic blasts. 

Similarly, of the 43 cases of hairy cell leukemia discussed above, four have been associated 
with the inliltration of the vessel wall by hairy cells (28). 

~~~~~ 

Inkavascular lymphomas can mimic vasculitis (140) such as cutaneous (141) or systemic poly- 
arteritis nodosa, Wegener’s granulomatosis (142), central nervous system vasculitis ( I  43), tem- 
poral arteritis (1441, or ~ o n o n e u ~ t j s  multiplex (145). The diagnosis of these lym~hon~as can be 
challenging, and a definite diagnosis has too often been made at autopsy. Indeed, clinical mani- 
festations of intravascu~ar lyinphomas arise from an occlusive angiopat~y that may well resem- 
ble the clinical manifestations of systemic vasculitis. Treating these lyinphomas as systemic vis- 
culitis may slow the course and mask the lympliomatous vascular infiltrates until the malignancy 
is too far advanced to be effectively treated. Since these lymphomas require treatment that differs 
from that ofvasculitis, one should always keep in mind that a definite diagnosis of vasculitis must 
be based on obtaining involved tissue and observing vascular wall in~ammati~~n.  As much as pos- 
sible, the specimen should be obtained before, or as early as possible after, the introduction of 
steroids. Even in idea1 conditions, the pathologist and the treating  physic^^^ should keep a very 
high level of suspicion since the lymphomatous infltralc can easily he mistakcn for the leukocytic 
infiltratc seen in vasculitis. 

. Cardiac ~ y x o ~ a  

Cardiac myxomas are slow-growing benign iniracavitary tumors that may embolize systemically 
(146,147). Left atrial, or more rarely ventricular, m y x o ~ a s  can cause a syndrome indistingiiish- 
able from polyarteritis nodosa (1 46-1561, Thc clinical and angiographic picture may suggest 
I~iedium-s~ed-vessel vasculitis. Although present in the vessef. as the cause of the vascular lesion, 
embolized rnyxomatous material may be difficult to obtain. A cardiac echocwdiograrn, since it i s  
an easy noninvasive test with a high yield for myxoma (146-1491, should be considered as part 
of the evaluation of atypical forms of vasculitis that lack characteristic features (e.g., Cbwg- 
Strauss, Wegener’s granulomatosis, Henoch-SchBnlein purpura, BehGei’s syndrome, etc.}. 

The clinical triad that should lead to a high suspicion of myxonia is (1) c ~ d i o ~ u l n i o n a ~  
symptoms, (2) constitutional symptoms, and ( 3 )  embolic phenomena (148). Cardiac symptoms, 
however, may be subtle, vary over l h c ,  and may be missed clinically ( 147). Several cases have 
only been diagnosed at autopsy (149,152). The most common findings on cardiac examination 
are those of outflow obstruction fmitraf vaive murmur suggesting initral stelzosis that may change 
with position) (1 46,150) and pulmonary hypertension (147). 
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Nonspecific constilutional symptoms, such as fever, fatigue, and weight loss, itre often ac- 
companied by laboratory abnormalities, such as an elevated scdimcntation rate, anemia, and 
serum hypergammaglobulinemia. Their cause in cardiac myxoma i s  unknown, but they may lead 
to a premature, incorrect diagnosis of systemic vasculitis (149). In one case, the left att<al myx- 
oma was discovered 31 months after the initial diagnosis of vasculitis (153). 

~ul t ip le  arterial emboli arc frequent in cardiac myxoma. They are scen in up lo 4S% of 
myxoinas arising from the left atrium (148,150,157-159). The embolized material can be platelet 
thrombi arising at the surface of the tumor or tumoral myxomatous material itself (1 49). As often 
from emboli originating from the left atrium, half of them will IocaliLe in the cerebral vessels 
(153,157) and angiography may confirm the presence of an embolus (150) or multiple cerebral 
aneu~sms  ( 146,148-1 52,3 60). More &en, the a n ~ o ~ a p h i c  picture will be nonspecific and may 
include ( 1 )  irregular filling defects in major or minor cerebral arterial branches, ( 2 )  fusiform and 
saccular aneurysms, (3) occlusion of vessels, and (4) delay in the passage of the contrast medium 
(151). 

Since the angiographic picture may be undistinguishable from that of polyarteritis nodosa, 
it is important to obtain tissue c o n ~ ~ a t i o n  of diagnosis whenever possible. Myxomatous mate- 
rial has been shown to invade the walls of affected blood vessels at the site of the aneurysms 
(148,15 1,152). ~ s t o p a t h o l o g ~ c ~  findings include (1) invasion of the endothelium, (2)  fragmen- 
tation of the elastic lamina with destruction of the normal vascular architecture and dilatation of 
the arterial lumen, and (3) intimal proliferation within the embolic myxoinatous tissue, giving rise 
to intravascula masses of varying size (14SJS2j. 

Differential diagnosis of cardiac myxoma includes bacterial or murantic endocarditis, rheu- 
matic heart disease, coronary artery disease, connective tissue disorders, and occult neoplasm or 
infection. An early diagnosis is important since it can lead to a curativc treatment by surgical ex- 
cision and the ~ r e v e n t i o ~  of devastating vascular complications or even death. 

D. Other Tumors 

Rare case reports of solid tumors mimicking vasculitis have been published. They include ( 1 )  a 
case of lymphomatoid granulomatosis mimicking a pulmonary granulomatous vasculitis (1 61 1, 
(2) rnediastinal angiomatoid malignant fibrous histiocytoma with aberrant production of inter- 
leukin-6 (11-6) and tumor necrosis factor (TNFj causing a clinical syndrome of severe systemic 
symptoms that was initially mistaken for sysrenlic vasculitis ( I  62), (3) plasma cell granuloma of 
the maxillary sinus mimicking Wegener's g r~uloma~os is  (163), and (4) rna1ign'~t glioma with 
Iepcomeningeal dissemination mimicking cerebral vasculitis (164). 

v. CONCLUSION 

True paraneoplastic vasculitides are rare and they include thc association of a small- and medium- 
sized-vessel necroti2ing vasculitis with hairy cell leukemia, p s ~ u d o - R a y n a ~ ~ ~  phenomen~n and 
digital gangrene with carcinoma, and type T and I1 cryoglobulinemia with lyrnphoproliferative 
malignancies. With some exceptions, vasculitides thought to be secondary to an antigen-antibody 
and complement interaction are more often seen with hemalological malignancies, while granu- 
lomatous vasculitides, thought to be secondary to a cellular immune dysfunction, are more fre- 
quently seen with solid tumors. In the workup of these diseases, one has to remain alert to the pos- 
sibility that vasculitis may mimic a neoplasm, and that, rarcly, a malignancy may mimic a 
vasculitis. 
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Vas c u I it i s 

Peter A. Merkel 
Boston University School of Medicine, Boston, Massacbusefts 

A wide variety of drugs from many different pharmaceutical classes have been associated with 
the ~ e v e l o p ~ e n ~  of vttsculitis (Table 1). These vasculitides range from cases of s e ~ f - l i m ~ t ~ ~  fcilko- 
cybclastic VascLxlitis to reports of chronic, life-threatening, systemic necrotizing vasculitis. How- 
ever, due to problems with classification of drug-induced vasculitis (DIV) and the inherent diffi- 
culty in proving causality between particular agents and specific adverse drug reactions, the 
quality o€ supporting evidence for drugs that cause vasculitis vary from data from large clinical 
trials to animal models of disease to individual case reports. This chapter describes the cfinical 
and pa~hological spectrum of vasculitides putatively ascribed to adversc drug reactions and out- 
lines the evidence supporting these associations. 

The nornerxclature of DIV is confusing and sterns from the proposals of many scientists in the 
early part of the twentieth century that some forms of vascul result from an “allcrgic” or ‘$hy- 
persensitive” reaction to n(~ninfe~ti~)us antigens (1). Building upon earlier o b s e ~ a t ~ ~ ~ s  as well as 
their own large case series, Zeek et al. ( I  .2) at the University of Cincinnati proposed a ctassifica- 
tion system for thc “nccrotizing angiitides.” This system describes five types of vasculitis with 
overlapping clinical and pathological findings. “ZIypersensitivity vasculi tis” was defined as a re- 
sponse to “. . . serum, sulfonamides, drugs, ek”  affecting small vessels and usually lasting less 
than I month. 

While Zeek”s classification system was a ~ i i d ~ e i ~ t a l  advance in the study of inflama- 
tory vascular disease, thc term “hypersensitivity vasculitis” was broad enough to include such en- 
tities as serum sickness, the Arthus reaction, Henoch-Schonlein purpura, post-streptococcal vas- 
culitis, and malignaiicy-associated vasculitis, as well as DIV. Thus, “hypersensitivity vasculitis” 
describes a group of vasct~litidcs rather than any one specific entity and is an inappropriate term 
to apply to all dmg-induced vasculitides. While the 1990 Ainerican College of Rheumatology 
(ACR) criteria for the classification of vasculitides included a separate delinition for “hypersen- 
sitivity vasculitis,” these criteria were not exclusive to drug-induced cases of small-vessel disease 
(3). Furthermore, the ACR critefia were only 71% sensitive and 84% specific for the diagnosis of 
“hypersei~sitivity vasculitis.” Thus, misclassi~cati~~n i s  common, even among experts in the di- 
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Table 1 Drugs Associated with Vasculitis’ 

A n ~ m i c r o b ~ a l ~  
Anlibacierials 

Chltxamphenicol 
Clindamycin 
Geii~~iiiciii 
fstrniantt 
Macrolidesb 
~;enicillins/P-lactamsb 
Quinolonesh 
Rifampin 
SuIfonaniidesb 
Tetracycliiiesb 

Acyclovir 
Zidovudine 

Antifungals 
Griseofulvin 

Antivirals 

Vaccines 
Hepatitis A 
Hepatitis B 
Inffucnza 
Rubella 
PneumtGC)cCd 
Smallpox 

hnrithyroid agents 
Carhiirwole 
Methimtole 
Propy lthiouracil 

A~~iconvulsants/ 

Amiodarone 
Carhamazepine 
Pheny toin 
Procuinmide 
Quinidine 
Triniet hadinne 
Valprorc acid 

Antiarrhytbmics 

Diurctics 
Chlorfhalidone 
Furoseinide 
H y ~ ~ c h l o r o t h i i i ~ ~ ( ~ e  
Spironolactone 

Other cardiovasmlar 
agents 

Accbutoloi 
Atenolol 

Diltiazcm 
Guanethidine 
Hydralazine 
Methyldopa 
~ i f ~ i p i n e  

Anticoagulants/ 

Captoprit 

thromholytics 
Heparin 
S t r e p ~ o ~ n a s e  
Warfarin 

Antincoplast~cs/ 

hllopurinol 
Araihioprine 
Busulfan 
Ciilorainbucil 
Colchicine 
Cyclophosphamide 
Levamisole 
Melphalan 
Methotrexate 
Retinoids 
Tamoxifen 

antimetabolites 

Hematopoietic growth 
factors 

G-CSF 
GM-CSI; 

Nonsteroidal antiinflatn- 
matories 

Acety~sali~y~ic arid 
Diclofenac 
Flurbiprofen 
Ibuprofen 
Indome thitcin 
Mefenamic acid 
Phenylbutazone 
Piroxicam 

Leukotriene inhibitors 
Montelukast 
Pranlukast 
Z a ~ r l ~ ~ ~ a s t  

~ s y c h o ~ o ~ ~ c  ageats 
Arnitriptyline 
Clozapine 
Diazepam 
Maprotiline 
Trazodone 

Sympathominictics 
Ephedrine 
M ~ ~ ~ a ~ ~ i p h e ~ a m i n c  
Pheiiy lpropanolanune 

Miscellaneoui drugs 
Brttniide 
Cimetidinc 
Cocaine 
C~ilo~ropamide 
Cromol y n 
Dextran 
Diphenhydramine 
d-Penicillaniine 
Gold 
Heroin 
Ioditiared contrast inedia 
Metformin 
Phenacetin 
Potassium iodide 
Quinine 
Sulfasalazine 
Terbutal ine 

This list was compiled from multiple sources and is not meant to be comprehensive for all drugs associated with vas- 
cuhtis. Tfie level of evidence for each agent causing vasculitis varies greatly and readers are advised to investigate any 
agent individually when making clinical decisions. 

%ore than one agent i r i  this p ~ i ~ ~ i a c o l o ~ i c a ~  class has been reported to cause DIV. 

agnosis and management of vasculitides. The recent Chapel Hill Consensus nomencfaturc does 
not use the term ~‘~ypersensitiv~ty’’ but rather “cutaneou~ Icuk(~cyto~1astic angiitis” (4). 

Term such as “serum sickiiess-like reactions” or “allergic vasculitis” are also too vague to 
be useful and imply unproven pathogencses. Semm sickness is a specific entity that shares Tea- 
tures with DIV bul the two should not be interchangeable. Serum sickness is only applicable to 
cases of immune complex reactions to foreign antigens in serum a d ~ ~ n i s ~ e r e d  for therapeutic pur- 
poses. 

“Leukocytoclastic vasculitis” (LCV) should not be used to imply a specific disease entity 
or cause, but rather is one of several histological descriptions of ~ n ~ ~ ~ n i n a t ~ ~ r ~  blood vesscl d a m  
age. “Cutaneous vasculitis” is also too vague to be useful since this term incorporates a wide 



range of disorders and is not exclusive to DIV, Cutaneous LCV most cornnionly presents as pal- 
pable purpura but also presents with urticaria, ulcers, erythematous plaques, or nodules (5-7). 
While LCV is the inajor histological finding in most cases of palpable purpura and is a conimon 
finding in DIV. il occurs in other settings, including virus-mediated vasculitis, Wegener’s granu- 
Ioi~atosis and other primary vasculitides, systemic lupus ei~themat~)sus, rheu~atoid arthritis, and 
other diseases f5,6). Furthermore, LCV is not the only or even the predominant pathology in DIV. 
Thus, a finding of LCV does not in itself prove that a patient is suffering from DIV. 

For the purposes of this chapter, DIV is defined as any type of inflammatory vascular dis- 
order caused by the adminis~r~tion of a p ~ ~ a c o ~ o g ~ c a 1  agent, This deiinition includes patho- 
logical entities deemed “allergic” or “hypersensitive” as well as otbcr histological types of vas- 
culitis, and excludes other entities that may have similar clinical ilnd pathological findings but 
different etiologies. As discussed later in this chapter, this differentiation of DIV from other types 
of vasculitis may have importanr implications for treatment and clinical management of patients, 

Precise and reliable estimates of the frequency of DIV are not established due to the difficulties 
posed by diagnostic ui ice~aj~i~y,  misclassi~cation. ~ i n d e r ~ e ~ r ~ i n g ,  and ~ethodo~~)gical  problems 
with research studies. Despite these concerns, it i s  apparent that DIV is fairly cornnion, especially 
among patients with disease limited to tlic skin. In the series of 807 patients with vasculitis 601- 
lected by the Amcrican College o f  Kheumatology committee on vasculitis classification, 89 
(1 1 .O%) were deemed drug induced (3). When limiting cases to cutaneous vasculitis, the preva- 
lence of drug-induced disease is even higher (8). 

A number of factors may lead to u n d e r e s ~ ~ a t i n ~  the prevalence of DIV. Many cases of 
self-limited cutaneous vasculitis are not reported lo administrative authorities as adverse drug 
events. Furthermore, unless a skin biopsy i s  performed, Crue vasciilitis may be underrecognized 
in many cases of drug eruptions (9). Estimates based on specialty clinic cohorts may underesti- 
mate DW prevalence. 

The demographic characteristics, including medical comorb~diti~s, of patients within 
whom DIV occurs do not seem to be different from those ofthe overall population of patients re- 
ceiving ~harmac~?therap}7. There is no age goup that is par~icLi~ar~y susceptible to DW, nor i s  
there a different incideiice between genders (7). 

The clinical presentation o f  DIV ranges from isolated skin or central nervous system disease to 
multiorgan i n v o ~ v ~ ~ e n ~  (Table 2) .  Many caqes of diffuse, ~ i f e - ~ h r c a ~ ~ n ~ n g  disease have heen re- 
ported. However, the true range o f  presentations may be milder than reported due to a likely bias 
toward publishing cases with more severe ctiscase. The literature regarding the cliilical features of 
UIV is of variable quality with individual case reports predominating. Larger case series exist but 
often involve a mix o f  drug-induced disease and idiopathic presentations of vasculitis. The evi- 
dence of causality for the drugs listed in reports i s  also highly variable. However, by combining 
case series and single case reports, a number of reviews of DIV have been compiled allowing re- 
liable p a t t e ~ s  of ~nvol~ement of the cliiiical i ~ ~ n i ~ e ~ ~ t ~ o n ~  to emerge t6 ,7 ,1~-1~~.  

Two sources of data on DIV are particufxly noteworthy. Haher et al. (7) summarized the 
clinical ma~~festat~ons of 100 cases of DIV collected from previously published case series and 
indiv~dua~ reports, including 30 cases from one source ( I  1). The American College of Rheuma- 
tology Subcommittee on Classilkation of Vasculilis (3) collected 93 cases of “hypersensitivity” 
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Table 2 Clinical Maiii~esta~ioiis of Drug-Induced VWulitis 

Dermatologic manifestations 
“Palpable purpura 
“Petechiae 
M a c ~ l o ~ d p u l ~ ~ r  lesions 
Ulcers 
Bullae 
Urticaria 
1,ivedo 
Digitd necrosis 

“Fever 
“Malaise 
‘“Arthfiilgias/arthritls 
My atgias/m yositm 

Visceral manifestations 
*Renal: g I ~ ) ~ ~ r ~ i l o n ~ p ~ i ~ ~ s ,  interstitial n e p ~ ~ r i ~ i s  
Lung: dveohr  hemorrhage, pleurisy 
Liver: hepatitis, hepatomegaly, hepatic granulomas 
Gastrointestinal: abdominal pain or bleeding, splenomegaly 
Central nervous system: stroke, hemorrhage, seizure? 
Peripheral iiervous system: mononeuritis multiplex 

“Peripheral blood eosinophi lia 
“Active uritlary sediment 
Elevated acute phase reactants (variable) 
Antineutrophil cyloplasrnic autoantibodies 

Cons~itutionalfmiscellaneous symptoms 

L , a ~ ~ r ~ t [ ~ ~  ii ndings 

vasculitis, of which 89 (96%) were associatcd with medications Pelt to be potential “precipitat- 
ing” factors for the vascufitis. The clinical descriptions of these cases, collected by i n ~ ~ s t i ~ a ~ o r s  
with particular interests in vasculitis, is valuable. 

. T i ~ ~ n g  of Clinical Manifestations 
The t h e  course of clinical I~anifestations of DIV is variable. There are three time intervals oi‘ in- 
terest in shidying DIV: ( I )  the interval between initial drug cxposurc and onset of vasculitis, (2)  
the interval between initial clinical manifestation and onset of other features, and ( 3 )  the interval 
between initial clinical feature and resolution of disease (after cessation of drug exposure and/or 
with treatment). Not all casc reports of DIV refer to these time intervals. 

The reported intervai from drug exposure to first clinical feature of vdsculitis ranges from 
1 day to many years. Most cases occur within a Sew weeks of drug exposure. However, a number 
of cases of drug-associated antineutrophit cytoplasmic antibody (ANCA)-positive vasculitis have 
been described in which the interval between drug exposure and disease onset was many months 
( 1  7). Signs and symptoms of disease may progress over days or weeks depending on the cxtent 
o f  disease, timing of drug dis&ont~nu~~tion~ and initiation of medical therapy. Most patients with 
isolated dermal vasculitis have abb~eviate~ courses of less than I monih. Patients with s~~s t~ rn ic  
disease are more likely to have manifestations for longer than 1 month (7). 
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Dermatological abno~na~~t ies  are by far the most common clinical iiianifestations of‘ DlV. Skin 
lesions may be the only features of DIV present or they may be found in combination with vis- 
ceral disease. Two der~atolog~cal fesioiis predominate: palpable purpura and macu~o~apu~ar  
rashes. These findings may be seen either atone or in combination in more titan 50% oE cases 
(3,7,11). Most cases of maculopapulitr lesions involve the lower extremities but they may also ap- 
pear on buttocks, upper extremities, or other areas. Whcn seen in DIV, purpura or petechiae arc 
also almost always found on the lower extremities but can also be seen in other areiis. There is 
usually a symmetrical distribution of purpuric lesions. Other skin findings less commonly occur- 
ring in DIV include urticaria, bullae, livcdo reticularis, and n o n s ~ c i ~ ~  erythcmd. Edema may be 
present as well, especially in the lower extremities. Many of these lesions can become confluent 
or progress to ulceration. Digital necrosis has also been noted in some cases of DIV. One regu- 
fnrly observed skin fcature of DIV is that the lesions all appear to be of the same ‘*age’’ or stage 
of development. 

It is important to realize that while the clinical appearances of the dermatological lesions of 
DIV dif%er, the histoIogy of each reveals “vasculitis.” These variable skin ~an~festations of DIV 
should caution physicians to avoid assuming vasculitis is only present with pui-pura. Similarly, all 
that appears to be “purpuri~’~ may not be vasculitis. 

C. E~tra~ut~neous ~ ~ n ~ f ~ s t a t i o n s  

Musculoskeletal signs and symptoms are common in cases of DIV. Both diffuse ~ ~ h ~ a ~ g i a s  and 
true arthritis (synovitis) occur. The arthritis is usually polyiulicular and may be migratory. Myal- 
gias are also common with inflammatory myositis and vasculitis, demonstrated by muscle biopsy, 
present in some cases. 

Central nervous system involvcmcnt in DIV has been reported For a number of drugs, both 
as part of a systemic vasculitis as well as in isolation. 

Visceral i~~vol~ement  i s  common in DIV and can be organ- or life-threatening. Renal dis- 
ease i s  the most cornmon visceral manifestation of DIV. Thirty-one of 70 cases (44%) of DIV 
compiled by IJaber et al. (7) and 12 of the 30 (40%) cases from Mullick et al. ( I  1) had some form 
of renal pathology. ~ l ~ m ~ ~ i l o n e ~ h ~ ~ i s  frequently occurred with active uriziary sedinient, ele- 
vated serum creatinine, and biopsies dentolistrating focal arid segniental disease. Patients with 
DIV and renal manifestations tend to have evidence of other internal orgCm involvement as well. 
Hepatic ~ n v o l v ~ m e ~ t  in DIV i s  also commo~i with 13 of 70 [ 19%) cases in the Haber et al. series 
and 15 of Mullick et aL’s 30 (50%) cases having hepatic abnormalities. Frank ascites and jaun- 
dice were rare bur elevated liver enzymes were common. In the few cases in which hepatic tissue 
was examined, the findings ranged l’rom i n ~ a r n ~ a t o i ~  cell i n ~ l ~ ~ i t e s  to hepatic necrosis. 

Other organs are also involved in DIV but with less frequency than skin, joints, kidneys, 
and liver. The nature of cardiac disease in DIV is not clear from the literature. Cardiac manifes- 
tations have been noted in 4-43% of cases (7,l I>. Other sites of involve men^ in DIV reptnlcd in- 
dude lungs, pancreas, and spleen, but the number of cases with these manifestations is too snialt 
to provide reliable dctails of pathology. 

D. ~ab~ratory  ind ding^ 

There are no laboratory tests that are diagnostic for DIV. Much of the diagnostic evaluation in pa- 
tients with suspected DlV is directed at finding causes of the vasculitis other than a drug. To a 
large extent, the finding of certain markers of disease, such as antinuclear antibodies, cryoglobu- 
fins, positive serologies for hepatitis B or C ,  or hyp(~co~plemcntem~a, all steer clinicians away 
from a diagnosis of DIV. 
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Fever and peripheral eosinophilia are common in DIV, especially in cases with internal 
organ involvement (7,211. In the series from Waber et al. (7), among cases limited to cutaneous 
disease, fever was present in only 22% and eosinophilia in 22% (only a few patients had both find- 
ings). In contrast, 70% of patients with systemic DIV had fever and 79% had cosinophilia. Ele- 
vated levels of acute phase reactants or detection of immune coniplexes may be seen in cases of 
DIV but are also not universally present. Organ-specific laboratory abnormalities are present in  
cases of systemic DIV. 

V. ~ ISTOPA~HOLO~Y 

The histopathology of DIV is variable, reflecting the multiple clinical manifestations of the dis- 
ease. The most common site for pathological examination in DJV is the skin since it is frequently 
involved and easily biopsied. Fur~herrnore, skin biopsies of purpura, macular lesions, or bullae 
are usually diagnostic for either vasculitis or another specific diagnosis. 

The histological findings in skin from patients with DIV include mononuclear (lympho- 
cytic) vasculitis, leukocytoclastic vasculitis, tissue eosinophilia, and various imunofluorescence 
patterns (5,9, I I .  i 2,18-23). ~ o n ~ n u c l e ~  vasculitis i s  the most c o m ~ ~ o n  ~ i s ~ o l o ~ i c a l  pdtkm in 
DIV. However, leukocytoclastic vasculitis and other patliologies are present in many cases. A 
“mixed” lymphocytic and leukocytic histology has also been described. It needs to be emphasized 
that neither mononuclear nor leukocytoclastic vasculitis is specific for DIV and that both can 
present with identically appearing pufpurzl or other skin lesions. In moiionuc~ear ~ l y m ~ h o c ~ t i c )  
vasculitis, mononuclear ceils predominate; however, eosinophils and polymorphoiiuclear cells 
may also be seen (5,ll). Leukocytoclastic vasculitis involves fibrinoid necrosis or small-caliber 
vessels with infiltration of neutrophils and monocytes, presence of nuclear debris (leukocytocla- 
sia), and e~t ra~;asa~i (~n  of e ~ t h r ( ~ y t e s  (5,191. 

Imunofluoresceiice staining of either mononuclear cells or neutrophit-dominant lesions 
of DIV often, but not always, reveals deposits of IgM and complement but not IgG (5,9,12,19). 
Some investigators believe that finding IgG deposits in vascufitis is evidence against a drug reac- 
tion. Different areas of biopsies are usually ail at the same stage or “age” at a giveri time. How- 
ever, in a given patient, serial biopsies at different times may yield a spectrum of histological pat- 
terns reflecting the evolving nature of the pathology, 

VI. DETERMINING CAUSALITY OF SPECIFIC DRUGS FOR VASCULITI~ 

There are many i ~ ~ p o r t a ~ t  reasons to both diagnose cases of DlV and identify the causative agents 
involved in individual cases. First, the putative agent can and should be discontinued. Second, 
treatment may differ from that of other types of vasculitis. Glucocorticoids ‘and/or immunosup- 
pressive agents, the mainstays of treatment for i d ~ o p a ~ i c  vasculitis, might not be initialed or only 
given in short cowses in patients with apparent drug-induced disease. Third, for individual pa- 
tients, prevention of future episodes of vasculitis may be achieved by avoiding usc of the previ- 
ously causative drug and perhaps avoidance of that class of medications. Rechdlenge is not ad- 
visable. Finally, the medicd commu~ty  and society as a whde also benefit from r e c o ~ ~ t j o ~  of 
potentially serious adverse drug reactions and, when feasible, prophylactic measures can be in- 
stituted. 

For many reasons, determining that specific drugs cause vasculitis is a difficult and usually 
imprecise process. Some of these dif~culties are c o m ~ o ~  to ~nves~iga~ions of any adverse drug 
reaction (ADR). Drug-induced vasculitis with any particular agent is rare and some of the drugs 



implicated are not commonly prescribed, making the likelihood of multiple cases available to a 
single investigator low. Many cases of possible DIV invoive patients taking multiple medjcat~on~ 
or substances, making isolation of the single responsible agent challenging. Precise information 
regarding time of drug exposure Is often surprisingly hard to elicit, especially in cases in which 
extended drug use occurred prior to the clinical onset of DIV. Accurate data regarding the tem- 
poral association between drug exposure, discontinuation, and clinical disease are essential in dc- 
termining causality for ADRs. 

Most of the infori~~ation on causality and DIV sterns from ~ d i v i d u a ~  case reports. Some 
data exist from observational cohorts. Cases of rechallenge with recurrent DlV arc helpful but un- 
usual. Among the best type of data for documenting ADRs are clinical trials that include both ac- 
tive medication and placebo groups. Adverse drug reactions are carefully documented in clinical 
trials. However, the number (&patients enrolled in premarketing studies of new therapeutic agents 
is low, resulting in underdetection of less common ADRs such as DZV. Postmarketing studies of 
new agents are not usually c o i ~ p r e ~ ~ i i s ~ v e .  

Guidelines have been developed to help clinicians and researchers faced with diagnosing 
potential ADRs (24-26). key (25) proposed six methods to link specific drugs with ADRs and 
outlined five categories for evaluating and rating episodes oEADRs (Table 3). Orher systems of 
classifying ADRs have similar approaches (24,26). 

Table 3 Liiikage of Drugs and Degrees oS Certainty for Assigning Causality in Drug-lnduced Vascnlitis 

METI’HODS TO LINK SPECFIC DRUGS WITH DIV 
- 

1. 

2, 
3. 

4. 

5. 

6. 

Exclusion of other agents 
Established by either temporal associations of agents to disease or review of medical literature on all 
agents 
