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   To be fully aware of one’s own ignorance is an irrepressible 
incitation to the pursuit of knowledge. 
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  Pref ace   

 This volume seeks to provide a comprehensive overview of the systemic vasculiti-
des, an extremely heterogeneous group of diseases characterized by infl ammation 
and necrosis of different-sized blood vessels. With a few exceptions (e.g., HCV- 
related cryoglobulinemic vasculitis and HBV-positive polyarteritis nodosa), the eti-
ology of these clinical conditions remains unknown. In spite of their relatively low 
prevalence, the systemic vasculitides have been the object of recent, intensive, basic, 
and clinical studies. For this reason, it can be safely stated that this group of diseases 
is one of the most rapidly progressing areas of clinical medicine, as evidenced by 
the dramatic achievements in terms of clinical remission and overall prognostic 
improvement. 

 The pathophysiology of the vasculitides is multifactorial and thus in most cases 
poorly defi ned. Among the many potential infl uences on disease expression, sex, 
ethnicity, and genetic as well as environmental factors are likely to play a role. In 
addition, the vascular damage characteristic of the systemic vasculitides may be the 
result of autoimmune responses, such as antineutrophil cytoplasmic autoantibodies, 
anti-endothelial cell autoantibodies, immune complex deposition, an immune 
response to foreign antigens or infectious agents, and T-lymphocyte responses with 
granuloma formation. 

 The general aims of this book are:

    (i)    To provide an in-depth update of the major pathogenetic, genetic, and clinical 
advances in the fi eld encompassing the vasculitides, including, for each condi-
tion, a summary of the most cogent information scattered in the medical litera-
ture but not always readily retrievable   

   (ii)    To describe not only conventional treatments, but also the more recently devel-
oped and tested drugs as well as efforts at patient-tailored therapies, especially 
for patients with refractory and relapsing disease   

   (iii)    To point out future directions of research that, while challenging, are likely to 
be profi table in terms of improved diagnosis and therapy     
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 If this book serves as a stimulating resource for basic and clinical researchers and 
specialists in related disciplines, as well as practicing physicians and advanced 
medical students interested in this fascinating branch of medicine, our efforts as 
editors will have been fully rewarded. The lion’s share of the merit should, however, 
be given to the international contributors who accepted our invitation to collaborate 
in this project and who, in doing so, were able to impart the knowledge gained dur-
ing their multiyear experience in this fi eld.  

  Bari, Italy     Franco     Dammacco    
     Domenico     Ribatti     
    Angelo     Vacca     

Preface
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    Chapter 1   
 Morphofunctional Aspects of Endothelium                     

     Domenico     Ribatti    

    Abstract     Blood vessels represent an essential component of all organs. The vascu-
lar tree develops early during embryogenesis and progresses into a highly branched 
system of vascular channels lined by endothelial cells (ECs) and surrounded by 
mural cells. A highly hierarchical vascular architecture is established which com-
prises distinct arterial, capillary and venous segments as well as organ- and tissue- 
specifi c vascular beds. EC heterogeneity plays a role in directing disease processes 
to distinct vascular territories and characterization of the molecules involved in cre-
ating vascular heterogeneity might eventually allow refi nement of diagnostic and 
therapeutic strategies aimed at targeting distinct segments of the vascular tree.  

  Keywords     Endothelial cells   •   Vascular heterogeneity   •   Vascular diseases  

1.1       Endothelial Cell Heterogeneity and Organ Specifi city 

   Endothelial cells (ECs)   form a continuous monolayer between the blood and the 
interstitial fl uid. The EC surface in an adult human is composed of approximately 
1.6 × 10 13  cells and covers a surface area of approximately 7 m 2  [ 1 ]. Quiescent ECs 
generate an active antithrombotic surface through the expression of tissue factor 
pathway inhibitors,  heparan sulphate   proteoglycans that can interfere with 
thrombin- controlled coagulation, and  thrombomodulin   that facilitate transit of 
plasma and cellular constituents throughout the vasculature. Perturbations and dys-
functions (Table  1.1 ) induce ECs to create a prothrombotic and antifi brinolytic 
microenvironment.

   An increase of blood fl ow into a capillary induces local recruitment of smooth 
muscle cells and leads to a differentiation into an artery or vein, while cessation of 
blood fl ow causes vessel regression [ 2 ]. 

        D.   Ribatti      (*) 
  Department of Basic Medical Sciences, Neurosciences and Sensory Organs ,  University of 
Bari Medical School ,   Policlinico – Piazza G. Cesare, 11 ,  70124   Bari ,  Italy    

  National Cancer Institute “Giovanni Paolo II” ,   70124   Bari ,  Italy   
 e-mail: domenico.ribatti@uniba.it  
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 There are differences between ECs derived from various microvascular beds/
organs, ascribed to genetic and microenvironmental infl uences [ 3 ], including extra-
cellular matrix components, locally produced  pro  -  and   anti-angiogenic molecules, 
interactions with neighboring cells, and mechanical forces. Interactions may occur 
through the release of cytokines and the synthesis and organization of matrix pro-
teins on which the endothelium adheres and grows. Moreover, ECs release and 
express on the cell surface many signaling molecules that can affect the density of 
developing neighboring tissue cells [ 4 ]. 

 ECs lining the capillaries of different organs are morphologically distinct. The 
vasculature of liver, spleen and bone marrow sinusoids is highly permeable because 
vessels are lined by discontinuous ECs, capillaries in the brain and retinal capillar-
ies, dermis, bone tissue, skeletal muscle, myocardium, testes and ovaries are con-
tinuous, and ECs in endocrine glands and kidney are fenestrated. EC heterogeneity 
is also appreciable in individual organs. For example, the kidney contains fenes-
trated ECs in its peritubular capillaries, discontinuous ECs in its glomerular capil-
laries, and continuous ECs in other regions. The phenotype of ECs is unstable and 
likely to change when they are removed from their microenvironment [ 5 ]. 
Endothelial heterogeneity is also responsible for different responses across different 
vascular beds to pathological stimuli and disease states [ 6 ]. 

 Antigens are differentially expressed on ECs of certain organs and tissues [ 7 ]. 
For example, the  von Willebrand factor (vWF)   marker is expressed at higher levels 
on the venous rather than on the arterial side of the capillary circulation, while it is 
largely absent from sinusoidal ECs. Moreover, vWF may play a role in tumor cell 
dissemination, as signifi cantly higher levels have been reported in metastatic can-
cers [ 8 ].   

1.2     Arterial and Venous Endothelial Cell Distinctions 

 The discovery that members of the  ephrin family   are differentially expressed in 
arteries (Fig.  1.1 ) and veins from very early stages of development is an indication 
that artery-vein identity is intrinsically programmed. Ephrin-B2 is expressed in arte-
rial ECs, large arteries within the embryo, and in the endocardium of the developing 

  Table 1.1    Consequences of 
endothelial dysfunctions  

 Infl ammation 
 Fibrosis 
 Cardiovascular diseases 
  Pulmonary hypertension   
 Atherosclerosis 
 Hyperlipidemia 
 Thrombosis 
 Immune reactions 
 Peripheral vascular diseases 
  Angiogenesis   

D. Ribatti
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heart, while the receptor for Ephrin-B2, Eph-B4, displays a reciprocal expression 
pattern in embryonic veins, large veins and also in the endocardium. Remodelling 
of the primary vascular plexus into arteries and veins was arrested in both Ephrin-B2 
and Eph-B4 mutants, suggesting important roles for Ephrin-B2/Eph-B4 interactions 
on arterial and  venous   ECs differentiation, respectively [ 2 ].

   Other specifi c markers for the arterial system include  neuropilin-1 (NRP-1)   and 
members of the  Notch family  , Notch-3, DDL4 and GRIDLOCK (Grl), while venous 
markers include NRP- 2   Notch signalling is necessary for remodelling the primary 
plexus into mature vascular beds and maintaining arterial fate, and is essential for 
the homeostatic functions of fully differentiated arteries. During vascular develop-
ment, defects in signalling through the Notch pathway, including ligands such as 
Jagged-1, Jagged-2, and Delta-like-4 and receptors, such as Notch-1, Notch-2, and 
Notch-4, disrupt normal differentiation into arteries or veins, resulting in loss of 
artery specifi c markers [ 9 ]. 