ftechallenge ~wit l tdrawa~~ 
Rcc haUenge 
Generally not performed 
~ ~ n g u J ~ t y  of drug 
Exposure to only one dmg and no comorbidities explaining clinical findings 
Pttttern 
Clinical or pathological 
~uaiititatioIi of drug ievcl 
Although important in other types nf adverse drug reactions, this is usually not pertinent in cases of 
DW 

DEGREES OF CERTAINTY FOR CAUSALITY IN SINGLE CASES 
1 .  

2. 

3. 

4. 

5. 

Causative: Certainty of causdity estahlished in case. Evidence includes teniporal eligibility, drug sin- 
gularity, and a Ulorough evaluation exchiding other causes of D1V. lifeally, there is an oejective and re- 
prodocihle diagnostic test or proccclurc that is distinctive and specific [or ADR (may not yct exist for 
DIV) 
Probable: Category for cases highly consistent with DIV but lack the unique, objective evidence of 
certainty found in “causative-’ cases. 
Possible: Uncertain category where episode can be neither confirmed nor refuted as an ADR. Evi- 
dence and factors involved include temporal eligibility and clinicopathological findings that resemble 
previous reports. However, other causes of DIV are not fully excluded or there are no coniparable 
prior reports. Data may be incomplete or unavailable. 
Coincidental: DIV is initially diagnosed but subsequent evidence reveals another cause for the vas- 
culitis or no vasetilitis at all. 
Negative: Further cvidencc rcvcls DIV was never possible due to factors such as drug mislabeling, 
drug not actually administered, or teinporal eligibility impossible. 

Source: Adapted from Ref. 25. 
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Proposed here is an additional method of evaluating drugs for causality in DIV “quality of 
evidence.” This term refers to assessing the study design (if any), comprehensiveness, and fre- 
quency of reports in the medical literature for specific agents and DN. This method is outlined in 
Table 4. While there is considerable overlap in the concepts of degree of certainty and quality of 
evidence, the two are not fully equivalent but are highly complementary. Readers are encouraged 
to consider both types of evaluation when reading the medical literature and implicating a spe- 
cific agent as causing DIV. 

A great number of drugs from almost every pharmaceutical class and category have been cited as 
causat agents for DIV. Table I presented a partial list of those agents reported in the medical lit- 
erature to cause DIV. This list was compiled from a variety of sources and the degree of evidence 
[or causality ranges form poor to excellent (7,10,12,13,15-17,27-36). The list is organized by 
medical indication to demonstrate the variety of agents implicated in DIV. That many commonly 
used drugs are listed rnay reflect the greater absolute number of patients exposed to these agents 
rather thrm an increased i n ~ ~ d e ~ ~ e  of DIV. Furthe~nor~,  many cases of DIV likely go ~ n r e ~ r ~ e d  
in both the medical literature and to  regulatory agencies. Evidence of specific drugs causing DIV 
rnay reside with the drug’s manufacturer or government agencies. Assuming that virtually any 
drug or therapeutic agent can cause vasculitis is not an unreasonable initial approach for clini- 
cians to take when faced with a prmibte case t3f DIV. 

Rather thari provide details of each drug listed in Table 1, this section highlights several of 
the broad categories of agents linked to vasculitis that are particularly noteworthy and more re- 

Table 4 Q~tality of Evidence for Assigning Causality in ~ ~ ~ ~ - 1 I ~ d u c e d  Vasculitis 
__ ___ 

1. Excellent evidence: 
Prospective, controllcd trials or properly powcrcd case-control studies 
Animal models 
fitails of clinical and p a ~ o ~ o ~ j c a ~  evaluations provided, including biopsy tnakrial, arid temporal 

Exclusion of other diagnoses 
Ucscription of positive rechdlenges 
Preponderance of evidence from cithcr 

course 

Large I i u m ~ r  of cases 
or 
Number of cases that is out of proportion to prevalence of drug’s use 

2. Good evidence: 
Largc case series 
Case reports provide dctails of ciinicaf atid p a ~ ~ o l o ~ i c a ~  evaluations p r o v i ~ e ~  i n c l ~ i d j ~ ~  biopsy ma- 

terriaf, and temporal course 
Exclusion of other diagnoses 
Separate case reports are fairly consistent regarding pattern of discase 

r~~ividual case reports, preferably with clinical details, biopsies, temporal courses, and djagnoslic 

Exclusion of other diagnoses 

~ n ~ ~ i d u a l  case reports without clear clinical or temporal details 
Other diagnose., nut excluded 

3. Fair evidencc: 

cvaluations described 

4. Pvor evidence: 
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cently recognized. Additionally, this section emphasizes the quality of evidence that specific 
agcnts are causal for DIV. 

A. ~ n f i ~ i c r o b i a ~ $  

Most classes of antibacterial agcnts and an increasing number of antivird agents are linked to 
DIV (15). It is important in these cases for clinicians to attempt to distinguish between vasculitis 
as an ADR 17s. vasculitis as part of the underlying infection for which the antimicrobial i s  pre- 
scribed. A variety of infections can produce vasculitis or vasculitis-like lesions though either di- 
rect infection or immune complex formation and deposition as is seen in cases of siibacutc bac- 
terial endocasditis (see also Chapters 38-40). Furthermore, the appearance of vasculitis in 
patients being treated with antimicrobials for organisms not known to cause vasculitis should 
prompt both consideration of DIV as well as reevaluation of the underlying pathogen. 

B. ~ ~ ~ ~ ~ i ~ ~ t i o ~ s  

Vasculitis bas been reported to foflow a d ~ ~ i s ~ a ~ i o ~ ~  of various vaccines, i n c l u ~ ~ g  those for hep- 
A and 13, influenza, rubella, smallpox, telanus, and tuberculosis (1 5,3742). Cases associ- 

ated with influenza or hepatitis B in~muni~~~t ions  were the most comnion, with fewer than 20 
cases reported for each. Many o€ these cases involved systemic manifestations, including renal, 
retinal, and cercbraf vasculitis. The latency period between vaccine dose and clinical findings of 
vasculitis ranged from 2 days to several imnths, with a period of 7-31 days common. 

The quality of evidence of causality for these c ~ s e s  is only fair thus Pw. The ternporn1 rela- 
tionships, singularity of  drugs, evidence or vasculitis, and exclusion of other diagnoses were a11 
documented. However, these are mostly single case reports and the total number of worldwide 
vaccine recipients is very largc. None of the evidence of vaccines causing DIV sterns from large 
vaccine ef%cacy trials and rechatlenges were rarely pedormed. Nevertheless, the emerging liter- 
ature on vasculitis following immunizations i s  particularly fascinating given thc growing rccog- 
nition of the role of various microorganisms in vascwlitides. 

While programs worldwide to greatly expand the number of people given ~mrnuni~at i~) i~s  
will likely prevent far more disease and death than they will induce, the number of DIV cases sec- 
ondary to vaccination is also likely to increase if these associations we red. Whether a d ~ i n i s ~ a -  
tioii of specific vaccines could induce “flares” of certain vasculitides i s  not known. Until new and 
higher-~uality data are available i~garding any new risks to vaccination, the standard of care 
should remain to vaccinale all appropriate people, especially those who are or will become im- 
~ u n o c o m p r o i ~ s ~ d  (43). However, in cases of suspected D N  from a vaccine. rechalienge with 
subsequent doses of the same vaccine should be undertaken with great caution and is probably 
not advisable. 

C. ~ e r n a ~ o ~ o ~ ~ t i ~  Growth Factors 

Numerous reports have implicated both granulocyte colony-stimu~atirig factor (G-CSF) and gran- 
ulocyte-macrophage colony-stimulating factor (GM-CSF) as causes of DlV (44.53). Ia almost 
all of these eases, vasculitis was present only in the skin and resolved when the tirug was discon- 
tinued. When patients with neutropcnia are given these agents, the neutropliil count seem to be 
an important predictor of vasculitis: in general, patients who developed DIV did so if the growth 
factor was continued when their neutrophii count rose above XOO/rnid, The evidence for causal- 
ity is good to excellent in these reports with a large total number of cases, many arising from care- 
fully monitored treatment protocols where ~ r n ~ r a l i t ~  and drug singularity could be established. 
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Biopsies were performed and resolution occurred promptly with drug discontinuation. Even more 
convincing i s  that drug rechallenge regularly resulted in repeat episodes of vasculitis. 

That G-GSF and GM-CSF may cause DXV and other inflanimato~ conditions might con- 
cern clinicians considering using these agents in patients with vasculitides suffering neutropenia 
secondary to immunosuppressive therapy. There are reports of G-CSI: or GM-CSF use inducing 
flares of psoriasis, rheumatoid arthritis, and lupus (52). Additionally, both of these agents also can 
cause Sweet’s s y n ~ o m e  (54-S9) or pyoderma gaiigrcnosum (59,60). However, a recent report by 
Hellmich ei al. (61) described G-CSF administration to six patients with Wegener’s granulo- 
malosus and severe neutropenia. Treatment with G-CSF was discontinued prior to the neutrophil 
count rising above 1000/mm3. These six patients did well, with shorter durations of neutropenia 
compared with controls and no evidence of disease flares. 

Only one possible case of vasculitis has been reported in association with erythropoietin 
(62), a drug in much more widespread use than both G-CSF or GM-CSF combincd. No cases of 
DIV with thrornbopoietin have been reported, but this agent is not yet common3y used. 

D. Cocaine and Heroin 

Both cocaine (63-72) and heroin (10,73-75) have been implicat~d as causal for DIV. The singu- 
larity of a drug in these reports of vascuIitis i s  often ~ i f ~ c u ~ ~  to establish because users of these 
agcnls often take more than one drug at a time and the drugs are often mixed with other contam- 
inants. These so-callcd “drugs of abuse” are illegal in most countries and associated with social 
disapproval, making details of the prevalence of UIV with these agents dif~cult  to d~ te rmi~e .  

The majority of reports of DIV with cocaine and heroin involve vasculitis of the central 
nervous system. Because central nervous system vasculitis i s  so rare, and both drugs have va- 
soactive properties that could lead to vasospasm and malignant hypertension with hemorrhage, 
questions about causality remain with these agents with respect to DIV. Users of  cocaine and 
heroin are often at increased risk for infection with human immunodeficiency virus, hepatitis B, 
and hepatitis C, viruses known to cause vnsculitis. Therefore, in any cases of potential UIV with 
either drug, infections with these viruses need to be to considered. 

. Sympathomimetics 

Various s ~ p a t h o m i m ~ ~ j c s  have been associated with DTV inctudiiig ~ i e ~ ~ ~ i p h e t ~ ~ n i n e ,  phenyl- 
propanola~ne, and ephedrine (10,73,76-8 I), Some reports describe a necrofizing vasculitis and 
include cases of central nervous system vasculitis. 

The same questions about causality regarding polysubstance ingestions and vasostimula- 
tion as described for cocaine and heroin also apply to the sympatho~imetics. In the case of 
methcmphetan.ine, however, a good animal model of DIV has been described, making the level 
of evidence of causality of DIV much higher. Syinpathomimctics are contained in many over-the- 
counter decongestzits and “diet gills.” Patients are often unaware of the active ingedicnts in 
these products. 

F. Leukotriene Inhibitors 

USC ctf zafirlukast, oral Ieukotriene inhibitor used in the treatment of asthma, has been linked 
to more than 20 cases of Churg-Strauss syndrome (allergic granulomatous vasculitis) (27-32). 
However, the issue of causality i s  complicated by both a lack of strong evidence and the unique 
~ s o c ~ a ~ i o ~  between chronic asthma and the d e v e l o p ~ e ~ ~  of ~ h u r ~ - S ~ a u s s  syndromc. Many pa- 
tients with Churg-Strauss syndromc develop clear manifestations of vasculitis several years after 



firsl having syInptom~~~c asihma. Most, but not all, of these cases of DrV occurred during oral 
glucocorticoid tapering, raising the possibility of that zafirlukast "unmasked" latent vasculitis in 
susceptible patients (33,34). While patients improved upon drug withdrawal, most were also 
treated with systemic gl~icocortic~?~ds. There have also been a few similar cases reported with we 
of pranlukast and rnontelukast, implying that DIV may be a class effect for leukotricne inhibitors 
(35,36). 

Because Churg-Strauss syndrome is such a rare form of vasculitis, these reports are being 
t'iken quite seriously. It seeins prudent to consider avoiding use of leukotriene inhibitors in pa- 
tients with docL~inen~d Churg-Stmuss syndrome until further ~ n f o ~ a t i o n  is available, However, 
at this time, it appears premature to withhold these agents in patients with asthma who have no 
evidence or history suggestive of vasculitis. 

heurnatic Disease Drugs 

Many drugs includcd in Table 1 as possibly causing DTV are used in the t reat~ent  of arthritis and 
other rheutnatic diseases, including vasculitis. These drugs include allopurinol, azathioprine, 
chlorambucil, colchicine, cyclophosphamide, gold, interferons, methotrexate, nonsteroidal anti- 
i n ~ a m ~ a ~ o r y  agenls, p e ~ i ~ i l l ~ i n e ,  sulfasala~ine, and tetracyclines. When patients with under- 
lying rheumatic diseases manifest signs or symptoms of  vasculitis, both expressions of the pri- 
mary syndrome as welt as DIV should be considered. Differentiating an ADR from worsening 
primary disease may be difficult, but i m p o ~ n t  treatment decisioxis wilt be bascd on such cvalu- 
dons .  

A ~ ~ A - ~ o s i ~ i v e  Vasculitis 

An increasing number of drugs have been reported to cause vasculitis associated with positive 
tests for ~nt~neutrophil cytoplasmic antibodies (ANCAs). This topic has been reviewed recently 
(16). The traditional association with ANCAs has been with Wegener's granulomatosis, micro- 
scopic polyang~~tis. necrotizing and crescentic g l ~ ~ ~ e r u ~ o n e p h ~ i ~ i s ,  and Churg-Strauss syndrome 
(82-84). Ai~tirieLitroph~l cytoplasmic antibody testing by immunofluorescence and ELlSA i s  
highly specific for this spectrum of vascuritis and has become an important diagnostic and clas- 
sification tool. 

The drugs thus far reported to cause ANCA-positive DIV includc hydralazine ( I  7,85-91), 
propylthiouracil (and related thionainide antithyroid drugs) (92-1011, penicillarnine (17,90,102- 
106), miiiocycline j107,108), clozapine (1091, cipro~oxacin (1 I O), sulfasa~a~ine (17,11 I) ,  allop- 
urinol (17,112), and phenytoin (113). Of these agents, the best evidence for m e  causality exists 
for hydralazine and propylthiouracil, The large number of cases, the dctajled docurnetitation of 
the clinical manifestations including biopsies, tile exclusion of other diagnoses, the temporal as- 
sociations, and singularity ofthe drugs used all make the evidence good to exceilcnr for these two 
drugs. A fall in titer or complete disappearance of ANCAs after drug withdrawal In some oT the 
cases is further evidence of causality. The evidence of causality ofthe other agents, some of which 
are commonly prescribed medicines, is of lower quJity. 

The clinical ~ ~ i f e s ~ t i o n s  in A~CA-posit~ve DIV range from mild cutaneous lesions to 
severe, life-threatening glotneruloiiephritis, pulmonaqy hemorrhage, and necrotizing vasculitis. 
Even dmg disconrinuation does not always prevent disease progression. Most of the reported pa- 
tients were treated with glt~c(~corticoids and a second immunosuppressive agent. The time course 
from the introduction of the putative causal agent to disease presentation ranged from weeks to 
many months. Most patients were positive Tor antiniyelop~roxidas~ ANCA and not anti-pro- 
teinase 3 ANCA. One case of DIV was reported in a patient with established Wegener's granulo- 
matosis who was positive for anti-proteinase 3 antibodies and then developed a transient DIV 
from pro~ylthiou~acil and wits t e ~ p o r a ~ ~ y  positive for antimyeloperoxidase antibodies (99). 
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It is important to differentiate cases of ANCA-positive DIV from drug-induced systeniic 
lupus erythematosus (DILE). While there is some clinical overlap between these two entities, 
many of thc cases of ANCA-positive DIV included features not found in DLLE, such as upper res- 
piratory disease arid p u ~ ~ o n ~ y  h e m ~ ~ ~ ~ a ~ e .  It i s  quite likefy that sorne previous~y publ~shed 
cases of DLE, cspccialty in association with hydraiazine, would now be classified as AMCA-pos- 
itive DIV (85,89,90). 

Because investigations into possible drug-induced ANCA-posi tive vasculitis began rela- 
tively recently, othcr drugs will likely be found to cause this subset of DW. Furlher understand- 
ing the role of ANCA testing in the evaluation of  possible ADRs could be an impoi~an~ advance 
in methods to determine causality of some cases of DIV. 

Clinicians faced with a potential case of vasculitis should have a high index of suspicion for the 
possibility of DIV and then work simultaneously on three fronts: ( 1 )  firmly establish the diagno- 
sis, whether vasculitis or another condition; (2) determine the extent of disease; and (3 )  establish 
an accurate and complete drug exposure history (Table 5). 

Unless a nonvasciilitis diagnosis is made or highly specific testing such as a positive ANCA, an 
active urinary sediment with red blood cell casts, or a ~ ~ a r a c t e r ~ ~ ~ i c  a n g ~ o g ~ m  are found, tissue 
diagnosis i s  usually required for DIV. Since skin lesions are common and easily biopsied, this is 
usually the first tissue sampled. Skin pathology can not only document active vasculitis, but also 
can identify other considered diagnoses, including cutaneous polyartehtis nodosa, Sweet’s syn- 
drome, ~ y o d e r ~ a  ~angrenosiIrn~ calciph~laxis, chofesrerol emboli, various infections, thrombo- 
sis, and other entities. In addition to routine  histologic^ stains. skin tissue should be sent for im- 
rnunoiluorescence, microbial stains and cultures, and occasionally for electron microscopy. Other 
tissucs may need to bc biopsied to establish a diagnosis of vasculitis, depending on the clinical 
situation. 

a bo ra to r y Testing 

Although there arc no pathognomic laboratory findings of DIV, many test results help establish 
an ~ l ~ ~ a t i v e  diagnosis and guide therapy. Drug-induced vasculitis i s  usually a diagnosis of ex- 

Table 5 
Drug-Induced Vasculitis 

Guidelincs for Obtaining Comprehensive Drug Exposures Histories on Patients with Possible 

Pursue drug histories irnniediateiy as the “trail” gets “cold” quickly as patients forget key details. 
Request assislmce from family, friends, other clinicians, and pharmacists associated with the palient. 
inquire about details on drug histories for at least the preceding 6 months, perhaps niore. 
Ask about exacl drug start and stop dates and their temporal relation to thc onset or resolution ol‘key signs 

Attempt tt3 determine both exposure and drug singularity. 
Scck details of: 

and symptoms of disease. 

Prescription medications 
Over-the-counter preparations (listing each ingredient) 
Herbs, supplemciits, and V E ~ ~ ~  

“Natural” or “alternative” products 
Illegal drugs and diluentslcontaiitinanrs. 
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elusion in the setting of proper timing of a candidate drug. Thus, a series of tests for vasculitis are 
usually performed prior to establishing this diagnosis. These tests should include complete blood 
counts with lymphocyte differential, liver and renal function tests, urinalysis, quantitative C3 and 
C4 complement measures, serum and urine protein electrophoreses, and tests for the presence of 
cryoglob~lins. Serological studies for antinuclear antibodies, ~ h e u ~ a t o i d  factor, hepatitis 13 and 
C antigens, syphi~is, and a n t i ~ d i e s  to human immLtnode~ciency viruses should be considered in 
the appropriate clinical settings. Blood cultures should be obtained, especially if endocarditis is 
being considered. Antineutrophil cytoplasmic antibodies (ANCAs) should be tcsted for by both 
immunofluorescence and antigen-specific ELIS As for antibodies to rnyeloperoxidase and pro- 
teinase 3.  

Clinicians should also consider ordering a blood and/or urine toxicology screen for illegal 
drugs and controllcd substances. These screens often also include over-the-counter sympath- 
omimetics and other agents. Toxicology screens may reveal drug use not otherwise suspected or 
acknowledged. 

Acute phase reactants should not be used as screening tests for vasculitis, including drug- 
associated cases. In a series of patients with cutaneous sasculitis of various causes, i n c l u ~ ~ ~  
drug-induced diseasc, Ekcnstam and Callen (6) noted elevated erythrocyte sedimenta~ion rates in 
only 60% of patients, Additionally, most of the diseases in the differential diagnosis of DlV, es- 
pecially infections, are generally associated wilh elevated acute phase reactants, further indicat- 
ing the lack of diagnostic utility of thcsc tests in this setting. 

C. Re~o~tiflg Adverse Drug Reactions 

Clinicians and pharmacists me strongly encouraged to report all cases of possible, probable, or 
certain DIV to the United States Food and Drug Administration (FDA) or the cyuivalent moni- 
toring agency in their country. The FDA maintains “MedWatch,” a large program for reporting dl 
types of ADRs on old and new drugs, biologicals, ~upplemen~s, and medical devices (http:// 
www.f~~a.~~)v/medwatchf; 80-FDA- 1 088). Othcr countries and many hospitals and clinics also 
have thcir own ADR reporting systems to aid clinicians. Methods specifically addressing causal- 
ity assessment in ADRs have also been published ( L  14). Only through comprehensive postmar- 
keting surveillance will more accurate and useful data on ADRs, includirig OW, be available to 
clinicians and their patients. 

The precise i ~ a n a g e r ~ i e ~ ~  of DIV i s  not clear, but general guidelines cttn be offered based on the 
literature. Drug ~anufacturers may also have unpubl~s~ed information available lo aid clinicians, 
especially for newly released drugs. Treatment decisions in cases of DIV should be made only 
after considering the extent of disease, rate of progression or remission, the risks of treatment for 
an individual patient, and the reported experience with DLV from the specific causativc agent. 

A. ~ a f l a ~ @ ~ @ ~ t  of C ~ ~ ~ a t i ~ e  Agents 

The first step in treatment of DIV is withdrawal of the putative causativc agent. If DIV is sus- 
pected but drug singularity can not be established, then it is prudent to discontinue multiple drugs 
simultaneously. The action of most medications can bc duplicated by substitute agents. The rate 
of drug elimination after the last dose varies widely among different drugs and also dcpencls on 
patients’ renal and hepatic ~ u n c ~ i ~ ~ ~ s .  It seenis reasonable to imke eeorts at increasing the elimi- 
nation and mctabolisrn of putative causative agents in cases of UJV. However, given that DIV may 
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be the result of an already established immune activation, such efforts may be less imperative than 
in cases of overdose with a drug that has direct toxic effects. 

~i thdrawal  of causativc agents in cases of DIV may result in full cfinicai resolution with- 
out any other interventions. This may be especially true in cases of DIV limited to the skin. The 
resolution of vasculitis after such dechallenges provides additional evidencc for causality. 

Rein~odtic~ion of causative agents after resolutiori is not r e c o ~ e n d e d .  There are many 
documented cases of recurrent vasculitis upon drug rechallenge. Whether patients who have had 
DIV need Lo avoid other drugs from the same or a similar pharmaceutical class as the causative 
agent is not known, but such action shoufd be avoided if feasible. The dangers of drug desensiti- 
zation are not clear, but this practice certainIy entails risk and should only be attempted when sub- 
stitute medications are not available for serious clinical problems. In cases where multiple drugs 
where discontinued s ~ ~ u l ~ ~ e o u s l ~ ~ ,  further data often become available either favoring causality 
of one agent or eliminating other agents as possible candidates, Such i i i fo~at ion may allow 
physicians to comfortably represcribe some of the agents previously discontinued. 

€3. ~ ~ ~ ~ ~ o ~ ~ ~ p r ~ s s i w e  Therapy 

While drug withdrawal alone may be sufficient in some cases, it is important to remember that 
DIV can result in widespread disease and lead to significant morbidity and death. GIucocorticoids 
and im~n~inosuppressive/cyto~oxic therapy are often prescribed in cases of DlV, especially for pa- 
tients with systemic involvement and in refractory cases. Clucocorticoids alone may be appro- 
priate for cases limited lo skin, although it is uncertain whether this approach actually changes 
the long-term outcome of patients. Treatment is often begun prior to firm e s t ab l i s~en t  of the di- 
agnosis of systemic DIV when other forms of vasculitis are considered possible. Once begun, glu- 
cocorticoids or cytotoxic agents may not need to be given as long Tor UlV as lor other forms of 
vascul itis. 

The subset ol' patients with ANCA-positive DIV may have some unique features that affect 
treatment decisions. These patients may have major organ system disease, including renal or res- 
piratory failure, and many often have been treated with both glucocorticoids and cyctophos- 
phanide. Furthermore, the possibility of drug-induced disease may not be considered because the 
clinical picture fits well with idiopathic Wegener's granulornatosis or microscopic polyangiitis 
(1 7). 

It is i ~ p o r t ~ t  to m ~ n t ~ n  quite close clinical surveillance of patients with DIV, even after 
treatment cessation. Not only might recurrent flares of DIV occur, but withdrawal of therapy 
might also reveal an underlying chronic vasculitis that was misdiagnosed as DIV at first. 

X. PATHOGENESIS 

The exact pathogenesis of DIV is not yet known, bttt there is some eviclence s~ggesting these 
AURs occur through a combination of alterations in htnmoral andlor cellular inmunity in the con- 
text of drug-specific and patient-related factors. It is also possible that dif€erent drugs result in 
DIV through different mechanisms. 

Actual evidence of a precise immunological basis for DIV is lacking ('7,12,23,t 15). While 
immune complexes are found in some cases with UIV, the more commonly seen lynipiiocytic in- 
filtrates suggest that cellular i m ~ ~ n i t ~  may also play an important role. Various drugs may pro- 
voke different mechanisms and, in many cases, muftiple i~~m~~io Iog ica1  pathways niay be in- 
volved. Histological findings are also likely to differ based on the timing of biopsies, 

Individual patient-related factors may also play a role in the development o f  DIV from spe- 
cific drugs. Different genetic predisposit~ons leading to v ~ a t i o n s  in the p h a r ~ e ~ ~ ~ n e t i c s  of drug 
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metabolism, distribution, and elimination may exist among people exposed to the same drug. Co- 
morbidjti~s and ~ ~ ~ ~ n g e s t i ~ ~  of other drugs mi%y c ( ~ n ~ ~ b u ~ e  to an  individual'^ susce~~ib~l i ty  to var- 
ious ADKs including DIV. 

Drug-induced vasculitis occurs as an adverse drug reaction to multiple different agents from al- 
most every p h a r ~ ~ a c o l ~ ~ i c a ~  ciass. The timing of DIV ranges from a few days to months or more. 
Clinical ~ n ~ ~ ~ s t a t i o n s  range from ~~I~a~ieo~is-only ~ resen~ t ions  to multiorgan system iiwolve- 
ment and death. The clinical spectrum of DIV encompasses those m~nifestations seen among the 
various priinary i ~ i ~ ~ r n a ~ o ~  ~~sculitidcs. No tests itre specific for the diagnosis of DW, and 
proving causality in a single case or for 8 specific medication requires a vigilant evaluation 
process. The number of new pharmaceutical agents introduced to clinical practice is rapidly in- 
creasing and is far more than the number of drugs withdrawn from use. Therefore, it is reason- 
able to assume lhe speclmm of DIV will only expand in the coming years. Further id~nti~cation 