 Le Noble et al. [ 10 ] studying arterial-venous differentiation in the developing 
yolk sac of the chick embryo, observed that prior to the onset of fl ow, EC expressing 
arterial and venous specifi c markers are localized in a posterior-arterial and anterior- 
venous pole. Ligation of one artery by means of a metal clip, lifting the artery, and 
arresting arterial fl ow distal to the ligation site could morphologically transform the 
artery into a vein. When the arterial fl ow was restored by removal of the metal clip, 
arterial maker was re-expressed, suggesting that the genetic fate of arterial EC is 
plastic and controlled by hemodynamic forces.  

  Fig. 1.1    Schematic drawing showing the general organization of the wall of an arterial vessel 
(Reproduced from “Endotelijalna ćelija” by D. Rosenbach at English Wikipedia)       
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1.3     Vascular Diversity in Pathological Conditions 

 Endothelium plays a major role in the pathophysiology of different conditions, 
including infl ammation and cancer. EC activation by infl ammatory cytokines results 
in the increased expression of  adhesion molecules  , including E-selectin,  intercellu-
lar adhesion molecule-1 (ICAM-1)  , and  vascular cell adhesion molecule-1 (VCAM- 
1)   [ 11 ]. 

 It has long been recognized that  systemic vasculitides   impact distinct segments 
and branches of the vascular tree, and smooth muscle cells and dendritic cells are 
involved in the pathogenesis of these diseases. Necrotizing sarcoid granulomatosis, 
 Takayasu’s arteritis  , and giant cell  arteritis   cause macrovascular compromise, while 
 cryoglobulinemic vasculitis   affects microcirculation. Some diseases such as 
Behçet’s syndrome (a small vessel  vasculitis   that can affect venules) and Wegener’s 
 granulomatosis   (an ANCA-associated vasculitis generally affecting small arteries 
and veins) compromise the whole pulmonary vasculature.  Churg-Strauss syndrome   
(a necrotizing ANCA-associated vasculitis) targets medium-sized arteries and veins 
of the macrocirculation, whereas microscopic  polyangiitis   impacts arterioles, capil-
laries and venules of the microcirculation [ 12 ]. 

 A dual role of  angiogenesis   in vasculitides has been proposed. On the one hand, 
 angiogenesis   may be a compensatory response to ischemia and to the increased 
metabolic activity in acute phase of the disease. On the other hand, ECs of newly- 
formed vessels express  adhesion molecules   and produce colony-stimulating factors 
and chemokines for leukocytes [ 12 ]. 

 Tumor vessels exhibit chaotic blood fl ow, have focal regions that lack ECs or 
basement membrane. Qualitative differences exist in the tumor vasculature at differ-
ent stages [ 13 ]. Distinct tumor vessels may need specifi c vascular growth factors 
and cytokines at defi ned tumor stages. There are vascular tumors that derive from 
ECs and express unique autonomous properties. In infantile hemangioma, molecu-
lar profi ling has provided evidence for a placental derivation of ECs [ 14 ]. Kaposi’s 
sarcoma, an AIDS-defi ning vascular tumor, involves a phenotypically unique spin-
dle cell that appears to derive from lymphatic ECs [ 15 ]. The vasculature of tumors 
tends to acquire characteristics similar to those of the host environment. The micro-
vasculature of murine mammary carcinoma, rhabdomyosarcoma, and human glio-
blastoma implanted s.c. in nude mice become extensively fenestrated [ 16 ]. On the 
contrary, the same tumors implanted in the brain acquire a microvasculature resem-
bling more closely the brain microvasculature phenotype. 

 Differential pattern of expression of angiogenic genes accompany and are prob-
ably responsible for the host-environment-induced differences in vascularisation. 
St. Croix et al. [ 17 ] have identifi ed markers specifi cally induced in ECs from human 
colorectal carcinoma through a comparison of gene expression profi les of ECs iso-
lated from human colorectal carcinoma and normal human colorectal tissue. Ria 
et al. [ 18 ] have identifi ed genes differentially expressed in multiple myeloma ECs 
compared to ECs of monoclonal gammopathy of undetermined signifi cance. 
Deregulated genes are involved in extracellular matrix formation and bone remodel-
ing, cell adhesion, chemotaxis,  angiogenesis  , resistance to apoptosis, and cell-cycle 
regulation. 

D. Ribatti
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 Coronary artery disease is one example of a disease that targets the arterial ECs. 
In response to hypercholesterolemia, myocardial ECs increase the expression of 
 adhesion molecules  , which leads to intimal thickening and plaque formation. ECs 
lack preferential cell alignment and often show a polygonal morphology in zones of 
disturbed vascular fl ow, such as regions susceptible of atherogenesis including the 
aortic arch or heart valves. Up-regulation of genes associated with endoplasmic 
reticulum processing of proteins, endoplasmic reticulum stress and unfolded protein 
response, contribute to enhanced endothelial permeability via focally increased EC 
proliferation in these regions [ 19 ,  20 ]. 

 Selective EC activation may be responsible for the development of some brain 
pathologies, including blood–brain barrier dysfunction linked to Alzheimer’s dis-
ease [ 21 ].  

1.4     Concluding Remarks 

 EC diversity has crucial implications for the development of vascular diseases. 
 Systemic vasculitides   target distinct segments and branches of the vascular tree as 
well as selective vascular beds. Even thrombotic or hemorrhagic conditions recog-
nize specifi c vascular beds as the sites of disease occurrence. Potential implications 
for the pathogenesis of vascular metabolic diseases like atherogenesis are also 
strong. EC differences exist in the tumor vasculature at different stages, a situation 
which may profoundly affect the effi cacy of tumor treatment. 

 Understanding how early, basic ECs can differentiate into a specialized assort-
ment of organ- and tissue-associated ECs is essential for appreciating the complex-
ity of vascular disorders and for establishing critically designed strategies of 
vascular diseases’ treatment, through the use of  glucocorticoids  , immunosuppres-
sive, immunomodulator, and anti-infl ammatory drugs. Indeed, identifi cation of 
vascular-bed specifi c molecular profi les should facilitate the development of molec-
ular imaging for diagnosis and surveillance as well as the improvement of “intelli-
gent” molecules targeting selected vascular districts.     

  Acknowledgements   The research leading to these results has received funding from the European 
Union Seventh Framework Programme (FP7/2007- 2013) under Grant agreement no. 278570.  
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    Chapter 2   
 Animal Models of ANCA-Associated 
Vasculitides                     

     Domenico     Ribatti      and     Franco     Dammacco   

    Abstract     Antibodies against neutrophil proteins myeloperoxidase (MPO) and pro-
teinase- 3 (PR3) are responsible for the development of anti-neutrophil cytoplasmic 
autoantibodies (ANCA)-associated vasculitides (AAV). Although the knowledge of 
these conditions is remarkably improved in the last few years, their etiology and 
pathogenetic mechanism(s) are still poorly understood. The establishment of exper-
imental models has been repeatedly attempted with the aim of achieving a deeper 
understanding of their human counterpart. Here, we discuss the principal animal 
models currently used to investigate the mechanisms underlying the onset of AAV.  

  Keywords     Animal models   •   Anti-neutrophil cytoplasmic autoantibodies   •   Vasculitis  

2.1       Introduction 

  A  number   of  in vitro  and  in vivo  studies, focusing on different aspects of the neutro-
phil biology and function, have clearly demonstrated the potential role that neutro-
phils can exert in the modulation of innate and adaptive immune responses [ 1 ]. 

    Anti-neutrophil cytoplasmic autoantibodies (ANCA) were fi rst recognized by 
van der Woude et al. [ 2 ], who described circulating autoantibodies that reacted with 
cytoplasmic antigens of neutrophils and monocytes in patients with  granulomatosis 
with polyangiitis (GPA)  .  ANCA-associated vasculitides (AAV)   are systemic auto-
immune disorders characterized by infl ammatory necrosis of small blood vessels 
affecting joints, lungs, kidneys, skin and other tissues [ 3 ]. Neutrophils are cardinal 
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cells in the pathophysiological process underlying  AAV   since they are both effector 
cells responsible for endothelial damage and targets of autoimmunity. It should, 
however, be emphasized that some patients showing similar disease manifestations 
as those who are ANCA-positive are nonetheless ANCA-negative [ 4 ]. 