of markers of disease will help both diagnostically and therapeutically. Treatment is based on 
drug withdrawal and selective use of glucocorliccrids and cytotoxic agents. The best protection 
patients have from suffering ~orbidi ty  due to DIV is an increased awareness of the varied pre- 
sentations of DIV among, treating physicians and a low threshold to consider the diagnosis in pa- 
tients presenting with signs or symptoms of  vasculitis. Prompt diagnosis should lead to iniproved 
clinical outcome. 
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Infla ory Aspects of Acute 
ary syndromes 

Ciovanna Liuzzo, Luigi M. Biasucci, and Attilio Maseri 
Catholic University of Sacred Heart, Rome, ltaiy 

1. INT~ODUCTION 

Growing evidence indicates that alherosclerosis i s  a dynamic process, with an in~portant inflaw- 
matory component. In patients, quantitative difierences in the inflammatory component havc been 
observed in acute coronay syndromes compared with stable atherosclerosis, suggesting that the 
i n ~ a ~ a ~ ~ o n  plays a role in the pathogenesis of atherosclerosis. The process of atherosclerosis as 
proposed by Ross (1) is a “response to injury.” In this theory, atherosclerosis is the result of an ex- 
cessive inAammatory-fbropruliEerative response to different forms of iqjury to the arteriaf wall. 
The process, once initiated, is regulated and sustained by a number of i n f l ~ ~ a ~ o ~ y  mediators, 
such as cytokines, adhesion molecules, and growth factors, and involves all the cellular elements 
with inflammatory properties, such as T l y ~ p h o ~ y ~ e s ,  macrophages, neutwphils, and mast cells, 
as well as activated endothelial cells and smooth muscle cells. Cytokines, adhesion molecules, and 
other inflammatory mediators typical of immune interactions, have also been found to be increased 
in the peripherat circulation of patients with atheroscler~~sis, suggesting that at feast some of the 
niechanisms are not confined to the arterial wall, but may have a systemic “reverberation.” 

II. I~~LAMMATION AND ATHEROGENESIS 

In patients with acute coronary sy~i~~romes, coronary a~herosclerotic plaques include the presence 
of activated macrophages, lymphocytes, and mast cells (2-1 3). Quantitative, rather than qualita- 
tive, differences in inflammatory components were obscrved in patients with acute coronary syn- 
dromes compared with stable patients (14) and unselected patients with aoi-tic and coron‘ary ath- 
erosclerotic lesions of variable severity (XS), suggesting that the intlaminatory infiltrates are 
largely related to the underlying pathogenesis of atherosclerosis. 

Different causes of arterial injury include hypercho~es~ero~ei~a with oxidized low-density 
lipoproteins (LDLs), hyperhoinocysteinemia, hypertension, cigarette smoking, diabetes, viral 
and bacterial infections, and immune complex deposition. In hypercholesterolemic animal mod- 
els, the first morphological evidence of disease is the attachment of monocytes to endothelium (3) 
via specific adhesive glycoproteins (VCAM-1, ELAM- 1) on endothelial cells. These adhesive 
molecules play a pivotal role in attachment and migration of nionocytes and T l y ~ p h o c ~ e s  
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across thc cndothelial barrier. The process is undcr the influence of growth-rcgulatory molecules 
and chem~attra~taiits released by altered e i i d o ~ e ~ i u ~ n ,  adherent leukocytes, and possibly under- 
fying smooth muscle cells. Rccent studies have raised the inaiguing question of whether infec- 
tious agents, such as Chlamydia pneumonicrr, Helicobucter pylori and cytomegalovirus may be 
responsible for the initiation and progressioii of atherosclerotic disease (16-2 1). 

The fate of the initial atherosclerotic plaque is largely inlluenccd by the local and systemic 
inflammatory response. Mature atherosclerotic plaques develop from proliferation of smooth 
muscle cells, macrophages, and possibly lymphocytes (1). In many mature plaques, there are two 
d ~ ~ e r c n ~  but not independent regions: the “fibrous cap,” rich in collagen fibers and smooth mus- 
cle cells, and the “core,” which is rich in foam cells, macrophages, and cellular necrotic debris. 
There i s  cvidence that macrophages and lymphocytes infiltrating the plaque are activated (6,151. 
T lymphocytes have been show to be CD4+ helper and CD8+ cytoloxic cells, present in approx- 
imately equal numbers, and activated as memory CD4SRO+ cells expressing HLA-DR antigen 
(6,15,22). Lymphocytes in plaque producc interferon-y (IFN-y), a pleiotropic cytokine that acti- 
vates macrophages that produce mafrix-degrading protcases and inhibits collagen secretion by 
smooth muscle cells (23-27). Pro~ease-producing macrophages arid inast cells are particularly 
abundant in thc shoulder regions of the plaque, where their enzymes may contribute to plaque 
rupture (8-1 3) .  Macrophages, as well as circulating monocytes, also produce proinflammatory 
cytokines, such as ~ i i~r leukjn  (€Id)- I, TL-6 and tumor necrosis factor-a (TNF-a), which activate 
the eiidothelium, have procoagulanl properties, and may activate neutrophils (Fig. 1) (28-3 1 ). 

Althongh the processes involved in plaque formation and growth have received great at- 
tention, the triggers that shift the chronic stable phase of a~herosclcrotic disease to an acute coro- 
nary syndrome remain elusive. 

~ ~ T I O ~  FROM STABLE PLAQUE 
TO UNSTABLE CORONARY SYNDROMES 

When examining the relation between coronary a~eroscle~osis and ischemic s y n ~ r o ~ e s ,  a major 
discrepancy emergcs. Many patients with very severe atherosclerosis remain stable for years 
without developing myocardial infarction or unstable angina. Other patients develop myocardial 
infarct~on or unstable angina as the very first ~ ian j f~s~at ion  of ischemic herul: disease, and they 
may have less extensive and severe coronary atherosclerosis (32). Local and systemic markers of 
inflamrrration appear to correlate better with acute coronary syndromes than with the severity of 
coron<q atherosclerosis (33) .  

Unstable coronary syndromes are clinically characterized by sudden onset or stuttering re- 
currence of ischemic episodes over a period of weeks or even months. This may evolve to either 
myocardial infarction or, conversely, a stable or cven quiescent phase of ischemic heart disease. In 
acute coronary syndromes, ~hrombosis has become the f ~ ~ i ~ d a m ~ n t a l  target for therapy. Under- 
standing why coronary thrombosis becomes a mechanism of disease, instead of remaining a self- 
linliting stcp in vascular repair, would open the way to additional novcl forms of therapy. In prin- 
ciple, tl~romb~~sis can develop in response to two types o~stjmuli: ( 1  a fissure of an atherosc~erotic 
plaque causcd by purely mechanical forces (in this case the size of thrombus is determined by the 
throxnbogenicity of the fissure), and (2) inflammatory activation of the vessel wall (in this cme, the 
growth of throm~us is proportional to the ~ntensity and duration of i n f l a~~a t ion ) .  The two causes 
are not niutually exclusive and, in both cases, the find acute occlusion of the vessel is also deter- 
mined by the hemostatic and by the local vasoconstrictor response (32). 

~ n ~ a m m a ~ o ~  cytokines can cause a persistent waxing and waning activation of endothc- 
fium, aboI~shiiig its a n ~ ~ ~ r o m b o t i c  and vasodilator properties. They can also directty promote 
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Figoirf? f Atherosclero~ic plaque contains in~amrnator~  cells. Activated macrophages and lyn~phocytes 
have been found in the atherosclerotic plaque. T lymphocytes have been shown to he CD4+ helper and CD8+ 
cytotoxk cells, which are present in similar proportions and are inernory (CI345RO+) cells, expressing 
HLA-DR antigen (sign of recent a c ~ i ~ i t i o n ~ .  ~IaqLie-reIate~ l y ~ n ~ h ~ c y ~ e s  mainly produce inter~e~on-y (EN- 
y), a pleiotropc cytokine that activates rnrzcrophages, which synthesize matrix-degrading proteases and in- 
hibit collagen iecretion by sniooth inuscle cells. Macrophages and mast cells are particularly abundant in 
the shoulder regions of the plaque, which are more prone to rupture. It is tlxough the syiithcsis of 
ttiacrophage and mast cell protcases that these cells may contribute to plaque rupture. Macrophages, as well 
as circulatrng monocytes, also produce proinflammatory cytokines, such as interleukin (IL)-l, 1L-6, and 
tumor necrosis factor (TNF)-a, which activate the endothelium and have procoagulant properties. 

thrombosis, vasoconstriction, and activation of metalloproteases, which digest intercellular ma- 
trix, increase vascular permeability, and cause detachment of endothelial cells and lysis of the cap 
of vulnerable plaques at their thinnest site (34). 

Only a minority of actrte coronary thrombi are composed of reti cells and fibrin, which 
would be indicative of their development in the presence of blood flow sta or intensc throm- 
bogenic stimuli. The majority of thrombi are largely composed of platelets, which implies their 
gradual for~at ion in flowing blood in response to weak, but persistent t ~ o ~ b o ~ e ~ i e  stimuli. In 
acute coronary syndromes, such thrombi are often multiple and sometimes multilayered, sug- 
gesting multiple recurrent thrombogenic stimuli. Recurring, multiple platelet thrombi could be 
due to diffuse and recurring i n ~ ~ m ~ ~ ~ r y  reactions. This would he more plausible than purely 
mechanical injury. Et would also more easily explain the coinmon fluctuations in instability ovcr 
a period of days and weeks (33). 

Several ~ s ~ ~ ~ ~ ~ ~ ~ a ~  studies have shown that i ~ f l a i ~ ~ a t o r y  cells infiltrate acute coronary 
thrombi, which may lead to plaque fissure ('Table 1) (2-13). However, coronary plaques with in- 
flammatory cell infiltrates are also found in stable angina patients (14) and in accident victims 



750 Liuzzo et al. 

Table 1 Local and Systemic Signs of InfIammation in Acute Coronary Syndromes 

INFLAMMATORY INFILTRATES OF ATHEROSCLEROTIC PLAQUES 
Activated lymphocytes (CD4+ and CD8+ T cells, CD45RO+, HLA-DR+) and macrophages (HLA-DR+) 

Lorulized to thP culprit lesion 
S)reud to ~ ~ ~ i ~ l ~ i p l e  c o r o ~ ~ ~  sites 

Lymphocytes: HLA-DK+, CD25+, IFN-+, 71.-2 solublc receptor 
Moiiocytes: integri n up-regulation, tissue factor expression 
Neulrophils: integrin up-regulation, clastase, neutrophil degranulation, reduced intracellular myeloper- 

ACTIVATED ~~RCULATING LEUKOCYTES 

oxidase content 
ELEVATED LEVELS OF SOLUBL~ ~ ~ ~ L A M M A ~ O R Y  M A R ~ R S  

Arute phase pmt~ins: fibrinogen, CRP, SAA 
Cytokines: 1L-6, W-, IL-IRa 
Adhesiorz molecules: soluble VCAM- 1 ,  soluble ICAM-1, soluble E-selectin 
Others: ceruloplasmin, neopterin, heat shock proteins 

Part of the i ~ ~ l ~ n ~ ~ ~ o r y  response to atherosclerosis 
A consequcnce of acute ischemia 
A pathogenetic componenl associated with prognosis 

POSSIBLE SYSTEMIC SIGNS OF ~ ~ F L A M ~ A ~ I O N  IN ACUTE CORONARY S ~ N ~ R O M E S  

without ischemic symptoms (7,15,35). Thus, inflamma~on. under some conditions, inay con- 
tribute to the development of atherosclerosis; in other circumstances it may causc acute acliva- 
tion of the vascular wall with consequent local thrombosis and vasoconstriction, with or without 
plaque fissure. The incomplete specificity of stenosis severity, plaque fissure, the histological fea- 
tures, and the cellular alterations for acute ischemic syndromes suggest that the development of 
instability and the progression toward infarction may require the s~mu~taneous presence of mil- 
liple ~ a t h o ~ e n ~ t i c  c~~m~onents ,  one of which i s  represented by an in~ammatory reaction (33). 

An intriguing observation made at the time of bypass surgery is the finding of red streaks 
with perivascular inflammatory infiltrates along one or more coronary artery branches. This was 
noted in 21 of 200 patients with unstable angina (3). Patients with red streaks were indistin- 
guishable clinically from those without red streaks. In some patients, the involvement of long seg- 
ments of one or inore coronary arteries, ~ncluding those that were a~igio~~aphically normal, sug- 
gests a dieuse process rather than localization to the site of a singlc coronary plaque. 

STEMIC MARKERS OF INFLAMMATION IN UNSTABLE ANGINA 
ND ACUTE MYOCARDIAL INFA~CTION 

In many patients with unstable angina and acute myocardial infarction, systemic signs of inflam- 
mation are detectable (see Table 1). Thus, in acute coronary syndromes, the inflammatory process 
is not confined to the coronary plaque, but is systemic or at least has a systemic component. More- 
over, systeinic inflanmatory markers, such as C-reactive protein, have an independent prognos- 
tic value, thus supporting the pat~oge~et ic  role of inflan~mation. 

The existence of an acute in~ammatory state in unstable angina and myocardiat infarction 
i s  supported by clinical studics demonstrating increased urinary excretion of leukotrienes (36), 
activation of circulating neutrophils (37-40), lymphocytes (41,42), and monocytes (39,43), and 
elevated levels of acute-phase proteins in serum (44,45). 

Metita ec at. (37) and Dinerman et d. (38) demons~ated IS-fold higher levels of a neu- 
trophil elastase-derived fibrinopeptide B-beta in patients with unstable angina compared to con- 
trols and stable angina patients. Mazone el al. (39) observed increased expression of neutrophil 
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Figure 2 Expression of adhesion receptors in granulocytes and monocyles during their passage through 
the coronary circulation. CDI IblCDlX adhesion receptor expression is higher in ~ ~ n u ~ o c ~ t e s  (A) and 
rnonocytes (t3) sampled from the coronary sinus (CS) than in those sampled from the aorta (120) in unstable 
arigina patients (Group 11, but not: in stable angina patients (Group 2) or controls (Group 3). Thus, in unsta- 
ble angina patients, leukocyte activation occurs during their pas5age through the coronary circulittinn. (Mod- 
ified from Ref. 39.) 

and monocyte adhesion molecules during the passage of these cells through the coronary circu- 
lation. This may have been due to endothelial activation (Fig. 2). Circulating neutrophils in pa- 
tients with acute myocardial ~ ~ ~ a r c t ~ o n  and unstable angina were found lo have evidence sugges- 
tive of activation (e.g., reduced myeloperoxidase content, indicative of a significant release of 
inyeloperoxidase) (40), 

Neri Serneri et al, (4f) reported activation of monocytes by lymphocytes irr unstable vs. sta- 
ble patients. They proposed that unstable angina is associated with an acute transient inflamma- 
tory event with lymphocyte activation. These findings are supported by increased procoagulant 
activity in circutating monocytes (43, increases in circulating rnonoey~es/mdcrc~phages and T 
lymphocytes with WLA-DK expression (42) ‘and expression of HLA-DK antigens on adjacent 
smooth muscle cells in plaques beneath thrombi (8,9), 

Vcjar et ai. (44) Found that in patients with unstable angina, in whom platelet production of 
thromboxane A, was blocked by low-dose aspirin, urinary excretion of a thromboxane Az 
metabolite (I  i ~ d e h y ~ r o t ~ ~ o m b o x a n ~  B2) was often much higher than in stable patients undergo- 
ing coronary angioplasty, who were on a similar dose of aspirin (47). Th is  observation suggests 
the possible origin of this metabolite from i n f l ~ ~ a t o r y  cells in which lhroinboxane Az prodttc- 
tion is not inhibited by low-dose aspirin (48). Recently, throtnboxane A, biosynthesis in  unstable 
angina was examined as modified by two cyclooxygenase inhibitors differentially affecting cy- 
clooxygenase 2, despite comparable impact on platelet cyelooxyge~ase 1 (49). ~ i d o b ~ ~ f e n ,  which 
largely suppresses monocyte cyclooxygenase 2 activity at therapeutic plasma concentration, is 
more eficient in reducing urinary excretion of i 1-dehydrothromboxane B, than aspirin in unsta- 
ble angina (49). 
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V. P ~ O ~ ~ O S ~ I C  VALUE OF ACUTE-PHASE PROTEINS 

Increased concentrations of' the highly sensitive acute-phase proteins, C-rcacdve protein (CRP) 
and serum amyloid A protcin ( S U )  (44,459, and of IL-6 and IL- 1 receptor antagonist (IL- 1 Ra, 
a member of the IL-1 gene f a ~ l y ~  (50,51) were reported in patients with ~ n s t a b ~ e  angina. More 
interestingly, the intensity of the acute-phase response was shown to be closely related to the in- 
hospital outcome (45,50,51). 

Several studies have reported elevated levels of acute-phase proteins in patients with un- 
stable angina (45,52,53) or myocardial infarction (54). We have examined whether CRP and SAA 
have prognostic value in severe unstable angina patients with normal eroponin levels (45). On ad- 
mission, a value of CRP >0.3 mg/dL in patients with unstable angina had a sensitivity of90% and 
a specificity of  82% for predicting subsequent in-hospital cardiac events such as cardiac death, 
myocardial infarction, or thc urgent need for coronary revasculai-kation. The sensitivity increased 
to fOO% in patients with a value for CRP >1 .O mg/& on admission and in those who had any in- 
crease in the CRP level during the study. In the same study, pdtitients who presented with an acute 
myocardial infarction, with symptoms of <3 h duration, and a history of preceding unstable 
angina also had elevated levels of CRP (Fig, 3) (45). These data suggest that two d ~ ~ e r e n t  patient 
populations can be defined: one with high CRP and high risk, and one with low CRP and low risk. 
In the first population, an inflarnmaloiy reaction is likely to play an important role in altering the 
stable course of disease. A third ~opulation also exists, in which a severe course of disease is to- 
tally unrelated to inflammation, as in the majority of patients with unheralded myocardial infarc- 
tion (54): in these patients, other factors, such as mechanical plaque ruphxe, hypcrcoagulable 
statc, or vasospasm, can lrigger plaque ins~ability (33). Similar data have been reportcd also by 
other groups (52,531, and it has been shown that the prognostic value of CRP i s  also maintained 
in thc presence of elevated plasma lcvels of troponins, the major prognostic indicator for unsta- 
ble coronary syndromes (55,561. 

Elevated levels of CRP imply an increased synthesis of these proteins, mainly in the liver, 
stimulated by proinflammatory cytokines (Fig. 4) (57). A recent study has demonstrated that ele- 
vated serum levels of IL-6 and E- 1Ra arc c o ~ ~ ~ ~ ) n  in unstable angina, correlate with CRP, and 
arc related with prognosis, thus strengthening the importance of  ~ n ~ a m i ~ a t i o n  in unstable angina 
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Figure 3 Systcmrc inflammation in acute coronary syndromes indicated by elevatioii of acute phase pro- 
teins. About 65% of paticnts with Braunwald class 1113 unstable angina (LJA) have C-reactive prokin (CRP) 
leveis higher than 0.3 ingldL (90th percentile of normal dis~ibution~. The percentage of patients with ele- 
vated CRP on admission increases to 100% in patients in whom myocardial infarction was preceded by un- 
stable angina (Pre-MI IJA), but decrease to 45% in patients in whom myocardial infarction was totally un- 
heralded (MI). Stable cutgina (SA) palients do not s ~ ~ ~ i ~ ~ ~ n t ~ y  differ from healthy subjects. (Modi~ed from 
Ref. 45.) 
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Figure 4 Circulating levels of serum inflammatory markers reflect the underlying ~ n ~ a r n ~ n a L o ~  response. 
Inf l~nim~t~on,  systcmic or local, either in the blood vessel itself or elsewhere, triggers the production of 
~ r o ~ ~ f l a i ~ m a t o ~  cytokincs (c.g., IL-1 or TNF-a). These cytoktnes can directly elicit production by en- 
dothelial cells, leukocytes, and other cells of adhesion molecules, procoagulants, and other mediators. In- 
terleukin-1 or ‘TNF-a can also stimulate the production of L-6, which induces expression of hepatic genes 
encoding acute-phase reactantq found in blood, including C-reactive protein (CRP), serum aniyloid A pro- 
tein (SAA), and fibrinogen. ~ ~ o d i ~ e d  from Ref. 57.) 

entry 48h entry 4Sh 

No events New events 

~ ~ g u r ~  5 Increasing seruni Levels of E-6 during liospi~ali~at~on in unstable angina are associated with in- 
creased risk of coronary events. Elevated serum levels of TL-6 are common in patients with unstable angina, 
correlate with C-reactive protein levels, and are related to prognosis. Levels of L-6 are higher at admission 
than after 48 h, although not significantly, in  patients event-free during hospitalization. Convenely, patients 
with a complicated in-hospital course (death, myocardial infarction, refractory angina) have an increase of 
IL-6 a k r  48 h. despite the xime medical therapy, I ~ t e r ~ ~ ~ ~ ~ - 6  ievels are ciisplayed a5 boxes and whiskers 
with median levels (a), 25% to 75% percentitch, and range. (Modified froin Ref. 51 .) 
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Figure 6 Increasing serum levels of IL-1 receptor ~ ~ a g o i i ~ s ~  (It-IRa) during hospita~ization in unstable 
angina are associated with increased risk of coronary events. It-1Ra is a member of the IL-1 gene family 
that can block 1L-l cell-~ucface receptors. As a member of the IL-1 gene family, its production increases 
under the same inflammatory conditions that stimulate TL-1 and IL-1. As IL-lRa has a signal peptide and is 
readily secreted front celts into the circulation, m ~ s u r e ~ e n t  of this cytokine rather that1 IL-I or IL-1 is a 
more reliable assessment of increased production of IL- 1 famity meniixm. Patients with unstable angina and 
with worsening disease exhihil higher IL- LRa levels than patients who do not experience an in-hospital 
event, despite the samc medical therapy. In addition, a fall in JL-1Ra after 48 h is associated with a good out- 
come, and conversely, an additiona1 increase is associated with a complicated in I ~ o s p ~ ~ - c ~ u r s e  (death, 
myocardial infarction, refractory angina). iL- I Ra levels are displayed as boxes and whiskers with median 
levels (01, 2S% to 7S% percentiles, and range. (Modified from Ref. S 1 .) 

Vi. ~~FLAMMATION IN AGUfE CORONARY SYNDRO~ES: 
A PRIMARY OR SECONDARY PHENOMENON? 

An important issue to be investigated is the relevance of the acute i n f l ~ m a t o ~  reaction that 
seems to dirFcrentiate unstable angina from stable angina. It needs to be determined if it i s  oniy a 
marker of instability and represents a response to endothelial disruption and thrombus formation, 
or if it is a primary pathological process in which lymphocyte and monocytelmacruphage activa- 
tion cause myocardial ischemia and the occurrence of unstable angina via the formation of a va- 
riety of i n ~ ~ r n a ~ ~ ~ r y  mediators (see Tabfe 1). Recently, data have given strong support to the no- 
tion that the inflammatory response in unstable angina is not an epiphenomenon. It cannot be 
attributed to minor degrees of myocardial cell necrosis, a potent stimulus of acute-phase reac- 
tants. No evidence of myo~ard~al cell damage, as assessed by t r o ~ o ~ n - ~ ,  was found in hospital 
paticnts with raised concentrations of CRP and severe unstable angina (45). It also cannot be at- 
tributed to the severity of atherosclerosis, as thcre is no correlation between the degree of athero- 
sclerosis and the acute-phase response in patients with chronic stable angina or peripheral vascu- 
lar cfisease, in spite of much more extensive ather~sclcrotic and ~ ~ o ~ ~ b o ~ c  involv~ment (45, 
58). It cannot be attributed to episodic activation of the hemostatic system because the systemic 
elevation of markers of thrombin production is not followed by further elevation of acute pbasc 
proteins (59). Nor ccan increased CRP be attributed to ischemia-rcperfusion injury, as circulating 
neut~ophils were not activated and CRP levels were not increased in patients with variant angina, 
which is a “human model” of transrnural myocardial ischemia not associated with plaqui: insta- 
bility or thrombus formation. Variant angina is caused by occlusive epicardial coronary artery 
spasm. Normal CRP was observed despite a s ign i f i c~~ ly  larger number of ischemic episodes and 
a @eater total ischemic burden during Holter monitoring {40,60). 



Acute Coronary Syndromes 755 

t o o  

8 0  

6 0  

4 0  

2 0  

0 

entry discharge 3 M  t year 

Figure 7 13er&cncc of elevated levels of C-reactive protein after the waning of symptoms in patients 
with unstable angina. C-reactive protein (CRP) levels miry reni&u elevated ( A 3  mgldL, which represents 
the 90th percentile of normal distribution) for months after an index acute event in airnost one-half of pa- 
tients ~ ~ n i t ~ e ~  to the hospital with a diagnosis of B~aunwald class HE3 unstable angina. Such an elevation 
is associated with a significantly higher incidence of new phases of instability within I year. (Modified from 
Ref. 61.) 

Indeed, most patients with unstable angina have concentrations ol  CRP above the normal 
range at hospital discharge and at 3-month follow-up (Fig. 7). These elevated c o n c e ~ ~ a ~ i o ~ ~ s  c a y  
a greatly increased risk of new episodes of instability and of myocardial infarction and cardiac 
death at 1 ycar (Fig. 8) (61). Thus, recurrent instability may be associated with persisting inflam- 
~ a t o r y  stimuli, the cause of which is stilt unknown. This o b s ~ r v a ~ o ~  has impor~nt  i~plications 
for clinical practice and research. It provides a new way of identifying patients at risk of recur- 
rent instability, who may benefit from more careful clinical monitoring and inore aggressive pre- 
ventive management. This observation is in line with the long-term prognostic value of mildly el- 
evated concentrations of CRP observed in the ECAT study in a large group af outpatients, 
i ~ c l u d ~ i ~ g  patients with stable and unstable anginit. (Fig. 4) (52). It is in line with the long-tern 
prognostic value of very high levels of CRP observed in the FRISC study in patients with unsta- 
ble angina and non-Q-wavc myocardial infarction (53). It is also in agreement with the recent ob- 
servation that the baseline plasma concen~ation of CRP in app~ent ly  healthy men can predict 
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Figure 8 One-year survival free from readmission for unstable angina, myocardial infarction, and death 
according to C-reactive protein (CRP) levels at hospital discharge in patients with unstable angina. The 1- 
year survival free from readmission, m y o c ~ d ~ a l  infarction, and death was s i g n i ~ c ~ n ~ l y  higher in patients 
with nornnal CRP levels at discharge ( 4 . 3  mg/dL) than in patients with CRP levels >0.3 mg/dL as assessed 
by the long-rank test (p e0.00 1 ) and was independent or txeatment, including coronary revasculiuization pro- 
cedures, pcrfomed during t.hc initial ~ o s ~ i ~ a 1 ~ ~ a t i ~ ) n .  ~ ~ o d ~ f i e d  from Kef. 61 .> 
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Figure 9 Relative risk of coronary events by quintileh of d i s ~ ~ b u ~ i o n  of C-reactive protein (GRP) con- 
centration in  patietits with angina. SXigIitly increased production of CRP i5 corninon in patients with angina 
and is significardly associated with increased risk of myocardial infarction and sudden cardiac death. In a 
large group ol' 2121 oukpatients from 15 European centers, including patients with stable and unstable 
angina, the relative risk of a coronary event was about 2 times greater in the fifth quint& of CRP concen- 
tration than in the first four yuintiles, irrespective of adjustment for other coronary risk factors. Approxi- 
mately one-third of !he coronary events that occurred during the 2-year follow-up were among the fifth quin- 
tile of CRP concentration. (Modified from Ref. 52.) 

the risk of first myocardial infarction independently of other risk factors, even for events occur- 
ring 6 or more years later (Fig. 10) (62). Thus. available data converge to suggest that the effects 
o ~ i n f ~ ~ m m a ~ ~ o n  are likely mediated by a chronic process, not confined to the plaque, and disfavor 
that acute ischemia, thrombosis, or undetectcd acute illness are solely responsible for the acute- 
phase response in uiistable angina. 

v11. M FTHE ACUTE-PHASE RESPONSE 
IN NARY S Y N ~ R O ~ E S  

The mechanisms that relate the level of acute-phase proteins to short- and long-term prognosis in 
ischemic heart disease are unclear. Atberosc~er~~ by itself shares many characteristics of a 