 Four diseases are characterized by the presence  of   ANCA, namely  GPA   (for-
merly called Wegener’s  granulomatosis  ),    microscopic polyangiitis (MPA), eosino-
philic granulomatosis with  polyangiitis   (EGPA, formerly termed  Churg-Strauss 
syndrome  ), and the necrotizing crescenting glomerulonephritis ( NCGN  ). The etio-
logical factors responsible for the production of vessel- damaging   ANCA are 
unknown. Although infectious agents have been repeatedly suspected and 
 Staphylococcus aureus  has long been known to be associated with  GPA  , their pre-
cise immunologic link with  AAV   has not been proven. 

 In the 1980s, autoantibodies to cytoplasmic components of myeloid cells were 
detected in patients with pauci-immune necrotizing small vessel vasculitis. In  AAV  , 
the autoimmune response is directed against neutrophil and monocyte lysosomal 
enzymes,  including   myeloperoxidase (MPO) and  proteinase 3 (PR3)   [ 5 ].  MPO   is 
abundantly expressed and exclusively found in  azurophilic granules  , and is a key 
component of the phagocyte oxygen-dependent intracellular microbicidal system 
[ 6 ]. On the other hand,  PR3  , also called myeloblastin, belongs to the neutrophil 
serine protease family and is classically localized  in   azurophilic granules. Following 
phagocytosis of pathogens,  PR3   is secreted in the phagolysosome to play its crucial 
microbicidal function [ 7 ]. 

 Clinical and experimental studies have provided extensive evidence for the 
involvement of autoantibodies to  MPO   and  PR3   in the pathogenesis of  AAV   [ 8 ], 
thus leading to treatment strategies aimed at ANCA removal.  Plasma exchange  , for 
example, has been shown to remove plasma constituents as well  as   ANCA and to 
increase the chances of renal recovery in severe renal vasculitis [ 9 ]. 

 The crucial factors required for animal models of vasculitis are the similarities to 
the clinical and pathologic phenotypes of human diseases, with the obvious assump-
tion that their study may contribute to the pathogenetic elucidation of human vascu-
litis. Here, we will briefl y discuss the principal animal models currently used to 
investigate the mechanism(s) of vascular injury in  AAV  .  

2.2     Animal Models Involving Anti-MPO Immune Response 

 In spite of the large body of  in vitro  studies, unequivocal evidence  that   ANCA are 
pathogenic  in vivo  was obtained only recently [ 10 ]. The pathogenicity  of   ANCA has 
been investigated in mouse models by exploring both passive transfer and active 
immunization strategies in order to reproduce systemic vasculitis. 

 The fi rst animal model resembling the human disease was introduced by Xian 
et al. [ 11 ]. They reported that injection of splenocytes, derived from MPO-defi cient 
mice immunized with mouse  MPO  , into recipient mice lacking mature T and B cells 
(RAG2-defi cient mice) caused severe  necrotizing glomerulonephritis  . In a second 
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approach, IgG were isolated from MPO-defi cient mice immunized with  MPO   and 
passively transferred into wild type and RAG2−/− mice, resulting in a  pauci-immune 
glomerulonephritis   mimicking the human disease (Fig.  2.1 ) [ 11 ], thus confi rming 
that neutrophil is the primary effector cell in anti-MPO-induced glomerulonephritis 
[ 12 ].

   In an additional model, MPO-defi cient mice were immunized with murine  MPO  ; 
after production of anti-MPO IgG, the animals were lethally irradiated and trans-
planted with bone marrow from MPO-positive wild type mice (Fig.  2.1 ) [ 13 ]. By 8 
weeks after bone marrow transplantation, the mice developed  a   pauci-immune glo-
merulonephritis with urine abnormalities. The transfer of anti-MPO lymphocytes 
into immune-defi cient mice has also resulted  in   necrotizing glomerulonephritis with 
glomerular immune deposits [ 14 ]. 