chronic i n ~ I a ~ r n a ~ [ ~ r y  process. Many stimuli may incite the ongoing reaction found in athero- 
sclerosis, including chronic infection of the vessels with microorganisms such as Cytomegalo- 
virus aid ~~~1~~~~~~ ~ n ~ i ~ ~ ~ n i ~ e  (see below), but the cause(s> of the acute exacerba~on or acti- 
vation of an until-then chronic, quiet inflammato~ process resulting in the formation of adhesion 
molecules. inflammatory cytokines, lytic proteases, and leading to endothelial dysfunctjon and 
platelet aggregation with subsequent thrombosis arc incompletely understood (Table 2). Al- 
though the acute-phase response i s  universal, there can be substantial differences aniong individ- 
uals in the magnitude of their responses to similar stimuli. 

Interleukin- I, TNF-a, and in particular fL-6, produced by activated circulating monocytes, 
resident macrophages, and activated endotheiiuin, are the major inducers or acute-phase protein 
production by the liver. C-reactive protein is the prototypical acute-phase reactant, as i t  may in- 
crease several hundredfold after an inflammatory stimulus, its level in the circulating blood is de- 
pendent only on i ts rate of pro~uct~on and excretion, and it is not consumed. Because its halC-life 
is I9 h and it is relatively easy and not expensive to measure. URP is an ideal marker of inAam- 
maticm. For these reasons, CRP is used as a marker of disease activity in infectious and inflam- 
matory diseases. However, in conditions such as sepsis or rheumath~id arthritis, the i n ~ a ~ m a t o r y  
response i s  strong, and therefore CRP levels are markedly increased. Conversely, in atheroscle- 
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Figure 10 Relative risk of fultrre ~ y ~ ~ r d i a l  ~nfarction by quaftiles of d~stributior~ of C-reactive protein 
(CRP) concentratioti in apparently healthy men. Among apparently healthy men ~~a~ic iE~~t ing  in  the Physi- 
cians’ Health Study, the baseline levels of inflammation as assesscd by the plasmil concentration of CRP can 
predict thc risk of first myo ial irihrction (MI), independently of other risk factors, even for events oc- 
curring 6 or inorc years later. In this popdtition of low-risk individuals. CRP concentration was only mildly 
increased. ~ ~ ~ e ~ ~ ~ e ~ e s s ,  $he relative risk of first MI increased s ~ g ~ ~ ~ a n t ~ y  with each increasing quiuxife of 
baseline concentration of CW. Individuals in the highest qoartiie had a risk of future MI ahnost 3 timcs that 
among those in the lowest yuartile. Filially, the effect of aspirin in preventing a first myocardial infarction 
was greatest among the men with the highcst baseline CRP concentrations and the bendit diminished sig- 
niiicantly with decreasing concentration of this i n ~ a m n ~ a t o ~  marker. (Modified from Ref. 62.) 

rosis, the inflammatory response is mild, and ultrasensitive methods that allow measurement of 
low levels of C W  are required (57). 

Using these methods, CRP has been shown to be a reliable niarker of disease activity in 
acute coronary syndromes, where up to 60% of unstable patients and 90% of those with unfavor- 
able outcomes have elevated levels of CRP (45,5334). More recently, CRP has been shown to be 
related to long-term prognosis in other forms of athcrosclerotic diseasc. Levels of CRP in thc top 
quartile were associated with increased risk of myocardial inkction, stroke (62), and peripheral 
vascular disease (63) in apparently healthy subjects with a low risk-faactor profile, and CRP lev- 
els in the top quintile were associated with increased risk of infarction in high-risk subjects 
(64-66). In particular, the observation that mildly elevated levels of CRP are associated with 
events occurring 8 or more years latcr (62,65), together with the finding that CRP levels may re- 
main elevated for months aFter an index acute event (61), suggest that CRP levcls are associated 
with the activity of atherosclerotic disease. Whether CRP is only a marker of the underlying in- 
flammatory process or has specific properties relevant to plaque instability i s  still unclear. How- 
ever, CRP may induce the expression of procoagulant tissue €actor on human monocytes and has 
numerous m o ~ u ~ a ~ ~ ? r y  affects on i ~ ~ a m r n a ~ i o n ~  inducing p r o i n ~ ~ ~ i ~ a t o ~  cytokine production 
by monocytes and reducing free oxygen radicals by neutr~ph~ls, which suggests that CRP may be 
more than a marker (67). 
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‘The response of patients with coronary artery disease to stress was directly investigated by 
exploring whether “active” coronary plaque d is~pt ion  could alter circulating markers of inflam- 
mation in unstable angina (68). Percutaneous transluminal coronary angioplasty (PTCA) was fol- 
lowed by an increase of I t 6  levels, and subsequently of CRP and SAA, only in those unstable 
angina patients with detectable levels of this cytokine prior to the procedure. This acute phase re- 
action could not be attributed simply to the disruption of particularly “active” coronary plaques 
because it was also observed in the absence of PTCA following diagnostic cardiac catheteriza- 
tion and coronary angitrgraphy. 

Moreover, the acute-phase response to myocardial cell necrosis is greatly enhanced in pa- 
tients with preinfarction unstable angina as compared with those presenting with a totally unher- 
alded myocardial infarction (54). As the two groups did not differ significantly in estimated in- 
farct size and clinical signs of reperfusion, it could be hypothesized that the iiature and intensity 
of the stimuli provoked by myocardial cell necrosis and by reperfusion were similar in the two 
groups of patients, Thus, patients with preinfarction unstable angina may be more responsive than 
patients with ~nheralded myocardi~ infarction to the i n ~ a ~ ~ a ~ o ~  stimuli caused by myocardial 
necrosis and reperfusion. These findings suggest that the magnitude of the acute-phase response 
is determined to a greater extent by individual responsiveness than by the type of provocative 
stimuli. 

These findings are in agreement with the recent observation that the monocytes of patients 
with rcciwent unstable angina and persistent elevation of acure phase reactants exhibit greatly en- 
hanced production of IL-6 in response to LPS challenge 6 months after thc last acute event (61)). 
The magnitude of this response is linearly related to baseline levels of acute-phase reactants. 
These in vitro findings confirm the hypothesis that the ~ndividual response to stimuli of different 
types, including possibly infectious agents, may be responsible for instability. The causes of such 
h~7perresponsiveness are largely ~~nknown and are probably multipfe. ft is possible that genetic 
factors or the presence of a recently described population of unusual proinflamatory T lym- 
phocytes play an important role. 

If this liypothesis is confimied, “acute-phase hype~esponsiveness” may contribute to the 
marked elevation of acute-phax proteins observed in patients with persistent severe unstable 
angina associated with unfavorable in-hospital outcomes (45). It might also explain the strong 
positive correlation between baseline CRP values within the nomial range and the incidence of 
myocardial infarction over an %year follow-up in the Physicians’ Health Study (62) and the long- 
term prognostic implications of elevated CRP levels in patients with known ischemic heart dis- 
ease (52,53,61) and high frequencies of risk factors (65,66). Thus, individuals with a high acute- 
phase response of CRP to low-grade stimulation by chronic infection, oxidized LDL, or other 
factors, may be at incrcascd risk of acute ~ o ~ b o t ~ ~  compl~~dt~ons.  

V ~ ~ ~ “  ROLE OF I ~ M ~ ~ E  SYSTEM AS ~ ~ T E R M I ~ A ~ ~  
F INFLAMMATORY RESPONSE 

Neri Serneri et al. (4 1) reported that monocyte activation in patients with unstable angina i s  tym- 
phocyte depcndcnl. More recently, the same group provided direct evidence that circulating T 
ly~phocytes from patients with unstable angina, but not from patients with stable angina, are ac- 
tivated and that enhanced lymphocyte activation is associated with a unfavorable prognosis (42). 
A1 variance with Neri Semeri et d. is the work of Cafigiuri et al. (70). who found that in unstable 
angina Iymphocyte activation was inversely related to the intensity of inflammation as indicated 
by plasma CRP. They noted that lyinphocyte activation increased 2 weeks after angina, with wan- 
ing of s y m p ~ o ~ i ~  (70). These findings may be in keeping with reported e l e ~ a ~ o n s  of IL-2 soluble 
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receptor in  patients with stable angina and a lower restenosis rate after PTCA (71). These data 
suggest that lymphocyte activation may be protective, possibly by secretion of antiinflammatory 
cytokines such as IL-4 and IL- LO. 

The presence of ac~ivated T l ~ p h o c y t e s  in unstable angina implies antigenic s ~ i ~ ~ ~ l a t i o n .  
The identity of possibly impoutant <antigens has only been partially invcstigaled. SevcraI au- 
toantigens expressed in the atherosclerotic plaque are able to elicit an immune response, includ- 
ing oxidized LDLs (72) and heat shock proteins (20,73,74). Infectious agents like Chlamydia 
p n ~ ~ m f ~ n i ~ ~ e  (16,18), c y t o m e ~ a l o v ~ ~ ~ s  ( 7 3 ,  and ~el icob~cter  pylori (1 7 ,  t 8,2 1) have been asso- 
ciated to ischemic heart disease in several epidcmi(~log~ca1 studies. Cytomegalovirus (3577) and 
Chlamydia pneumoniae (19,20) have been frequently detected in advanced coronary atheroscle- 
rotic lesions and could be the target for activated lymphocytes within the plaques (Fig. 1 I )  (78). 
Yet, Kol et al. (79) failed to find evidence of active c y t o m e ~ a l ~ v i ~ s  replication in atherectomy 
s~eciniens from unstable coronary plaques. More promising are the results of studies testing the 
possibility of a pathogenetic role of Chlamydia pneumoniae and its sensitivity to antibiotic trcat- 
ment. Gurfinkel el al. (80) found a beneficial effect of roxithromycin on the combined end points 
of death, myocardial infarction, and severe recurrent ischemia at 30 days in patients with non-Q- 
wave coronary s ~ d r ~ ) m e s .  Gupta et al. (8 I ) found a persistent beneficial elfect of ~ j ~ ~ r o m y c i n  
at 1 year follow-up in patients with rccent myocardial infarction and high levels of antibodies to 
Chlamydia pneumoniae. However, these encouraging results have not been confirmed by more 
recent trials using antibiotic therapy to reduce the risk of acute coronary events (82). 

Recently, Liuzzo et al. (83) have found that unstable angina patients have expansion of an 
unusual subset of T cells, expressing the CD4+ CD28""" phenotype (Fig. 12). These unusual T 
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Figure 11 Postulatcd mechanisms to link infections and ischemic heart disease. Vixious potcntiaf 
causativc mcchanisms that may act either acutely ~ p r ~ i p i ~ t i 1 ~ ~  plaque rupture) or chronicdly ~ p r o m o ~ i ~ g  
plaque growth) have been proposed for the reported association between infections and ischemic heart dis- 
ease. Some involve possible direcl effects of infectious agents on the arterial wall, including endolhelial in- 
jury or dysfunction, smooth muscle proliferation, and local inflammation. But most involve possible indi- 
rect effects mediated in the cireu~at~on through chronic ~ i i f l~mat ion ,  cross-reactive antibodies, or changcs 
in known or sitspccted c~diovascuIa~ risk factors (such as lipids, coagulation proteins, oxidative mnetabo- 
litcs, or homocystcine). (Modified from Ref. 78 . )  
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Figure 12 Increased frequencies of CD4+ CD28""" T lymphocytes in patients with unstable angina. The 
frequency of CD28"&' cells within the CD4+ compartment was compared in stable and unstable angina pa- 
tients. Data are presented as box plots displaying medians, 25th and 75th percentiles {as boxes), and tOth 
and 90th percentiles (as whiskers). CD4+ CD28""' T cells were significantly expandcd in unbtablc angina 
patients ( p  i 0.001). Patients with stable angina did not differ from age-matched normal controls. CD4+ 
CD28"' T cells have iiifictional activities that predispose for vascular injury, possibly directly c ~ n ~ ~ ~ u ~ ~ ~ g  
to plaque instability. CD4+ CD28"'" T cells are c ~ ~ r a c t e ~ z e d  by their ability to produce high amounts of 
IFN-y, which is a potent stimulator of macrophages and, if present in the local microenvironment of lhc 
ptaque, could stimulate the production of tissue-destructive metalloproteinases. CD4+ CD28""" T cells are 
cytotoxic effector cclls, possibly atlacking smooth muscle cells and endothelial cells. ( ~ o ~ i ~ ~ d  from Ref. 
X3.) 

cells are committed to the production of IFN-y. The chronic upregulation of iFN-y in unstable 
angina patients could lead to subsequen~ activ~tion of monocyteslmacropliages in the circ~lation 
as well as in tissue lesions (Fig. 13). In addition, the finding that CD28-deficient T cells have cy- 
tolytic capability suggests that immune reactions in individuals with such T cells are deviated to- 
ward a high risk for tissue damage. E ~ v i r o n ~ e n t ~ I  as well as genetic mechanisms could uiiderlie 
the perturbation of the T-cell repertoire. In particular, because the defect in CD28 cell surfacc ex- 
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Figure 13 Stable angina and unstable angina patients differ in their repertoire of cytokine-producing T 
lymphocytes, The frequencies of CD4+ T lymphocytes producing IFN-y after in vitro activation were de- 
termined by three-color flow cytometry. Data are presented as box plots displaying medians, 25th and 75th 
percentiles (as boxes). and 10th and 90th percentiles (as whiskers). The numbers of CD4+ T cells produc- 
ing IFN-y was increased in unstable angina patients compared with patients with stable angina and healthy 
individuals. 
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pression may result froiii chronic exposure to antigen, the cxpansion of CD4+ CD2fJnU" T cells 
may reflect a persistent immune response to Inicroorganis~s or autoant~gens contained in ather- 
osclerotic plaques. 

1x. CONCLUSIONS 

lnflam~ation plays a pivotal role in both thc development of atherosclerosis and the acute acti- 
vation of the vascular wall with consequent locaf thrombosis and vasocostriction (with or with- 
out plaque fissure) (Fig. 14). 

In many patients with unstable angina and acute myocardial infarction, systemic signs of 
inflammation are detectable. Thus, in acute coronary syndromes, the inflammatory process is not 
confined to the coronary plaque, but is systemic or at least has a systemic component. Moreover, 
systemic ii~~ammatory markers, such as CRP, have an independent progn~)st~~ value, thus sup- 
porting their pathogene~c role of ~ n ~ a ~ i n a ~ i o n .  The use of GKP as a marker of diseasc activity 
and short- and long-term prognosis seems to be of cliiiical value (Table 3) .  

However, only about 50-70% of patients with Braunwald class IllB unstable angina have 
systemic markers of inflammation. In about 4040% of these patients, the elevation of CRP and 
IL-6 persists at discharge and at 3 months and i s  associated with recurrent instability and niyo- 
cardid infarction at 1 year follow-up. The percentage of patients with elevated CRP and IL-6 on 
admission increases to 90-100% in patients in whom myocard~al infarctjon was preceded by un- 
stable angina, but is noted in only 40% of patients in whom myocardial infarction was totally un- 
heralded. Thus, markers of 811 acute systemic inflammatory reaction appear to be an independent 

Systemic Localized 
(Activated circulating neutrophils 
munocytes and lymphocytes; 

, (presence of infectious agents 
and of inflammatory infiltrates 

Pro-coagulant state 

(A vasoeonstrivn) 

Ischemia / Necrosis 
Figure 14 Rote of i n ~ ~ a t i o n  in the pathogenesis of acute coronary syndromes. I n ~ ~ m a t i o n  may 
cause lwd ~ ~ d o t h e ~ i ~  a c ~ ~ ~ a t ~ o ~  and plaque fissure, ~~~~~~ to episodic t ~ ~ o m b ~ g e n i ~  and v a s o c ~ ~ n s ~ r ~ c t ~ r  
stimuli, which could be impor~int components of the onset, waxing, and waning of unstable angina and of 
its evolution toward infarct ion I 
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Table 3 Condifions Required to Detemiine CIinlcat Utility of InAammatory 
Markers in Acute Coronary Syndromes 

For a novel inflammalory marker to have a clinical role there must be: 
a widely mailable diagnostic rest with high r e p ~ d ~ c ~ ~ i l ~ ~  
(tkiis is the case for CRP as measured by highly ~ensitive assays) 
prosyesfive prognostic studies 
(several studies are available for CRP and fibrinogen) 
addilive inJmxation to traditional prognostic indicators and risk factors 
(no conclusive data; somc studies suggest an increnieiital prognostic value of CRP) 
t~eatmen&.~ able to modifi rite ~ ~ ~ ~ ~ ~ ~ o r ~ 7  marker alone 
(no c0ilGkGiVe data: statins?, aatihiotics?) --- 

determinant of prognosis in some patients with acute ischemic syndromes. However, signs of in- 
flammation are not detectable in all such cases (54). ~ n ~ a ~ ~ ~ a t o r y  events may reflect the impact 
of a variety of infectious and n o n ~ n ~ c ~ t ~ o u s  stimuli and also may bc an indication of the individ- 
ud’s unique ability to respond to such stimuli. 
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1. I~TRODUCTI~N 

An i m ~ r ~ d n t  re~ationship exists between certain rhcum~tic disorders, dyslipidei~ia, and in- 
creased frequency of atherosclerotic vascular disease, especially coronary heart discase (CHD) 
( I  .3,8,27,36,3X,43,54,~9,63,65,67,75,79,~6,~8). Systemic lupus crythematosus (SLE) and 
rheumatoid arthritis (RA) are the most widely studied disorders in regard to CHD. Increased CHD 
risk i s  related to associated hypertension, dyslipidemia, renal disedse/nephrotic syndrome, vas- 
cular i n ~ a m ~ a t i o I ~ ,  presence of procoagul~t  proteins, and use of proatherogenic therapies. 
Treatment of rheumatic diseases often includes medications that cause alterations and lipids and 
~ipoproteiiis. To what dcgrce the increased risk of CEID is related to the disease process itself or 
its treatment is uncertain. However, adverse changes in lipids contribute substantially to CWD risk 
in general. Therefore, benefits of aggressive lipid lowering in these high-risk groups may be ape 
plictable to patients with rheumatic disorders who are at increased risk for 0. 

11. ATHEROSCLEROTIC VASCULAR DISEASE IN PATIENTS 
WITH RHEUMATIC DISORDERS 

A. Systemic Lupus Erythematosus 

1. Coronary Heart Disease Prevalence 
Premature CHD is a significant cause of morbidity and mortality in patients with SLE. A bimodal 
mortality pattern of SLE has been reported in a series of patients followed for 5 years. Early 
deaths occurring in patients with active disease receiving large doses of corticosteroids are often 
due to idection. Late deaths occurring in patients with inactive disease who have had a long du- 
ration of corticosteroid therapy are often due to CHD (67,79). In a prospective survey of 75 SLE 
patients, 46% of thc dcaths were caused by myocardial infarction (75). In the Hopkins Lupus Co- 
hot% there was an 8% cuiiiulativ~ incidence of coronary artery disease, defined as angina or myo- 
cardial infarction (58). This i s  likely to underestimate the true frequency of athcrosclerosis, inso- 
far as autopsy series reported a greatcr incidence of coronary artcry disease in SLE patients (27). 

2. Dyslipidemia 
teong cl a]. (49) reported that 73 of 100 consecutive patients with SLE had dysI i~pro te ineI~i~~.  
Fifty-six percent of participants in the Hopkins Lupus Cohort Study had hypercholesterolemia, 
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defined as at least one total cholesterol level 2200 mg/dL (60). Multivariate analysis in the Hop- 
kins Lupus Cohort Study i d e n t i ~ ~ d  several factors predictive of serum cholesterol. Renal in- 
volvement and antihypertensive and anti-inflammatory medications were associated with in- 
creased cholesterol. Increasing proteinuria from 0 to 2-1- was associated with increasing serum 
cholesterof by I4 mg/dL and from 0 to 3-4+ by 21 mg/dL (59) (Table 1 j. Other studies report that 
SLE i s  associated with low high-density lipoprotein (HDL)-C and elevated triglyceridelvery low- 
density l ~ ~ p r o t e i n  (TGIVLDL) levels (7,14,22,32,50). Ettinger and Kazzard (15) compared 
HDL-C levels in 14 untreated adult females with SLE to controls (49.7 2 3.2 vs. 59 It 2.3 
mg/dL); TG values were not statistically digerent but tended to be higher in the SLE patients 
(87.0 It 8.8 vs. 73.0 2 6.9 mg/dL). Total cholesterol (TC) and LDL values were similar in pa- 
tients and controls. Furthermore, SLE disease activity scores have shown significant negative cor- 
relation with TC, LDL, and HDL$ and a significant positive correlation with TG and VLDL. 
Borba and Bonfa (7) reported that 29% of patients with inactive disease and 79% of patients with 
active disease had HDL-C <36 mg/dL. 

B. Rheumatoid Arthritis 

Patients with RA have significantly increased risk of mortality with a 2.4 times higher incidence 
of cardiovascular death compared with an age- and sexmatched population (63). Variable con- 
centrat~ons OF serum and synovid fluid lipids and lipoproteins have been described in RA (47). 
There appears to be a relationship between disease activity and dyslipidemia; however, h e  ab- 
normalities of lipoproteins itre not consistent (33,35,47,50,56,76). In juvenile RA, low HDL-C 
and elevated TG are reported with active disease compared with inactive disease (33). In adult 
RA, hypocholesterolemia (TC, HDL-C, LDL-C j without an increase in TG has been reported 
(47,76). These patients may have mean cholesterol levels 20% less than controls. In one studys 69 
(predominantly female) patients with RA had significantly lower mean total cholesterol and 
LDL-C Ievcls (187 and 117 mg/dL, respectively) compared with normal subjects (231 and 142 
mg/dL, respectively) and patients with o s t e a a ~ t i s  (222 and I38 mg/dL,, respectively). Further 
analysis of the data showed a statistically significant decrease in total cholesterol, LDL-C, and 
HDL-C in patients with severe disease activity compared with minimal disease activity (45). 

Table I Estimated Effect of Various Factors on Serum Cholesterol (rng%): Multivariate Analysis 

Factor Effect 011 cholesterol (mg%’) Srandar~ error Z-test p Value 

Sex (womcn vs. men) 23.49 7.79 3.02 0.00 L 

Age (YT) 0.83 0.21 4.02 0.00I 
Smoking status (yes vs. no) -5.39 5.53 -0.97 NS 
Weight (Ib) 0.10 0.07 1.40 NS 
Prediiisone dosage (mg/day) 0.75 0.15 5.16 <0.001 
H y d ~ ~ x y c ~ ~ o r o ~ u i n e  -8.94 3.44 -2.60 0.009 

@-Blocker use 6.58 7.37 0.89 NS 

Urine protein 2+ 14.88 6.60 2.25 0.12 
Urine protein 3 - 4  21.26 6.36 3.34 <0.001 

Race (black vs. white) -1 I .59 5.46 -2. I2 NS 

Diuretic use 8.54 4.88 I .75 0.040 

Urine protein, trace to 1+ 1.06 2.58 0.41 NS 

Snurce: Adapted from Ref, 57. 
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In summary, RA is associated with increased risk for CHD and CHD mortality; RA i s  as- 
sociated with a variety of lipid abnormalities. No clear data exist on the contribution of lipid ab- 
normalities to CHD risk in RA. 

C. Other Putative Coronary Heart Disease Risk Factors in Rheumatic Disorders 

Other mechanisms may contribute to CHD risk. Immune complex-mcdiatcd endothelid cell 
damage appears to be involved in the initiation of the atherosclerotic process in the arterial intima. 
Lupus sera contains factors that stimulate the accumulation of cholesterot in the cuitured smooth 
muscle cells of the aorta. These may be the LDL-circulating immune complex bonds formed with 
the ability to promote cholesterol incorporation into the cells (38). Wick et al. (86) suggested that 
an undefined au~oimmune reaction against heat shock protein 60, a m ~ t ~ h ~ ) n ~ ~ a l  protein, ex- 
pressed by stressed cndothelial cells may be an initiating event in atherogenesis. The role of an- 
tiphospholipid antibodies in the production of coronary thrombosis has been suggested as another 
pathogenic mechanism that may enhance atherogenesis, but this is yet to be confirmed. Some 
studies have not shown any difference in frequency or titer of these antibodies between SLE pa- 
tients with and without coronary artery disease (2) .  

Lipoprotein(a), or Lp(a), consists of a particle of LDL-C linked by a disulfide bond to a 
large hepa~cally derived glycoprotein, apo~ipopro~ein(a). Lp(a) has structural similarilies to 
plasminogen and has been identified as a strong independent risk factor for CAD 
(9,43,53,66,7 1,74,80,83). Lp(a) haq been shown lo be increased in patients with SLE compared 
with controls (7) and in SLE patients with myocardial or cerebral i ~ ~ c t ~ o n  compared with pa- 
tients wilhotit infarction (43). No significant relationship between disease activity and Lp(a) was 
observed. 

111. 

A. Antihypertensive Agents 

Drugs causing dys l~pop~o te ine~a  were recently reviewed by Donahoo et al(l1). Many antihy- 
pertensive agents alter lipid and lipoprotein levels (Table 2). P-Blockers (including p-selective 
and non-S-selective agents) raise TG and lower HDL-C levels. Triglyceride levels have been re- 
ported lo increase by 16-46%. The LDL and total cholesterol levels are more variably affected. 
p-Blockers with intrinsic sympa~om~metic activity and those with combined a- and P-blockade 
generally are lipid neutral. Thiazide diuretics may also adversely ,affect lipid levels. Trig~yceride 
levels are most adversely affected, increasing by a p p r ~ ) ~ i ~ a t e ~ y  15%. The LDL-C? and total cho- 
lcsterol levels increase 5 4 % ;  HDL-C is not cons~stently affected. a-Blockers are reported to 
have a beneficial effect on lipids. Generally, total cholesterol, LDL-C, and TG levels decrease 
while the HDL-C level increases. Calcium ch&mel blockers, angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin li antagonists, and centrally acting agents are reported to be lipid 
neutrd. 

~EDICATIO~S USED IN RHEUMATIC DISEASES 
THAT MAY AFFECT LIPID PROFILES 

B. Immunosuppressive Agents 

Among the immunosuppressive agents. glucocorticoids have the greatest effect on lipids and 
lipoproteins (see Table 2) .  Observations from studies of patients with rheumatic disorders on glu- 
cocorticoids show generally consistent increases in total cholcsterol, LDL-C, and HDL-C levels 
with variable TG responses (5,15,16,33-35,4~,SO,SG,58,59,78,89). In the Hopkins Lupus Cohort 
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Table 2 Dyslipidemia Associated with Rheumatic Disease and Its Treatment 

Dyslipidemia in rheumatic disease TC TG RDL LDL 

Rheumatic disorder 
SIX 
RA 

C o m p l i ~ ~ ~ i o ~ s  of rheumatic disease 
Nephrosis 

Treatment regimens 
Thiazide diuretics 
&Mockers 
Alpha blockers 
ACE inhibitors 
Calcium channel blockers 
A n ~ i o € e n s ~ ~  fl receptor blnckers 
Glucocurticoids 

Hydroxychloroqulne 
Gotd 
Azathioprine 

CydOSporine 

n l t u  B 
U U U  U 
n n v a n  

“V = Vmable responses. 

Study, a I O-rng increase in prednisone dosc was associated with a change in serum cholesterol of 
7.5 mg/dL (59). Furthermore, with increasing prednisone dose a continuous increase in the cho- 
lesterol level was reported. Similarly, 23 patients with rheumatic disease (mostly RA) treated with 
prednisone for I month showed statistically signi~icant increases in mean WDL (-34%) and mean 
total cholesterol (12%) levels, while LDL and TG levels did not change significantly (16). Like- 
wise, 10 pediatric patients followed 4-8 weeks on prednisone showed statistically significant in- 
creases in total cholesterol, HDL. LDL and VLDL levels; the most dramatic increase was in I-IDL 
(lOO%, 26 k 6 vs. 52 k 13 mg/dL) (‘22). Ettinger et al. (141, in a study of 32 adult patients with 
SLE created with prednisone showed a trend to higher mcan HDL (53.5 L 3.6 mg/dL) compared 
with untrcaled patients (49.7 2 3.2 mg/dL) as well as increased total cholesterol (214 Lt: 9.2 vs. 

mg/dL). Increased HDL-C has also been reported in giucocortieoid-treated patients with local- 
ized inflammatory reactions (89) and normal healthy men (78). Limited data exist on other 
lipoprotein changes, but glucocorticoid therapy in rheumatic disease has been shown to decrease 
lipoprotein(a) (5). 

Cyclosporine has been shown to cause dyslipidemia in many transplant studies. Generally, 
increases in total cholesterol and LDL levels have been seen with variable responses in TG level 
( I 1 ). Similarly, in patients with amyo~ophic lateral sclerosis (6) and psoriasis (1 31, increases in 
LDL (30%), total cholesterol (2O%), and TG (18%) levels were noted; HDL levels decreased ap- 
proximately 5%. 

Hydroxychloroquine has been shown to decrease cholesterol Levels. In the Hopkins Lupus 
Cohort Shidy (58,Sl) hydr~~xychlor~uine was associated with app~oximately a 9% decline in 
total cholesterol levels. ~ydroxychlor~quine ameliorates the incrcase in cholesterol seen with 
glucocorticoids. Wallace et al. (82) studied women with RA or SLE and reported that women 
treated with hydroxyclrtloroquine and glucocorticoid had lipid levels resembling those of patients 
treated with hydroxycliloroquine done, Much of the effect may be in the T ~ - c o n t ~ n i n ~  moieties 
as Hodis (29) reported a 46% decrease in TG levels. In fact, Munro et al. (56) has suggested hy- 

170 t 6.9 mgldL), LDL-C (1 30 -t- 8,2 VS. 103 t 7.8 mg/dL), and TG (158 1- 11 .O VS. 87 k 8.8 
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droxychloroquine as treatment for rheumatic disease in patients with increased coronary artery 
disease risk factors. 

Azathioprine has not been studied in rheumatic disease, but in renal transplantation has 
been shown to be lipid neutral (28,30,81). In a limited number of studies, gold is likewise thought 
to be lipid neutral or may show a wend to dyslipoproteine~a (56). Nonstcroidaf a n ~ - i ~ ~ ~ a -  
tory drugs (NSAIDs) do not appear to affect lipid levels. No data exist regarding the effects of 
chlormbucil or colchicine on lipoproteins in rheumatic paticnts. 

IV. lNSlGHTS FROM OTHER DISEASES 

Proteinuria is a well-known risk factor for CHD, and rheumatic diseases may be associated with 
renal disease causing proteinuria. Few data on this risk in rheumatic disorders are available. How- 
ever, information from other studies may be applicable. Renal disease, in particular the nephrotic 
syndrome, can cause hyperlipidemia (21,37,42,55,84,85). In the combined results of 16 studies, 
Kasiske (42) found that 90% of nephrotic patients had total cholesterol ievds grealer than 240 
mg/dL, compared with 30% of participants with nonnephrotk chronic renal insufficiency and 
20-25% of end-stage renal disease patients. The dcgree of lipid abnormality is most commonly a 
mixed dys~ipidemia that correlates with disease severity, Other authors (2 f ,3735) have corrobo- 
rated these observations. 

V. LIPID A6NOR~AL~TlES AND RELATIONSHIP 

A. E p i d e ~ i ~ f o ~ i ~ a i  Studies 

Both observational studies and randomized contrcdled trials have looked at the relationship of 
lipid a b n o ~ ~ a l i t ~ e s  and coronary hem disease risk. The Framingh~n Study demons~a t~d  that 
coronary heart disease risk increases with increased total cholesterol, LDL-C, and TG levels. 
Framingham data have demonstrated that low levels of HDL-C amplify the adverse effects of el- 
evated LDL-C, and high levels of HDL-C (e.g., >65 mgldL) abrogate the adverse effects of ele- 
vated LDL-C. Framingham investigators have looked at the impact of multiple risk factors on 
CHD risk. Adding diabetes, hypertension, smoking, and left ventricular hypertrophy to lipid ab- 
normalities progressively increases the observed CHI3 risk (39,4087). Such a clustering of risk 
factors has been reported in a number of observational studies ( 1  0,41,72). 

The Multiple Risk Factor Intervention Trial (MKFIT) screenees cohorc has becn followed 
for more than a decade (73). These data demons~ated that the relationship between total (and 
LDL) cholesterol and coronary heart disease events and mortality was continuous and graded 
across the range of lipid values. Overall risk increases with the addition of other CHD risk fac- 
tors. For example, presence of diabetes nearly tripled the risk of CHD across the total range of 
cholesterol values. 

TO CORONARY HEART DISEASE RISK 

8. lnter~ention Trials: Lipid Lowering 

1. Primary Prevention Trials 
Primary prevention, randonlized double-blind clinical trials in general populaficms havc demon- 
strated reductions in CHD events as a result of lipid lowering (12,19,5 1,701 using different lipid 
strategies, inctuding gcm~brozi~. bile acid sequestrants, and statins across a wide range of lipid 
levels at study entry. Although early studies were done in middle-aged men, more reccnt studies 
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have included women and older subjects. Hence, the results of these lrials, which generally show 
a 2% ~eduction in CHD risk for each 1% reduction in cholesterol should be applicable to those 
patients with rheumatic disorders and no evidence of CWD. 

2. ~ ~ c o n d a ~ y    even ti^^ Trials 
Five major randomized clinical trials evaluated secondary prevention of CHD risk (52,57,62, 
68,69). Four of these trials have looked at LDL-C lowering in patients with documented CHD 
(52,62,68,69) while one recent trial assessed the effects of raising HDL-C (57). These trials have 
used statins (sometimes with a bile acid sequestrant) or a fibric acid derivative. The results of 
these trials show &at LDL-C lowering reduced CHD events, coronary revasc~~ariza~on proce- 
dures, strokes, and, in Fact, all causes of mortality. 

3. € ~ t e ~ ~ ~ n ~ i ~ ~  Trial Resutts in High-Risk Patients 
Several of these studies have demonstrated that benefits of  aggressive cholesterol lowering can be 
demonstrated in high-risk subgroups, such as patients with diabetes mellitus. Data from diabetic 
patients in these trials show the benefits of cholesterol lowering in this high-risk group. In the 
Helsinki Heart Study and AFCAPSPfcxCAPS, diabetic patients in the placebo groups had ap- 
proximately twice the CHD risk coinpared with nondiabetic patients on placebo. However, dia- 
betic patients achieved greater incremen~a~ reduction in CHU risk compared with nondiabetic pa- 
tients (12,46). In the secondary prevention trials, diabetic patients also had comparable or greater 
incremenldl CHD risk reduction with cholesterol-lowering therapy (23,3 1,52,64). 

VI. LIPID-LOWERING STRATEGIES 

A. Dietary Therapy 

Dietary therapy recommended for CHD risk reduction has rocused on reduction of LDL-C. This 
i s  largely because intervention trials hdve supported the benefits of such LDL-C reduction. The 
current National Cholesterol Education Program (NCEP) (l7,lS) and American Diabetes Asso- 
ciation (ADA) (4) dietary guidelines recommend as a first step total fat intake of ~ 3 0 %  of total 
calories with 40% from saturated fat and total daily cholesterol intake 4300 mg. Step 11 is total 
fat intake <20% of total calories with 47% from saturated fat and total daily cholesterol intake 
~ 2 0 0  mg. There is still uncertainty about wbcther this same dietary modification should be rec- 
ommended in populations who are at risk for elevations for TG, This is certainly the case in peo- 
ple who have diabetes that is either genetically determined or unmasked by glucocorticoids. 
Some data suggest that a "Mediterranean'" diet with decreased carbohydrate and increased mo- 
nounsat~ra~ed fat intake may have better efficacy in such patients (4). Alcobol intake has also 
been an unresolved issue. There are data that indicate that alcohol increases TG concentrations in 
persons with a familial predisposition to hyperh-iglyceridemia. Therefore, avoidance o f  excess al- 
cohol has been recommended for patients with high plasma TG levels. The epideniiological data 
to suggest that there may be benefits in this reduction for coronary heart disease have not (and 
likely never will be) corroborated by intervention trials. Therefore, fewer than two drinks daily 
are likely safe in patients without h y ~ ~ ~ ~ ~ y ~ e r i ~ e m ~ a ~  hypertension, or other risks associated 
with alcohol use. However, the data are too limited to recommend alcohol intake as a dietary pre- 
scription. 

B. Secondary Dyslipidemia 

Dyslipidemia is associated with other disease processes-some of which may also be associated 
with rheumatic disorders, H ~ o t h y r # i d i s ~  elevates both LDL-C and TG levels. If a screening 
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~yroid-s~i~ula t ing  hormone (TSH) level is high, treatment with thyroid hormone replacement 
prior to other lipid-lowering pharmacotherapy is advisable. Diabetes mellitus, especially Type I 
diabetes, may be associated with other autoimmune syndromes. Insulin-resist~t diabetes may be 
associated with glucocorticoid and cyclosporin use. When dyslipidernia is associated with sub- 
optimal gf ycemic control, m a n ~ g c ~ e n t  of the gIucose may be associated with improveme~t and 
TG and HDL-C levels. Reduction in dose of other medications contributing to the lipid abnor- 
malities may also result in an improvement in the lipid profile. Therefore, inte~ention strategies 
with medications need to take into account the effect of dosage adjustment in the therapies for the 
rheumatic di sorder. 

C. ~ ~ d ~ c a t ~ o ~ s  (17,18,20,2~,4~) 

Four major classes of medications for lipid lowering currently exist, including ~ a c i ~ n i c o t ~ ~ c  
acid, fibric acid derivatives, bile acid sequestrants, and statinslHMG CoA reductiise inhibitors 
(Table 3)- Efficacy and common side effects of each class are discussed below. 

1. Niacin 
Niacin lowers TC concentrations by 3040%. When used for isokated elevation of LDL-C (nor- 
mal TG), 15% reduction of LDL-C levels may be achieved. Niacin has the greatest efficacy of aH 
the medication classes in raising HDL-C levels. Currently, the recommended doses are in the 
range of 1-3 g per day. R e g ~ ~ ~ ~ r e l e a s e  niacin is preferred over sus~in~d-release niacin because 
the efficacy is slightly greater than with the sustained-release form, and the risk for severe hepa- 
totoxicity is less. Flushing may be worse with regular-release ~ r e ~ ~ a t i o n s .  Other adverse effects. 
including gastrointestinal (GI) disturbances, increase in uric acid and, modest effects on raising 
blood gtucose, are c o ~ p a r a b ~ e  for both preparations. The usual strategy is to start with a 100-mg 
dosc twice a day with nreals (often preceded by aspirin), with progressively increasing doses over 
a period of days to weeks to 1 to 1.5 g pa- day in divided doses. If desired ljpid~ip~protein tar- 
gets have not been achieved, then combination therapy is a consideration (see below). 

Niaspan (KOS, Miami, FL), a con~ro~ed- re l e~e  form of niacin, is an acceptable alterna- 
tive to regular-release preparations. Niaspan is given at bedtime, is associzted with less flushing 
than regular-release niacin, and its use has not been associated witk serious hepa~otoxic~~y. 

2. Fibrates 
The commonly used fibric acid derivatives in the United Slates include gemfibrod and fenofi- 
brace. ( ~ ~ ~ a f i b r a t e  is widely used in many other parts of the world.) Fibrates have their major ef- 
fect on lowering TG concentrations. When markedly elevated TG levels are reduced, there is a 

Table 3 Lipid-Lowering Medications: Effects on Lipid and Lipoproteins and Cornmon Side Effects 

'Total HDL I ,DL 
Medication cholesterol Triglycerides cholesterol cholesterol Side effects 

Niacidnicotinic acid u- vou- fil?fi Rushing, pmritis, in- 
creased glucose, acan- 
thosis, hepatotoxicity 

F i ~ r a t e ~ ~ b r i c  acid u- UJl fifi Variable GI d ~ ~ ~ ~ r b a n c ~ s ,  hepatotox- 
derivatives Effects icity, myositis, myalgias 

Bile acid seqyestrants 411 n e3 &u C~~nstipa~ion, bloating 
StatinsIHMG CoA vu-U #Jl e3fi WJJ Hepatotoxicity, rnyositis, 

reductase iiihibitors inyalgias 
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corresponding increase in WDL-C concentration. Fibrate effect on LDL-C levels is variable. 
When TG levels are high before treatment, then reduction of TG will hc associated with increas- 
ing LDL-C levels. When TG levels are only miidly elevated prior to ~eatment, then fibrates m y  
have no effect on LDL-C levels or even cause a modest LDL-C reduction. Adverse effects of fi- 
brates are uncommon and include mild abdominal discomfort, occasional liver enzyme abnor- 
malities, and, rarely, myosilis. 

3. Bile Arid Seqzlestrants 
The common bile acid sequestrants include cholestyramine and colestid. Both we available in 
powder form and colestid is available in tablet form, The major e ~ e c t  is on LDL-C reduction. Their 
use is associated with a mild increase in TG levels and a neutral efl'ect on HDL-C levels. Adverse 
effects include constipation and bloating. These symptoms tend to improve over time and can be 
reduced if a powder (which is usually mixed wirh water or some other liquid) is sipped rather than 
gulped. Because the resins bind not only bile acids (and the associated cho~estero~), but also other 
medications, resin ingestion must occur at a separate time than ingestion of other medications. Ide- 
ally, this separation should bc several hours. This is a limiting factor for patients with complex 
medical problems in whom several medications may be used in therapeutic regimens. 

4. S ~ ~ ~ ~ s ~ ~ ~  CoA Rductase Inhibitors 
Statins havc their major effect on LDL-C reduction. At highcr doses, statins are associated with 
reduction in TG levels as well. Low doses of the oldest available statin (~ovasta~in~ may be asso- 
ciated with 10% reduction in LDL-C levels. There is a log liiiear dose-response curve for most 
of the statins. There is v a ~ a t ~ o n  in potency, with atorvastatin and rosuvastatin having the greatest 
potency, which may achieve LDL-C reductions of 50% or greater. The adverse effects of statins 
are infrequent and include liver enzyme abnormalities. At low doses, less than 1% of patients will 
have an abnormal increase in serum liver enzymcs. At higher doses, such signs of hepatotox~city 
occur in S2% of  cases. Myalgias and myositis are rare. Of interest i s  the fact that in double-blind 
clinical trials, patients rarely discontinued medications because of mydgias. This i s  in contrast to 
clinical experience where patients more commonly discon tinuc medication for muscle aches. In 
addition to myositis, peri~rticular pain may occur in patients who are physically active. Involved 
sites includejoints used in physical exercise, e.g., shoulders for swimmers, or hips, knees, and an- 
kles for runiiers. Routine screening with creatine kinase (CK) is rarely indicated. A reasonable 
approach to determine if inyalgias are related to medication is to discontinue medication iind as- 
sess the effect on joint pain, and then r e c h ~ l ~ ~ i g e  (often starting at a lower dose or with a differ- 
ent statin). En patients with rheuinatic disorders, this may be a particularly difficult situation. 
However, in general, joint and muscle pain is more likely to be related to their rheumatic condi- 
tion than to the use of the statin. 

5. ~ ~ ~ ~ i n ~ t i o n  Therapy 
For patients who have mixed dys~ipidemias, i.e., elevations of both TG and LDL-C levels, several 
medication combinations may be effective. These include niacin and bile acid sequestrants (a 
c o ~ m o n  approach prior to the availability of the statins), tibric acid derivatives plus bile acid se- 
questrants, niacin plus statins, ar fibric acid derivatives plus statins. Each of these combinations 
will have efficacy that is additive in lipid lowering. Adverse effects are related to the individual 
medications being used. The combinations of niacin plus the slatiiis or fibric acid derivatives plus 
the statins ixe more likely to be associated with liver enzyme abnormalit~es or myositis. Patients 
need to be warned about these adverse effects even though thcy occur in less than 10% patients, 
and probably closer to 2-5%. For patients with pure LDL-C abnormalities, niacin combined with 
a bile acid sequestrants or statin, or a statin plus a bile acid sequestrant are very potent in lower- 
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ing LDLC levels. Adverse effects are related to the individual medications. Dosing of the bile 
acid scquestrants needs to be separated tcmporally from the associated lipid-lowering therapy. 

6. Other Considerations in Dyslipidemia 
There are a number of other disorders and medications that may have effects on lipid lowering. 
As noted previously, ~ ~ o t ~ y r o j d  patients should have thyroid hormone (most commonly 
levothyroxine) ad~injstered to achieve a euthyroid state bcfore other ~~~ id - lower~ng  thcrapy i s  
initiated. Tn patients with diabetes mellitus (either primary or as a result of glucocorticoid use), 
gl ycemic control is often associated with improvement in TG concentrations. Improvernent in hy- 
p e r ~ r i g l y c e ~ d e ~ ~ a  has been associated with every class of glLIcose-lowe~ng medicat~o~~, includ- 
ing sulfonyiureas, biguanides, thiazolidinediones, carbohydrase inhibitors, metiglinides, and in- 
sulin. For postmenopaucusal women, estrogen therapy i s  associated with increasing HDL-C and 
lowering LDL-C levels. Estrogen use may be associated with a modest increase in TG (although 
this may be part ol a larger VLDL moiety that is less a~erogenic). P s y ~ ~ u m  as a soluble fiber 
when taken in high quantities is associated with modest LDL-C lowering. Fish oil capsules con- 
taining omega-3 polyunsaturated fatty acids are useful in selected patients with hypertriglyc- 
eridemia-usually refractory to other diet and medication treatment. Palatability liinits fish oil 
iise in routine clinical practice. 

VIi. T R ~ A ~ ~ E N ~  OF PATIENTS WITH RHEU~ATIC DISEASE 
AND LIPID A ~ N ~ R ~ A L I T I E S  

Cumulative data indicate that high-risk patients for CHD accrue greater benefit from aggressive 
cholesterol lowering, Hence, the Na~iona~ Cholesterol Educat~onal Program Adult T r e a ~ e n t  
Panel guidelines have recornmended lower LDL-C targets (less than 100 mgfdl) for patients with 
CWU compared with those with two or more risk factors but without coronary artery disease (Less 
than 1 30 mg/dL) (Table 4). Ongoing inves~gations are addressing whether patients with coronary 
artery disease should actuafly have an LDL target of less than 75 mg/dL. Furthermore, thc Amer- 
ican Diabetes Association has recommended that diabetic paticnts (cven without known CHD) 
have LdDL-C targets of less than 100 mg/dL. This is based on the observation that diabetic patients 
without known CHD have the same risk far a coronary event as nond~~bc~ ic  patients with estab- 
lished CWD. It has become common clinical practice lo use the same strategy in other very-high- 
risk patients without CHD, e.g., familial dyslipidemlas, fanily history of very early coronary 
heart disease, or very high levels ofLp(a). Modcls for CHD risk assessment have been developed. 

Table 4 LDI, Cholesterol Targets in Patients Based on CND Risk Factors and Presence of CHU 

Risk Factorsa 
NCEP guidelines. AItemative approach, 

mg/dL ( 17,18) mgidl, 

<l 
22 
CHI3 
fJigh-riskb patients without known CBU 
High-riskh patients with CHD 

€160 
<I30 
<I00 

4 6 0  
4 3 0  
€100 
< 100 

<75 mg/dl 

"Risk factors incltrde male gender, h ~ e ~ e n s i o n ,  diabetes metlitus, family history of CND, and obesity ( I  7,18). 
'High risk includes patients wth diabetes mellitus (4.26), elevated Lp(a) (SI), very strong faniily history of premature 
CIID, and selected rlieurnatic disorders (SLE, RR) 
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More aggressive Iipid-lowe~ng therapy for patients at high risk has been proposed { l,4,17, I 8, 
24,25,26,53). Although rheumatic diseases such as SLE and RA hive not been included in these 
models, the concept of aggressive LDL-C lowering seems applicable to these high-risk groups. 

The benefits of lipid lowering (in randomized clinical trials) are usually evident within 2 
years of therapy. More aggressive cholesterol lowering may accrue benefit within 6-12 months. 
Investigations are underway to determine whether there may be acute benefits to cholesterol low- 
ering that are mediated through a~heromatous plaque stabilization. Patients who are at high risk 
for coronary disease, such as those with SLE, should be approached with a similar aggressive 
strategy. If lipid abnormalities are associated with glucocorticoid or cyclosporine therapy, and if 
chronic use (>I year) i s  anticipated, then lipid-altering strategies should be implemented. The ra- 
tionale €or &is approach is based on benefits of lipid lowering seen in other high-risk populations. 

A. General Therapeutic Strategies 

Most patients with rheumatic disorders are likely to have a mixed dyslipidemia. Dietary strate- 
gies, evaluation for secondary conditions that alter the lipid profiles, and treatment with lipid-low- 
ering medication should be based on the nature of the primary lipid disorder. If LDL concentra- 
tions are clearly elevated and TG levels are normal or mildly elevated ($300 mg/dL), then a 
strategy addressed at lowering LDL-C levels (such as the stalks) should be the first choice. If the 
LDL concen~~atioii$ remain high with maximally tolerated doses of statins, then fibric acid de- 
rivatives or niacin may be added to lower LDL-C and any residual elevation of TG levels. As 
noted above, these combinations may be more difficult to use in patients with rheumatic problems 
because of the uncertainty about muscle and joint aches, which may be associated with these 
combinations of medications. If the major abnormality i s  an elevation of TG, the fibric acid de- 
rivatives are the therapeutic medication of choice. Rarely will there be any confounding interac- 
tion with the underlying rheumatic disorder or associated therapeutic strategies. Niacin is di ffi- 
cult to use in r h e u ~ a ~ i c  disorders. Associated GI side effects (especially iXt patients taking 
nons~e ro i~a~   ti-in~ammatory agents), elevations of  uric acid (which may precipitate gout), el- 
evations of glucose (which may be additive to effects of glucocortieoids), and systemic symptoms 
of flushing and muscle aches may confound the clinical picture of the underlying rheumatic dis- 
order. 

Bile acid sequestrants are rarely the drug of choice for patients with rheumatic disorders be- 
cause of limited efficacy and intederence with the absorption of ~edications. Statins are well tol- 
erated, have greater potency at lowering LDL-C levels and have an excellent safety profile. Drug 
interactions with statins are less of a consideration. Bile acid sequestrants may be necessary as 
additive therapy with the statins to lower LDL-C levels when statins alone are insufficient to reach 
LDL-C targets. Rile acid sequestrants are useful when statins are riot tolerated. It is important to 
recall that bile acid sequestrants must be taken at times separate from those medications used for 
antirheumatic therapies, 

VIII. SUMMA~Y 

Selected patients with rheumatic disorders may be at increased risk for coronary artery disease. 
Dyslipidemia may occur as a rcsult of the underlying disorder, associated diseases, and thera- 
peutic inre~ven~ions. The nature of the lipid a b n o ~ a ~ i t y  determines approp~a~e  therapy that may 
include diet, treatment of associated disorders, and primary lipid-lowering therapy. Aggressive 
lipid lowering for both LDL-C and TG i s  justified in patients at high risk of coronary disease. This 
includes patients with rheumatic disorders. 
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~ o ~ s i ~ e r a t i o ~ s  for Novel Therapies 
in the Fut 

The small-vessel vasculitides are suitable paradigms for new forms of therapy in autojmi~une 
disease. They are treatment-responsive and many components of the immune and infiamatory 
systems are involved in their pathogenesis, In particular, there is convincing evidence of T-cell 
and autoantibody contributions to injury. Today’s drugs are usually effective-a semission sate of 
93% was achieved in a recent study of generalized systemic vasculitis-but concern to avoid re- 
lapse neccssitates prolonged therapy, and drug toxicity is almost universal (1,2). Even in “expei-t” 
centers, severe adverse effects of therapy in systemic vasculitis occur in one-quarter of patients, 
and there is an appreciable t rea~~~~nt-related mortality, especially in the elderly (2,3), Current 
therapy rests on the combination of  steroids with cytotoxic drugs and regimens continue to be re- 
fined in order to maintain efficacy and minimi~e adverse effects (43). Newer approaches to tseat- 
ment have arisen from a growing understanding of the pathogenesis of vasculitis and from the de- 
velopment of imunotherapeutic drugs with specificity for circulating agents or membrane 
receptors. The use of synergistic combinations of existing and newer immunosuppressive diugs 
allows improved efficacy with seduced toxicity. Finally, more sophisticated subgrouping at diag- 
nosis according to prognostic markers and risk for drug toxicity will facilitate “tailored” proto- 

The goal of ~ e a t ~ n e n t  for an i in~i~ine-me~ated disease is an interventioii that has s p e ~ i ~ ~ i t y  
for the deregulated processes that arc causing injury, “specific immunotherapy,” and the ability to 
prevent recurrence by induction of tolerance to the psovoking factors. Specificity implies that 
physiological mechanisms, such as the ability to fight infection, are unaffected and the treatment 
will have low associated toxicity. 

cols (5 ) .  

Current hypotheses lor the p a ~ o g e n e ~ i s  of vasculitis in a u t o i ~ ~ u n ~ ~ y  give a centrd role to the 
T cell. The B-cell response has the characteristics of T-cell control with affinity maturation and 
isotype switching; activated T-cells are present at sites of injury and there are restrictions in the 
T-cell receptor (TCR) repertoire; also, T-cells from patients demonstrate proliferation to antineu- 
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tropliil cytoplasmic antibody {ANCA) antigens (6-14). T cells have been identified in giant cell 
arteritis that infiltrate and damage vascular structures in response to vascuiar antigens (15). Fur- 
ther evidence for the primacy of the T cell comes from treatment: cyclosporin, antithyinocyte 
g ~ ~ ~ b u l i ~ ,  and T ce~~-depl~tiI~g monoclonal antibodies, which have Icd io remission in vasculitis 
(16-1 9). Strategies l'or controlling autoreactive T cells can be classified according to their mech- 
anism of action (Table I > .  

Direction of T-cell imunotherapy toward the trimolecular coniplex, comprised of the TCR, 
major hislt3cornpatibility complex (MHC), and autoantigens, could confer specificity for the au- 
toreactive response: of these three molecular structures, the MNC appears least useful because 
MHC restrictions, at least in small-vessel vasculitis, are weak or not present at all, implying pres- 
entation of antigen by m ~ I ~ i p l e  MHC aftcles (20-22). Res~ct ions of both V a  and Vp TCR gene 
usage have been demonstrated in circulating T cells from patients with active disease but not from 
bronchoalvcolar lavagc (8-1 0,23). A common TCR-Vp complementarity-determining region 
~ C ~ ~ 1 3  sequence has been identified in T cells from vasculitis patients; the CDR3 region is the 
major peptide antigen binding site and is highly polymorphic. This restriction implies a common 
vascuiilis T-cell antigen response and potential new target for therapy (9). Although several 
groups have identified T-cell proliferative responses to the ANCA antigens, proteinase 3 (PR3), 
md myeloperoxidase (MPO), the antigenic peptides participating in pathogenic responses have 
not been identified ( I  3,141. Where antigenic peptides have been identified in other autoiinm~ne 
processes, immune manipulation with artificial peptide antigens can suppress the pathogenic re- 
sponse and tolerize the host to the a ~ ~ t o ~ t i g e n  (2425). 

There is evidence for T-cell stimulation by microbial antigens in the etiology of Kawasaki 
disease, a systemic vasculitis ol' young children (26). This results in expansion of T-cell families 
bearing the BV segments recognized by the superaiitigen. Binding of s u ~ e r ~ n ~ i g c n  lo the BV re- 
gions on the TCR can be inhibited by pooled intravenous immunoglobulin {IgIV)> which contains 
antibodics that compete for the same sequences resulting in abrogation of T-cell activation 
(27,213). Supcrantigens have been proposed to play a role in Wegener's gmnulomatosis where in- 
fection of the upper respiratory tract is a frequent occurrence (29). Nasal colonization with 
~ ~ ~ ~ ~ ~ ~ l ~ c ~ c c ~ ~ ~ s  (xw-eus i s  ass(3cia~ed with disease relapse, and this organism produces sevcral su- 
perantigens capable of activating human T cells (30-32). It is unclear whether this niechanism 
pertains to ctiflical i ~ ~ ~ r o v e ~ ~ e n t s  seen in Wegener's patients after IgIV or s u l f ~ e t h ~ x a ~ o l e /  

~~~~~ 2 

Mcchanism Target Agent 

Antigen presentation T-cell receptor Blocking peptides 

~ ( ~ s ~ i m L ~ l a ~ ~ o n  CD4 Anti-CD4 ~ n o n d ~ p ~ ~ t i n g ~  

T-cell Targets for Iinniuno~~era~y in Vasculitis and Potential New T n ~ ~ ~ e n ~ i o n s  

Superantigen IgIV 

CD40:CI)4OL Anti-CD40L 
CD28/CTILA4:CD80 1 86 CTLA4Ig 

T-ceI L ~ ~ o I ~ ~ e ~ ~ ~ i o ~  11,-2 Anti-It-2 receptor 

T-cell depletion CD52 AntLCD52 
Cytokine regulation Thl :Th2 counterregulation IL- 1 OFC 

CD4 Anti-CD4 ~ d e p l e t i n ~ ~  
Xrnrnunoabl ati on 
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trimethoprirn (33-33. Control of staphylococcal infection is a likely explaiiation for success with 
antibiotics in Wegener’s granulomatosis and has prompted investigation of long-term topical an- 
tiseptics to prevent bacterial colonization (33,36). 

€3. T-CeII ~ ~ ~ l i f ~ r a ~ i o n  

Activated T cells release interleukin-:! (IL-2) and express the IL-2 receptor OL-2r), and prolifer- 
ation is dependent on JL-2:IL-2r interaction. Soluble IL-2r {sfL-Zr) levels correlate with disease 
activity in Wegener’s granuloniatosis and remain elevated during remission, pointing to contin- 
ued T-cell dysre~L~~ation despite clinical inactivity (3738). ~ e l ~ n i i n ~  evidence from the use of 
cyclosporin in vasculitis points to the value of suppressing UL-2-mediated T-cell proliferation aiid 
suggests that more-specific agents could also be successful (1 6,173. Mo~ocIona~ anti-II.-21- has 
suppressed the induction of experimental autoimmunity and has recently been licensed for use in 
hurnan solid organ allografting (39). In combination with conventional immunosuppressive ther- 
apy, anti-IL-2r antibodies fkiher reduce allograft rejection rates without adding to the risk of op- 
portunistic infection, and short-term use leads to suppression of IL-2r expression for several 
months (40). Such therapy may cont~bL~te to T-ceIl control i1.r vascufitis but so far has only been 
explored in animal models. 

C. T-cell Costimulation 

An alternative approach to the T cell i s  by in~iibition of costim~lntory m e c ~ n i s ~ s  required to 
producc a proliferative response, which include CD4, CD28/CTldA4:CD80 186, and CD40:CD40 
ligand (CD40L, CD 1.52) (411, Use of a n ~ ~ n d e p ~ ~ t i n g  anti-CD4 antibody has led to allograft tol- 
erance in animal models and has contributed to sustained remissions in human vasculitis (19). An 
~ m i ~ u n ~ ? ~ I o b u ~ n  antigen conjugate, CTLA4Ig, effectively inhibits CD2WTLA4: CD80186 in- 
teractions and prevents allograft rejection and experimental nephritis. Interestingly, T-ceil CD28 
expression is inversely correlated with disease activity in Wegener’s granulomatosis, and patient- 
derived T-cell lines do not express CD28, suggesting that the CD28:CD80186 interaction i s  less 
significant to this subgroup of vasculitis (42-44). The CD40:CD40L interaction has various roles 
including T-cell costirnulation and T ceI~-depende~it B-cell activation, and antibodies to CD40L 
block allograft rejection, a T cell-mediated process (45). Marked upregulation of CD40 and 
CD40L on T and B cclls in hurnan systemic lupus e ~ t h e ~ n a t o s ~ € s  has prompted studies with anti- 
CD40L antibodies previously shown to reverse disease and reduce autoantibody levels in animal 
models (46-48). Inflamed tissucs also express CD40L, for example, in the gut in Crohn’s disease 
and in the kidney in inflammatory renal disease; this upregulation of CI340L is likely to contribute 
to local augmentation of infkmmation and cytotoxic T-cell injury (49,50). Blockade of multiple 
cc)stimula~ory interactions can act synergistically, potent~ati~g the therapeutic effect (42). How- 
ever, costimulation i s  n fundmental principle of adaptive immune responses and its blockade 
could have profound ji~~unosupp1-essi~r~ effects. 

D. T-cell ~ ~ p ~ e ~ ~ o n  

Monoclonal anti-T-cell depletion with antLCD52 (CAMPATH-IH) has led to remissions in We- 
gener’s ~ranulo~natosis, ANCA-positive arid -negative p o ~ y ~ t ~ ~ i t i s ,  and r h e u ~ a t o ~ d  vasculitis 
( 19,Sl). Cytototoxics were withheld prior to antibody therapy and the remissions allowed the sub- 
sequent pr~~grammed removal of corticosteroids. Transient improvcment to CAMPATH-IH has 
been observed in other autoimmune conditions, including rheumatoid arthritis and multiple sclc- 
rosis (52,53). The CD52 antigen is abuiidantly expressed on T cells and is not subject to down- 
regulation, as occurs with CD4, and total lymphopenia is rapidly obtained (5 1 >. Lymphopenia 
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after a single course is usually prolonged but serious oppor~n~s t ic  infection and lyinphoma have 
been rare. Return of CD4+ T cells often presages relapse, indicating the lack of specificity of this 
~ e a ~ e n t  for autoreactive T cells, but disease relapses have responded to repeated dosing (51). 
Antithymocyte globulin (ATE) has induced sustained remissions of refractory Wegener’s granu- 
Ictrnatosis for over 1 ycar in a small number of patients without prolonged lymphop~nia ( I  8). 

A more radical approach to T-cell depletion for severe autoimmunity has been immunoab- 
lation with stem cell rescue (54). In theory, this technique destroys all autoreactive T cells with 
the hopc that the immune system regenerates from previously isolated CD34+ stem cells in a 
more tolerant form (54). Clearly, it does not reverse genetic factors relevant to disease etiology 
and total T-cell removal appears difficult to achieve, with some T cells surviving immunoablation 
and others contaminating the graft. The European Bone Marrow Transplant Registry has reported 
an overall 1-year patient survival of 9% from a populatio~ of 74 patients with various autoim- 
mune diseases, including three with vasculitis (55). Allogeneic transplantation currently carries 
too high a morbid~ty to be considered for treating human autoim~une tiisease, but has prevented 
spontaneous vasculitis in a genetically prone animal model (56). 

E. T-Cell Regulation by Cytokines 

Controversy exists as to the importance of T-cell counterregulatory networks in vasculitis: exper- 
imental models with Th-2 dominant responses are associated with ANCA production and vas- 
culitis; conversely, hunuman vasculitis is often associated with granuiomata, a Th-l phenomenon, 
and T-cell lines derived from biopsies of vasculitic inflainmation in Wegener’s granulomatosis 
have all had a Th-I phenotype (57,58). It has been postulated that this bias results from excess 
macrophage IL-12 release that can be reversed in vitro by interleukin 10 (IL-10) (58). Fusion of 
DL- 10 with an immunog~o~ulin fragment has produced a stable compound capable of suppress- 
ing Th- 1 responses and Th- l-mediated autoiinmunity in experimental animals; clinical studies in 
vasculitis are awaited (58,591. However, the relevance of Th-I :Th-2 balance to human vascu~~tis 
i s  unlikely to be simple; in Kawasaki disease IL-10 levels are associated with inflammatory ac- 
tivity, and human lgG ANCA induces a Th-2 immune response and vasculitis in e x ~ r i m e ~ t a l  an- 
imals (60,61). Other interventions that have selectively biased Th- 1 :Th-2 regulation toward a 
Th-2 phenotype include Ihalidomide, pentoxifylline, and CTLA4lg (62-64). 

F. The Ant~globuli~ Response 

A potential problem with biological agents is the development of antibodies in the patients that 
neutralize the effect of subsequent treatments and can lead to serum sickness reactions, observed, 
for example, with antithymocyte globulin. Recombinant technology has allowed the generation 
of “humanized” and chimeric antibodies in which this difficulty is greatly reduced (65). However, 
an antiglobulin response is still detectable in a proportion of patients that has stimulated strate- 
gies, i n c ~ u ~ n g  c o n c u ~ e n ~  ~m~unosuppression, to prevent forma~ion of, and plasma exchange to 
remove, antiglobulin antibodies (5  l,66), 

111. SPECIFIC I ~ ~ ~ N O T H E R A P Y  B CELL AND AUTOANTIBO~Y 

A. I3 Cells 

Autoantibody-producing R cells can be targeted by &he B-cell receptor, surface-bound im- 
munoglobulin defined by its antigenic specificity or idiotype. Were a dominant idiotype to be 
demonstrated for ANCA antibodies, monoclonal antiidiotype antibodies might become a realis- 
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tic treatment. Monoclonal anti-idiotype (anti-id) antibodies have been produced that have the po- 
tential to interact with ANCA-secreting 3 cells; the 5f7 anti-id reacts with an idiotypc present on 
PR3-ANCA from 50% of Wegener’s granulomatosis patients, which inhibitcd the PR3-ANCA 
binding of 1 1/19, 5/7 Id-positive sera, and the 7F2C11 anti-id detected a cross-reactive idiotype 
in four MP~-AN~A-positive sera not present in controls (67.68). idiotypic network theory pro- 
poses that autoimmunity results from a failure of physiological suppression mediated in health by 
naturally occurring anti-idiotype antibodies (69). Circulating anti-idiotype antibodies reactive 
with PR3-ANCA and MPO-ANCA occur in both patients and notma1 individuaIs, which lends 
support to this thcory (70-72). Idiotypic suppression of autoreactive B-cell activity has been pro- 
posed as a mechanism for IgIV and has been found in other autoimmune conditions, such as 
anti-factor VfII disease (73). Igni also contains ANCA ~ ~ i ~ o t y p e  activity, and falls in ANCAs 
have been observed in certain, but not all, patients after IgIV. It is unclear whether this is a dircct 
effect on ANCA production or mediated via cytokines or an influence on autoreactive T cells 

Depletion of B cells, analogous to T-cell depletion above, has been performed by anti- 
CD20 inonoclonal antibodies in B-cell lymphoma patients and might havc a role in vasculitic sce- 
narios where autoantibodies predominate (75). 

(70-74)” 

8. A ~ t o ~ ~ t i b o ~ i ~ ~  

There is evidence that ANCAs contribute to the pathogenicity of those vasculirides where they 
are present, through neutrophil activation, blocking protease iiihibi~ors and promoting endothe- 
l id  injury (76-81). Experimental models have also demonstrated a role for ANCAs in cresccntic 
nephritis and pulmonary capillaritis; both presentations are closely associated with ANCAs in 
human disease (82,83). Physical removal of ANCAs by plasma exchange mighl explain the im- 
provement reported in earlier studies of crescentic nephritis not associated with antibodies lo 
glomerular basement membrane, and this forms the subject of an ongoing trial (5,84). Plasma 
exchange also removes coagulation factors and cytokines, and nonspecific j ~ u n o g l o b u ~ i ~  de- 
pletion provokes a rebound in antibody synthesis, including autoantibodies. Selective immuno- 
absorption is a logical development of plasma exchange that aims to remove the circulating com- 
ponent alone w~thout d ~ p l e t i n ~  other plasma proteins and a v o ~ ~ n g  the need for their repla~emen~. 
Semiselective removal of i~unogIobul ins  by adsorption against protein-A, heterologous anti- 
human IgG antibodies, or the charged amino acids tryptophan and phenylalanine has been applicd 
to limited numbers of patients with vasculitis receiving concunent immunosuppression (85-89). 
A randomized-controlled trial of 44 patients with renal vasculitis found similar efficacy between 
plasma exchange and protein A imniunoadsorption; both treatments reduced ANCA levels (89). 
Allergic adverse cffects to protein A occur, with skin vasculitis being reporled (90). The avail- 
ability of recombinant ANCA antigens rccognized by the majority of ANCA-positive sera has 
raised the possibility of autoantibody-specific immunoabsorption (91). In vitro study has con- 
firmed the practicability of this t r ~ a t ~ e n t  in ternis of the affinity of MPO-AN~A binding to the 
recombinant proteins and the capacity of columns containing relatively small quantities of pro- 
tein (SO mg) to deplete circulating ANCAs (92). Theoretical advantages of this approach are the 
preferential removal of ~ i g h - a ~ n i t y  autoantibodies, which have been associated with disease ac- 
tivity in vasculitis, the removal of other isotypes in addition to IgG, and the avoidance of hy- 
pogammaglobulinemia (6,7,93). 

The antigenic targets for ANCAs are proteoiytic enzymes, capable of organ damage in the 
absence of an immune response, whose activity is normally controXIed by protease inhibitors, 
specifically, 1 -antitrypsin for PR3 and ceruloplasmin for MPO (94-96). Bincling of ANCAs to 
PR3 or MPO impairs protease inhibition, prolonging enzymatic activity, and this mechanism has 
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been proposed to explain the increased severity of PR3-ANCA-associated vasculitis in patients 
with I -antitrypsin deficiency (803 1,94). Pharmacological supplementation of protease inhibitors 
is feasiblc but has not been explored in vasculitis. 

The endothelium can be regarded as one target tissue in vasculitis; injury is dependent on inter- 
action betweeti the endothelium and circufating leukocytes, and a pathological hallmark of vas- 
ctilitis i s  the in tiltration t~ou&hout  vessel walk of neutrophil and niont3nucle~r leukocytes. Sev- 
eral stages in this process are amenable to therapeutic intervention, including leukocyte 
migration, endothelial cell activation, and leukocyte adhesion. 

cyte A t ~ r ~ c t i o ~  

The neutrophil chemoattractants C5a, interleukin-8 (IL-8) and transforming growth factor-P 
(TGF-I)) are present at increased levels in vasculitic sera, and as ANCAs stimulate monocyte JL- 
8 release and TGF-f3 activation, these factors serve to amplify inflammation through a positive 
feedback loop (97-99). Two potenlial treatments have been explored in experimental models: an- 
tihodics to C5a reduce dqosilion of the membrane terminal attack complex (C5-9) and inhibit 
e u d o ~ l ~ e ~ ~ a l  NF-KB ~ ~ n s l ~ c a t ~ o n  and adhesion molecule expression in models of complement- 
mediated endothelial cell injury, while anti-lt-8 monoclonal antibodies reduced tieutrophil mi- 
gration into sites of vasculitis and consequent injury (57,100,101). 

The interaction between leukocytes and the endothelium is mediated by receptor-counlerreccptor 
pairs on i n ~ a ~ ~ a t o ~  and endo~eljal cells that govern not only ceilular adhesion and traffic but 
also celtufar activation, and play a role in many a u t o i ~ u n e  processes (102). Antiadhesion ther- 
apy has been shown to abrogate inflammation in models of  human inflammatory disease, includ- 
ing antigen-induced arthritis, ischemia-reperfusion injury, and rcnal allograft rejection, and in pa- 
tients with r ~ e u ~ ~ o i d  ~ r i t i s  treated with ant~-in~~rce~luIar adhesion molecule 1 (ICAN- l) 
(103). ~ ~ p r ~ ~ u l a t i o n  of the neutrophil integrirr CDl8 and endothelial adhesion molecules, includ- 
ing E-selectin and vascular cell adhesion molecule (VCAM), is induced by ANCAs, and neu- 
trophils from patients with active vasculitis have increased neumphil CD 18 expression (79,105). 
CD18 also plays a crticial role in ~ransendo~eI~a1 ~~i&rat ion of T cells as well as being an acces- 
sory rnulcculc for T-ccll acthation, and CD18 blockade induces tolerance in a cardiac allograft 
modcl (106). A huni,mized anti-CD18 monoclonal antibody has been given to five patients with 
refractory vasculitis with apparent clinical benefit in four (107). 

othelial Activation 

Cylokincs, in particular TNF and IL- 1, and ANCAs p ~ t i c i p a ~ e  in activation of the cnd~~~helium 
in vasculitis; this is reflected by surface expression and an increase in plasma levels of adhesion 
molecules (104,108). Tumor necrosis factor has other actions of potential iniportance in vasculi- 
tis, increasing the release of Ed, LL-8, and IL-12 and supporting a Th-1 T-cell phenotype 
(5~~109,110~. The success and safety of TNF i~ihib~tors in r~cumalo~d arthritis and Crohn’s dis- 
ease has prompted their study in vasculitis (66, i f I ) .  Other techniques to inanipulate leuko- 
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cyte-endolhelium interactions include inhibitors of angiogenesis, which reverse endothelial acti- 
vation and have minimized coronary vasculitis in an animal model, and antibodies to VGAM-1 
and Tt-6 (112-1 14). 

V. POOLED INTRAVENOUS IMMUNOGLOBULIN: SPECIFIC IMMUNOTHERAPY? 

Multiple mechanisms have bcen proposed to explain the immunotlierapeutic effects of IgW, which 
can be divided simply into antiimmune and ant i inf la~atory.  Interactions between the vakiable 
regions of IgG in IgIV with automtibodies, 13-cell receptors, and surface antigens on T-cells have 
thc potential to influence antigen-driven immune respcmscs (28,70). A n t i - i n ~ a ~ a t o ~  effects of 
IgIV include reversal of lymphocyte activation, increased imunoglob~ilin clearance, and modu- 
lation of cytokine release as well as neutralization of circulating cytokines and activated comple- 
ment (1 15-1 20). I g N  suppresses ANCA-induced nedrophil IL-1 secretion, and anti-idiotypic an- 
tibodies in IgIV ~ n h i b i ~  ANCA binding; less specific effects of IgIV are inhibition of ma~rophage 
TNI; release and reduction of complement-mediated endothelid cell injury (70,74,121-123). 
Clinical study of IgIV has been complicated by, apparently, dramatic improveinents in certain 
cases and more modest or no effects in others (34,741 24-128). In a placebo-controlled trial in- 
volving patients with persistent or relapsing diseases, a reduction in disease activity with IgIV was 
demonstrated with concurrcnt falls in C-reactive protein, which were maintained for up to 3 
months (35). There was no effect of IgIV on ANCA levels or reduction in the subs~L~ent  relapse 
rate, thus the mechanism appeared more likely lo be anti-inflammatory than anti-immune (35). 
This suggcsts t h a t r e ~ a ~ e d  IgiV dosing, at f - to 3-month intervals merits further study. If the major 
mechanism of action of IgIV in vasculitis could be determined, 1glV could be purified or enriched 
for this activity. For example, ~ n t ~ - i d ~ o t y ~  antibodies have been purified from TgIV and are in- 
creased in concentration in its dimeric fraction and in normal IgM preparations (129-131). 

Sequential antibody depletion with plasma e~change or ~ ~ u n o a d s o ~ t i o n  followed by 
IgIV has shown promise in single cases (132). in  addition to correcting hypoga~~aglo~ul inemia,  
this strategy suppresses auto~~tibody sebonnd and may potentiate the i m ~ u ~ ~ o m o d u l a t ~ ~  effects 
of IgIV. 

Two small shidies have indicated a role for c y c ~ o s ~ r ~ n  as a r e m i s s i o n - ~ i ~ n ~ i n i ~ g  agent for sys- 
temic vasculitis, but its use in vasculitis has been limited by concern over its toxicity, particuIarly 
to the kidney and e n d o ~ h ~ l ~ u m  (16.17,133). ~ ~ c ~ ( ? l i ~ u s  has a similar mode of action to cy- 
closporin with a different toxicity profile and has proved superior to cyclosporin in autoimmune 
eye disease ( 134). Interleukin-Z~epertdent T-cell prol~feration is also suppressed by ~ a p ~ n y c ~ n  
and SDZ-RAD, drugs that are not nephrotoxic and exhibit synergy with cyclosporin and tiicro- 
lirnus in ~ ~ ~ n s p ~ a n t a ~ o n  (135-737) (Table 2). 

The antiproliferative dnig mycophenolate mofetil has a selective effect on lymphocytes that 
lack a salvage pathway for purine m e t a b o ~ s ~  and has additional actions of interest in vascutiris, 
such as reduction of adhesion molecule expression, antifibrotic effects, and preservation of renal 
function in partial nephrectomy models (138). A pilot study in small-vessel vasculitis used my- 
cophenolate to prevent relapse after remission induction with cyclophosphamide; only 1 of 12 pa- 
tients relapsed during the 1 8-month study ( 1  39 >. Other, anecdotal, reports in vasculitis and accu- 
mulating data from systemic lupus erytheinatosus and primary glomemlonephritis argue for 
larger studies in vasculitis (1 39,138). Other j~munosupp~essives atttacting interest in vasculitis 
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Table 2 Newer Immunosuppressive Drugs for Treatment of Vasculitjs and Their Modes of Action 

Drug Target References 

C y ~ ~ o ~ p o r ~ n ,  ~ c ~ ~ i r n n s  'I' cell, It-2 ~ ~ ~ u c t i o n  16,17 
R a p a ~ y ~ i n ,  SDZ-RAD lL-24ependent T-cell proIife~dtion 
Mycop~e~iola~e rnofetil T-cell and B-cell proliferatioa 139,138 

Adhesion niolecule expression 
Antifibrotic 

Leflunomide T cell 140 
Deoxy spergualin T cell, monocy te 142 

are leflunomide, a pyrimidine antagonist, and deoxyspergualin (1 40-1 42). Deoxyspergualin and 
its analogues have a novel mechanism of action that is incompletely understood but includes 
binding to heat shock proteins, suppression of NF-KB-mediated cytokine release and antjprolif- 
erative effects { 143). Synergy has been shown between dcoxysperguaIin and r a p ~ y c i n  and be- 
tween deoxys~rgual~ii  and T-cell depletion in ~ransplan~ models (144,145). 

VII. A ~ A T I O N A ~  APPROACH TO NEW THERAPIES 

A. Combination Therapy 

There have been several examples above of synergy between treatments resulting in improved ef- 
ficacy or reduced toxicity. The length of remission in Wegener's granulomatosis following T-cell 
depletion with anti-CD52 has been improved by its combination with a nonlytic anti-CD4 anti- 
body; and it has been proposed that reducing T-cell numbers with anti-CD52, and thereby T-cell 
interactions, increases the effect of blocking accessory mojecules with anti-CD4 (19). The com- 
bination of cycbsporin or tacrolimus with rapamycin has allowed reduccd cyciosporin dosing, 
avoiding n e p ~ o t o x i c ~ ~ ,  while improving efficacy in ~ansplantation and experimental autoim- 
munity (135,137,746). In rheu~atoid arthritis, low-dose me~~otrexate has both improved the out- 
COMC with TNF blockade and rcduced the frequency of an ~ntiglobulin response (66). For the 
purposes of designing newer therapies, the vasculitic process may be conveniently divided into aa- 
toimtnune, i n ~ a ~ a t o r y ,  and autoantibody effects, and future combination therapy constructed to 
address each compartment (Table 3). 

B. Evaluation of New Therapy 

Specific immunotherapy provides the opportunity to explore pathogenesis as well as to develop 
ncw treatments, and precise monitoring of the cfkct of immunotherapy on the pathogenctic 
process is likely to be inFormative. It is also necessary to confirm that a drug i s  operating through 
its intended mechanisms; an example is the application ofanti-CD18 antibodies, which was mon- 
itored by measuring n e u ~ ~ ~ p ~ j  cxpression of CD18, in vitro n e u ~ o p h i ~  activity, and in vivo traf- 
fickiiig of neutrophils to sites of vasculitis (107). The ineth~ology for performing ~ e ~ a ~ u ~ c  tri- 
als in vascufitis has been developed over the last dec'ade with the or~aniza~i(~n of coll~bo~ative 
research networks and design of scoring tools to assess disease activity and damage (5,147-149). 
Comparative studies remain expensive and are prolonged over severd years; the identi~cation of 
surrogate markers to substitute for current end points and more efficient tools to assess vasculitic 
activity are therefore desirable. Steps toward the objective assessment of vasculitis activity in- 
clude white cell scanning using ' ' ] Indium, particularly useful for Wegener's granulomatosis, and 
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Table 3 Simplified Chervrew of Sequence of Pathogenesis in Vasculitis with Targets for Inmunotherapy 
and Tilerapetitic Agents Either Available Now (Bold) or ~ o t e n t i ~ l l y  Available in the Future 

lnflamrnation and 
l~ukoc~te-eiido- 

Etiology Autoimmunity Bielium interaction 

Genetic sus- Environmental T cell B cell Autoanti- Cytohes ,  chemo- 
ceptibility agents body kines 

Leukocytes, en- 
dotheiial cells 

INJURY 

Anti-ILZr anti- 
thy mocyte Plasma 

Antibiotics globulin IgIV exchange Anti-TNF IgIV 

Gene therapy Ident i~c~t ion and Anti-CDS2 Ant~-&D4OL aut mu no ad- Anti-CDl8 
avoidance 1 L- 1 QFc Anti-idiotype sorption Anti-VCAM 

Anti-CD4 AntLCD20 Anti-JL6 
Anti-CD4UL Anti-IL-8 
Iinmunoahlation Anti-CSa 

targeting Isotopes to e i~dothel i~ adhesion rnolecnles { 1SO,151). The expense of newer agents will 
require cost-benefit analyscs, and detailed economic assessment of vasculitis has not yet been 
performed ( 1 52). 

lmproved therapy would make an important contribution to better outcome in vasculitis bur other 
major factors include a ~ o i d a n c ~  of diagnostic delay, a co~iiprehensive and accessible system of 
classification, and organization of health care to deliver specialized, multidisciplinary advice. The 
twin aims of novel therapies are to replace existing drugs, in particular cyclophosphaniide and 
high-dose steroids, aid at an imm~n~)logical Icvel, to induce sustained tolercvlce against patho- 
genic autoantigens. From the wide range of potential agents abovc, a logical strategy can be as- 
sembled combining anti-T-cell and anti-inflammatory agents at disease onset and selecting sin- 
gle or multiple agents with low cumulative toxicity for the 1c)nger-te~ prevention of relapse, At 
present, patients are treated on an empirical basis at diagnosis according to discase severity; with 
better definition of prognostic factors, subgroupings arc likely to be redefined (5,153). Further- 
more, the i~munogenetic composition of the patient will influence response to imniut~otherapy, 
as has been observed in transplantation, and will influeice choice of therapy (154). 

Identification of genetic and environmental factors rdevant lo the etiology, presentation, 
and persistence of vasculitis will also oHer new oppo~~ini~ies for disease control. ~ e a n w h i ~ e ,  the 
accessibility of one of the target organs in vasculitis, the endothelium, from the vascular com- 
partment makes it a suitable target for gene therapy, and techniques to direct genetic vectors to 
activated c n d o ~ ~ l i a l  cells have been developed (155). Finalfy, there is a danger that increasing 
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the coinplexity of treatment will conflict with the necd for simple, coniprehensible guidelines that 
are required to perinit improvements in treatment to be spread beyond specialist centers. 
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Necrotizing vasculitis, 340 

histopathology, 259-262 

383 

Churg-Strauss syndrome, 260 
microscopic polya~gii~s,  261-252 
polyarteritis nodosa, 259-260 
Wegener’s granulomatosis, 261 

ria rneningitidis, central nervous system 
vasculitis, 520, 521 

Nephritis, Heiioch-Schonle~~i purpura, 33 I 
Neurocysticercosis, central nervous system vas- 

~euroiymphomatosis, 555 
Neu~ophi~ic granules, contents of, 73t 
Neutrophils, 69-82 

369 

vasculitides, 72-74 

culitis, 520, 521 

activation, Wegener’s granuloinatosis, 367- 

antineutrop~il eytopIas~ic a n ~ i ~ d y - m e d ~ a t e ~  

degranulation, 72 
infiltration, vasculitic lesion, 70 
neutrophi~ic granules, contents of, 731 
recruitment, 69-7 I 
rcspiratory burst, 71-72 
therapeutic modification, 74-75 
Wegener’s granulomatosis, 37 I 

Niacin, 774 
Non-Hodgkin’s lymphoma, cen(zm1 nervous sys- 

Nonenzymic proteinsfpeptides, neutrophilic 

Norway rats with human MPO, 198-200 
Norwich Health Authority, U.K., 229 

tern vasculitis, 521 

granute, 73 
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Ilphuls, Wj~liam, cont~bution of, 210 
Oropharyngeal changes, in Kawasaki disease, 

Oxidant-dependent reactions, Fc receptors, 119 
Oxidants, inflammatory system and, 87 
Oxidation, markers of. 87-88 
ox id^^^ low-density lipoprotein, atherosclerosis, 

306 

162-163 

~ap~enhe~mer ,  Alwin, con~ri~ut~on of, 21 5 
Parainflucnza, Kawasaki disease with, adenovirus 

Paraneoplastic syndrome, 70% 
Paraneoplastic vasculitls, cutaneous vasculitis, 

Parasitic infection, vasculitis secondary to, 

Parvovirus, 565,580-582 

infection, 585 

534 

599-608 

medium, large-vessel vasculitides, 582 
small-vessel vasculitis, 580-581 

clinical findings, 580-581 
cpidcmiology, 580 
laboratory findings, 581 
treatment, 581 

Parvovrrus B 19,553-554 
Phenylp~op~o~amine, central nervous system 

vasculitis, 521, 522 
Pho~p~olipase A, neu~ophiljc granule, 73 
Phospholipids, oxidized, 88 
Plasminogen activator9 neutrophilic granule, 

Platelet-activating factor, in vasculitis syndromes, 

Platclet count, in diagnosis, 241 
P ? ~ u ~ ~ o ~ ~ . ~ t ~ s  carininii p n e u ~ o ~ ~ a ,  Wegener’s 

Pneumonia, ~tlieroscleros~s, 143-144, 144-145, 

73 

99 

granuloinatosis, 392 

146 
intervention, 148-149 

Foliovirus I ,  553-554 
Polyangiitis, microscopic (,we Microscopic 

Polyarteritis, microscopic, 213-215 
~ o l y ~ e r i ~ s  nodosa, 210-215,232-233,560,716 

angiography, 292--293,294-298 
centnil nervous system vasc&itis, 521,523 
Cohan’ 7 syndronic, differential diagnosis, 497 
etiology of, 215 
histopathology, 259-260 

in fogan’s syndrome, 475 
relapsing (see Relapsing polychondritis) 

~ o ~ y m ~ ~ ~ i a  rheutnatica, 230 

Pol ychondritis, 

Po~ulation-based studies, 228-229 
Porcine reproductive virus, 558 
Primary angiitis, central nervous system, 

51 1-528 
treatment, 519-520 
varicetla zoster virus, 5 18-519 

Primary vasculitic disorders, histopathology, 

Proteases, atherosclerosis, 159-161 
Proreinase 3, n e ~ ~ o p ~ l i ~  granuk, 73 
Proteotytic enzymes, angiogenesis, 184 
Pseudo-Raynaud’s syndrome, 7 13-7 14 
Pseudolnnnas aeruginoscc, 599 

255-266 

Queensland tick typhus, vasculitis secondary to, 
605 

RiSssIe, Robert, contribution of, 216 
Radiology differential diagnosis, 267-278 

imaging findings, 270-276 
giant cell arteritis, 274-276 

Tdayasu’s arterilis, 270-247 
imaging techniques, 268-270 

computed tomography, 268 
magnetic resonance iinaging, 269-270 
ultrasound, 268 

Rapamycin, 787 
Raynaud, Maurice, contribution of, 619 
Raynaud’s phenomenon, 6 19-622 

associated conditions, 620-62 I 
chemical, drug exposure, 621 
chronic occlusive arterial diseases, 621 
classification, 62 i t  
clinical definition, 619-620 
etiology, 622 
hepatitis C virus, 571 
occupational trauma, 62 1 
pathogenesis, 622 
prevalence, 620 
rheumatic disorders, 621 
therapy, 632,634 

Relapsing polychondritls, 675494 
aortic ~nvolvement, 682-683 
arrhythmias, 681-682 
c ~ d ~ o v ~ s c u ~ ~  in~n~festation, 681-683 
clinical manifestations, 676-679 
cutaneous manifestation, 680-68 1 
diagnosis, 684485 
extra-aortic aneurysms, 683 
etiology, 675-676 
laboratory investigation, 685 

abno~al i t~es ,  679 
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management, 686488 
neurological manifestiltions, 683-684 
ocular manifcstation, 681 
pericarditis myocardial infarction, 682 
prognosis, 68 8-689 
renal maRifes~tion~ 683 
valvular heart disease, 681 
vasculitis, 679-684 

Renal cell carcinoma, vasculitis, 710 
Renal transp~an~tion, Wegener’s gr~ulomatos~s, 

Respiratory burst, neutrophils, 71-72 
Retinal vessels, coronal anastomosis, Takayasu’s 

Retin~h~hleocerebral vasculopathy, Cogan’s 

Retroviral infections, 574-577 

392 

arteritis, 457 

syndrome, ~fferential d~agnosis, 497 

human immunodeficiency virus type 1, 

human T lymphotropic virus Type I,  577 
574-577 

Retroviruses, 553-554 
R ~ e ~ a t i c  d~sord~rs, 621 

dyslipidenlia in, 767-780 
antihypertensive agents, 769 
atherosclerotic vascular disease with rheu- 

matic disorders, 767-769 
rheumaloid a r t ~ ~ t i s ~  768-769 
systemic lupus ery~hemarosiIs, 767-768 

coronary heart disease prevalence, 767 
inimunosuppressive agents, 769-77 1 
lipid abnormalities, coronary heart disease 

epideniiolo~ic~ studies, 77 1 
intervention trials, 77 1-772 

high-risk patients, 772 
primary prevention trials, 771-772 
secondary prevention trials, 772 

lipid-lower~ng strategies, 772-775 
dietary therapy, 772 
medications, 773-775 

risk, 771-772 

bile acid sequestrants, 774 
combination therapy, 774-775 
fibrates, 774-774 
niacin, 774 
statinsiHM~ CoA reductase inhibitors, 
774 

secondary dyslipidemia, 772-773 
rncdications. affecting lipid profiles, 769-77 1 

Rheumatoid arthritis, 609-618,768-769 
central nervous system vasculitis, 521,525 
clinical features, 610-613 
Cogan’s syndrome, differential diagnosis, 497 

diagnosis, 614-61 5 
epidemiology, 609-6 10 
forms of vascuiitis, 61 1 
laboratory findings, 613-614 
prognosis, 614-615 

~ e u m a ~ i d  vasculitis, 716 
soft-tissue tumor, 7 1 1 

Rickettsia1 infections, 
central nervous system vasculitis, 520,521 
geographic distribution, 60% 
vasculitis secondary to, 604-6Of3,605 

Rocky ~ o u n ~ a ~ n  spotted fever 
central nervous system vasculitis, 520,521 
vasculitis secondary to, 605 

McHS-Iprflpr mouse, 196 
SCGlKj mouse, 1 9 6 1  97 

Rodent models, 193  

Rodnan skin score, systemic scIerosis, 624 
Rokitansky, Karl, contribution of, 21 2 
Rubella virus, 553-554, 585 

Saporta, Antoine, con~bution of, 210 
Sa~oidosis, 695-706 

Cogan’s syndrome, differential diagnosis, 497 
large, medium-vessel vasculitis, 698-703 
small-vessel vasculitis, 696698 

Savoy, William S. ,  contribution of, 210 
Scavenger receptors, a~erosc~erosis, 159-1 61 
S c l i ~ ~ ~ l e i ~ - ~ I e n ~ h  purpwa, 2 16 (see also 

Henoch-Schonlein purpura) 
Scleroderma, 619436,622-628 (see also Sys- 

temic Sclerosis) 
Barrett’s esophagus, 624 
cl~ssifi~ai~on, 622-623 
differential diagnosis, 632 
epidemiology, 623 
esophagcal hypomotility, 624 
gastrointestinal system, 624-625 
heart, 626427 
Kahaleh Skin Score, 624 
laboratory diagnosis, 628.429 

auloantibody determinations, 629 
vascular tests, 628 

lung, 625-626 
management, 632436 
mortality, 623t 
musculoskeletal system, 628 
pathogenesis, 62963 1 

cellular immune reactions, 631 
F~~~sburgh (Rodnan) skin score, 624 
renal, 627-628 
skin, 624 

Scrub typhus, vasculitis secondary to, 605 
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SDZ-RAD, 787 
Secretory vesicle, ncutrophilic granule, 73 
Septa1 perforation, with Wegener’s granulomato- 

Serum sickness-like syndrome, 566-568 
sis, 383 

clinical findings, 566-567 
epidemioIogy, 566 
laboratory findings, 567 
Lrcatment, 567-568 

Shear stress, atherothrornbosis, 12-7-1213 
Sialidase, neu~rophilic granule, 73 
Sicca symptoms, hepatitis C virus, 57 I 
Sinusitis, with Wegener’s granulornatosis, 383 
Sjogren’s syndrome, 637-648 

central nervous system vasculitis, 521,525 
Cogan’s syndrome, difkerential diagnosis, 497 
criteria for diagnosis of, 639t . 
diagnosis, 638-639 
epidemiology, 637-638 
lacrimal gland abnormalities, 639-641 
management, 643 
O C L I I ~ ~  surfacc, 6 3 9 4 1  
vascular involvement, 642-643 

Small-vessel vasculitis, 710-712 
Smoking, Buerger’s disease, 540-541 
Socioeconomic impact, 38 1-382 
Statins/EIMCr CoA reductase inhibitors, 774 
Steroid-induced immunosuppression, mechanism 

Strauss, L., contribution of, 210 
Syipathomimetics, ~ g - ~ ~ d u c e ~  vasculitis, 736 
Syphilis, 

central nervous system vascrzlitis, 520,521 
vasculitis secondary to, 602-603 

of, 420 

clinical features, 602-603 
diagnosis, 603 
treatment, 603 

Syphilitic arteritis, imaging, 276 
Systemic lupus erythematosus. 649-664,767-768 

cardiac vasculitis, 655-657 
central ncrvous system vasculitis, 521,525 
clinical features, 650, 6Slt 
coronary heart disease, prevalence, 767 
cutaneous vasculitis, 652-653 
dyslipidemia, 767-768 
epidemiology, 649-650 
evolution, 657 
gaslrointestinal vasculitis, 656 
immunop~thology, 658-660 
laboratory findings, 650-651 
largevessel vasculitis, 655-657 
monitoring, 657-65 8 
nervous system vasculitis, 653-655 

pulmonary vasculitis, 655-656 
renal vasculitis, 656 
therapy, 658 
thrombosis in, 657 

Pittsburgh (Kodnan) skin score, 624 
Systemic sclerosis, therapy, 633-635 

T-cdl-derived cybkines, 104-107 
ThIR112, vasculitic disorders and, 106-107 

‘r-cell-mediated hypersensitivi~, cytokines asso- 
ciated with, 110 

T cell lymphoma, renal vascutitis, 70 
T cells, 57-68,78 1-784 

activation, molecular basis, 57-59 
antigen presentation, 782-783 
antiglobulin response, 784 
atherosclerosis, 161-1 62 
CD4’ NK T cells, properties of, 6% 
costimu~ation, 783 
depletion, 783-784 
effector functions, 66-67 
functional heterogeneity, 62-66 
HLA gene, 59-61 
lymphoma, renal vasculitis, 710 
major histocompatibil~ty complex, 60t 
molecular pathways 

with activation, 58 
’r cell activation, 58 

proliferation. 783 
reactivity, antineuhophil cytoplasmic antibody- 

associated small-vessel vasculitis, 346 
r e ~ u l a ~ o n  by cytokjnes, 784 
vascular tissues, homing to, 61-62 

Tacrolimus, 787 
TAayasu, Makito, contribution of, 21 0 
Takayasu’s arteritis, 210, 238-220,231,443454, 

455466,467472 
aneurysms, 47 I 
angiography, 285-292 
aortic calcification, 462 
aortic tissue, infiltrating cells, 444 
arteriography, 469 
Asian countries, clinical spectxum, 459-460 
cerebrovascular disease, 468-469 
clinical aspects, 455-466 
clinical spectrum, 455-459 
clinicat symptoms, 457t 
costimulatory molecules, expression. 450-45 1 
diagnosis, 460463,463t 
heat-shock protein-65, expression, 445-447 
histopathology, 257 
HLA class I, 11, expression, 447-448 
imaging, 27@-247 
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[Takayasu’s arteritis] 
laboratory findings, 462t 
lower extremity, 470 
pathogenesis, 443-454 
perh in  cytolytic factor, expression, 444-445 
prognosis, 464 
renal artery stenosis, 471 
retinal vessels, coronal anastomosis, 457 
surgical treatment, 467-472 
TCR P;V-BV genes, restricted usage of, 

treatment, 463-464 
448-450 

medical treatments, 463-464 
surgical treatment, 464 

Target-tissue s u s ~ p ~ ~ ~ ~ l i t y ,  3-5 

Temporal arteriiis (see Giant cell arteritis) 
Temporal artcry, giant cell arteritis, 432 
Tetraspan molecules, integrins, angiogenesis, 

Therapies. future, 78 1-797 
T~omhoangiitis obiiterans, 539-55 1 

upper extremity, 470 

mechan~sms, 4t 

182 

clinical features, 544-546 
epidemiology, 539-540 
etiology, 540-54 1 

genetics. 54 1 
hy~crco~igulabili~y, 54 I 
imniunological markers, 54 1 
smoking, 540-541 

ischemic ulcers, 544 
laboratory findings, 546-547 
pathology, 542-544 
presenting signs, 544t 
therapy, 547-549 
in women, 540 

Thrombosis, 133 
in systemic lupus e ~ t h e ~ a ~ o s u s ,  657 

~ r o ~ b o s p o n d ~ n  receptor, neutrophi~ic granule, 
73 

Thymosin, 
alpha1 , tube formation and, 32 
hetail., tuhe formatioil and, 32 

Tick-borne disease (see tyme disertsc) 
TNF-alpha in vasculitis, 101 
Toxqvlusmu, 560 
Transaminases, in diagnosis, 241 
Transfenin, neutrophilic granule, 73 
T r a n s f o ~ i n ~  growth factor-beta, 107-1 08 
~ ~ r a n s ~ l ~ t a t i o n ,  renal, Wegener’s g r a i ~ u ~ ~ ~ a ~ ~ s i s ,  

Treatise on Diseases oj’Arteries und Veins, 209 
Trepnnemu pullidunz, 602 

392 

Tuberculosis, centraI nervous systeni vasciititis, 

Tumors (see also Malignancy), 
mimicking vasculitis, 7114 716-718 
solid, 71&, 712,714. 715 

central nervous systcm vasculitis, 520,521 
vasculitis secondary to, 605 

520,521 

Typhus, 

Ubiquitin, neutrophilic granule, 73 
Ulcer, 

aphthous, in Behcet‘s disease, 475 
with Wegeuer’s granulotnatosis, 383 

Ulcerative colitis, Cogan’s syndrome. differential 

Illtrasound, 268 
Uroplasminogen-actcti~ating receptor, neutrophilic 

Urticarial vasculitis, cutaneous vasculitis, 535 

diagnosis, 497 

granule, 73 

Vaccination against virus, atherosclerosis, 148 
Varicella zoster virus, 553-554.577-580 

central nervous system involvement, 520,521, 

herpes zoster ophthalmicus, 577-579 
primary angiitis of centrat nervous system, 

retinal vasculitis, 579-580 
Vasculitic fibrinaid necrosis, 340 
Vasculitis Damage Index, 229 
Vasoconstrictive syndrome, reversible, 5 16-5 17 
VDT (see Vasculitis Damage Index) 
Venous occlusions, Behqet’s disease, 477 
Vertigo, in Cogan’s syndrome, 493 
Vessel damage, imunopathogenic mechanismb, 

Virus-associated vasculitides, 553-564,565-598 

577-579 

518-519 

16-17 

angiitis of centml ncrvous system, 560 
Cundidn ~ l ~ ~ c ~ n s ,  560 
coxsackic Bt  v im,  566 
coxsackieviruses, 553-554 
Cryptococcus, 560 
cytomegalovirus ,55 3-554,5824 84 

clinical findings, 5x3 

laboratory findings, 583-584 
treatment, 584 

direct vessel infection, 554-557 
animal models, 555-556 

Marek’s disease, 555 
neuro~ym~homatosis, 555 
human vasculitides, 556-557 

epidemiology, 582-583 

echovirus, 566 
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[Virus-associated vasculitides] 
cchoviius 9,553-554 
cnte~ovi~ses,  553-554 
Epstein-Ram virus, 553-554,565,584 
erythema elcvatum diutinum, 560 
~ c n o c h - ~ c h ~ n ~ e ~  purpura, 560 

hepatitis A virus, 553-554, 585 
hcpatitis B infection, 565 
hcpatitis 3 virus, 553-554,558,565-570 
hepatitis B virus-associated polyarterilis no- 

with Coxsackie BI infection, 585 

doses, 568-570,569t 
clinical findings, 568-569 
epidemioIogy, 568 
laboratory findings, 569-570 
treatment, 570 

hepatiti, C virus, 553-554,558,565,570- 
574 

clinical findings, 57 1-572 
epidemiology, 5711-57 1 
laboratory findings, 572 
medium- and large-vessel vaxulitis, 

573-574 
mixed cryoglobulinc~a, 570-573 
treatment, 572 

hepatitis viruses, 553-554 
herpes simplex virus, 553-554 
herpes simpIex v i m  types 1,2,584 
herpcsviruscs, 553-554 
human immunodeficiency virus, 553-554 

human iinm~~nodeficiency virus type 1 
vasculitic synd~mes, 560 

clinical findings, 574-575 
diagnosis, 576 
ep~demiolog~, 574 
pathophysiology, 576 
treatment, 576 

553-554 

560 

~~uman T cell ~ymp~otropi~  virus type 1, 

immune complcx-mediated vasculitis, 557- 

animal models, 557-558 
human vasculitides, 558-560 
porcine reproductive, respiratory syndrome 

virus, 558 
influenza virus, 553-554 
Kawasaki disease, 560 

with parainfluenza, adenovirus infection, 
585 

leukocytoclastic vasculitis, 560 

mcasles, 566 
inectianims of injury, 554t 

with hantavirus, echovirus-7 infection, 585 

parvovims, 565,580-582 
medium, large-vessel vasculitides, 582 
s m a l l - ~ ~ ~ ~ s e l  vascutitis, 580-58 1 

clinicaf findings, 580-581 
epidemiology, 580 
laboratory findings, 581 
treatment, 58 1 

parvovirus A 19,553-554 
poliovirus I, 553-554 
~ o l y ~ e ~ ~ s  nodosa, 560 
rctroviral iinfectioiis, 553-554 
retroviral infections, 574-577 

human i~munode~c~ency  virus type 1, 

human T lymphotropic virus type I, 577 
574-577 

rubella, 553-554,585 
serum s~ckn~ss-ljke syndro~e. 566-568 

clinical findings, 566-567 
epidemiology, 566 
laboratory findings, 567 
treatment, 567-568 

vaiicella zoster virus, 553-554,577-580 
central nervous system involvement, 

herpes zoster ophthalmicus, 577-579 
retinal vasculitis, 579-580 

577-579 

vessel ske, 566t 

ule, 73 
Vitamin B, ,-binding protein? n e u ~ o p ~ l i c  gran- 

Vitronectin receptor, neutrophilic granule, 73 
Vo~t-Koyana~~-Harada, Cogan’s s y ~ i ~ o m ~ ,  dif- 

Von Glahn, William, contribution of, 215 
Von Rokilansky, 

ferential diagnosis, 497 

Frciherr, cont~bLI~io~ of, 21 I 
Karl, contribution of, 210 

Wa~dens~r~m macrog~ohuline~nia~ 708 
Wegener, Friedrich, contribution of, 210 
Wegener’s granulomatosis, 210,216-217,233, 

381-398,497,521,523,711,716 
a ~ e s ~ o ~  ~ n ~ ~ ~ c ~ ~ ~ ,  ~ ~ ~ r e ~ s ~ ~ n ,  370 
adhesion molecules, 370 
angiography, 302 
animal modeis, 374 
anti-PK3 antineutrophil cytoplasmic antibod- 

ies, 367-369 
antigenic targets, 369 
monocyte activation, 367-369 

antiendothelial cell antibodies, 369-370 
antigen-specific T cell proliferation, 372 
antineu~oph~l cy~opiasmjc a u t o a n ~ b ~ ~ ~ s .  

366-367 
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[Wegencr’s ~ i n u l o ~ a ~ o s i s l  
arthratgias, 383 
auditory involvement, 383 
brain involvement, 383 
breast involvement, 383 
cel l -m~ated inimun~~y, 370-372 
central nervow system vasculitis, 521, 523 
chemokine expression, 370 
circulating cytokines, 370 
clinical features, 381-398, 382-386 
Cogan’s syndrome, differential diagnosis, 497 
cutaneous vasc~l~tis, 534 
cytokine expression, 370 
diagnosis, 387-388 
endothelium, 373 
epidemiology, 38 1-382 
episcleritis, 383 
gangrene, 383 
genetic factors, 373-374 
glo~erulonep~itis, 383 
histopathology, 261,365-366,387-388 

kidney, 366 
lung, 366 
upper respiratory tract, 365-366 

humoral au~oim~nunity, 3h6-37f) 
infections, 373 
infiltrating leukocytes, 370-372 
inflammatory mediators, 370 
laboratory findings, 386-387 
~ e u k ~ c y ~ ~ ~ a s ~ i ~  vasculitis, 383 
mono~ucIea~ cells, 37 1-372 
neuropatby, 383 
ncutrophil activation, 367-369 

neutroph~ls, 371 
oral ulcers, 383 
otitis, 383 
ovary involvement, 383 
parotid involvement, 383 
pathogenesis, 365-380,368 
~ r i c ~ d i t i s ,  3x3 
peripheral neuropatby, 383 
platelets, 372 
pleurisy, 383 
Pneumnrystis carinii pneumonia, 392 
proptosis, 383 
prostate i n v ~ l ~ ~ r n ~ ~ t .  383 
pulmonary infiltrates, 383 
renal manifestation, 383 
renal transplantation, 392 
rhinitis, 383 
saddle nose, 383 
scferitis, 383 
septa1 perforation, 383 
sinusitus, 383 
subcutaneous nodules, 383 
subglottic stenosis, 383 
T cefi responses, 372-373 
therapy, 388-392 
vestibular involvement, 383 

tial diagnosis, 497 
Whipplc’s disease, Cogan’s syndrome, diffcren- 

Wohlwill, Friedrich, contribution of, 210,214 

Zafirluliast, 736 
Zeek, Pearl, contribtttion of, 221 
Zidovudine. 735 
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