 A third mouse model is based on the induction of both humoral and cellular 
autoimmune responses to  MPO   (Fig.  2.1 ) [ 15 ]. Wild type mice were in fact 

  Fig. 2.1    Summary of three 
mouse models that have 
been used to study 
pathogenetic mechanisms 
in ANCA-associated 
vasculitis (Modifi ed from 
Coughlan et al. Clin Exp 
Immunol. 2012; 169: 
229–37)       
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 immunized with  MPO   and subsequently injected with a sub-nephritogenic dose of 
nephrotoxic serum (anti-GBM), this procedure resulting in the development of glo-
merulonephritis. The advantage of this model was the generation of an autoimmune 
response to  MPO   in wild type mice. 

 The models of anti-MPO-mediated glomerulonephritis shortly described above 
have proven to be useful tools for testing experimental therapies. For example, ther-
apeutic interventions aimed at blocking the pro-infl ammatory effects of tumor 
necrosis factor-alpha (TNFα) have been evaluated in both the  MPO-ANCA   mouse 
model [ 16 ] and the experimental autoimmune vasculitis rat model [ 17 ].  

2.3     Animal Models Involving Anti-PR3 Immune Response 

 Following immunization with recombinant human mouse  PR3  , non-obese diabetic 
(NOD) mice develop specifi c anti-PR3 autoantibodies. The transfer of splenocytes 
from these mice into immunodefi cient NOD/severe combined immunodefi ciency 
disease (SCID) mice has been shown to result in vasculitis and severe segmental  and 
  necrotizing glomerulonephritis, leading to acute kidney failure and death [ 18 ]. 

 Little et al. [ 19 ] have described an interesting model consisting of humanized 
immunodefi cient NOD/SCID interleukin-2 (IL-2)- receptor knockout mice, which 
received human hematopoietic stem cells and developed a human-mouse chimeric 
immune system. These mice developed glomerulonephritis following passive trans-
fer of  PR3-ANCA   IgG derived from patients with severe systemic vasculitis [ 19 ].  

2.4     Concluding Remarks 

 Interesting animal models of anti-MPO-related vasculitis, closely resembling clini-
cal and pathological features in humans, have been established. By inducing an 
abnormal immune response to  MPO  , these models mimic the clinical aspects of the 
human MPO-AAV and are contributing to elucidate  how   ANCA cause vasculitis. 

 Animal models of anti-PR3 associated disease are much less advanced, and gen-
eration of an experimental model that implies both anti-PR3-associated vasculitis 
and granuloma formation is a major challenge in this fi eld. Further investigations 
are needed to identify the molecular mechanisms that control the complex neutro-
phil/endothelium interactions and to establish whether they are dysregulated in 
 AAV   [ 20 ].      
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    Chapter 3   
 Nomenclature of Vasculitides: 2012 Revised 
International Chapel Hill Consensus 
Conference 

 Nomenclature of Vasculitides and Beyond                     

     J.     Charles     Jennette     ,     Ronald     J.     Falk    , and     Marco     A.     Alba   

    Abstract     A nomenclature system provides names and defi nitions for diseases, and 
provides the framework for establishing classifi cation criteria for groups of patients 
and diagnostic criteria for individual patients. The International Chapel Hill 
Consensus Conference Nomenclature of Vasculitides (CHCC) provides standard-
ized names and defi nitions for different classes of vasculitis, but does not provide 
validated criteria for classifying cohorts of patients into these classes, or for diag-
nosing (classifying) an individual patient. The CHCC nomenclature and defi nitions 
are useful for communication among health care providers, understanding the medi-
cal literature, guiding development of classifi cation and diagnostic criteria, and 
facilitating research on cohorts of patients with vasculitis. Names and defi nitions 
evolve more slowly than classifi cation and diagnostic criteria because the latter 
must change as new diagnostic technologies and clinical laboratory testing are 
available. For example, the discovery of anti-neutrophil cytoplasmic autoantibodies 
(ANCA) added a new criterion for classifying vasculitis. The most robust ongoing 
effort to develop classifi cation and diagnostic criteria for vasculitis is by the 
Diagnostic and Classifi cation Criteria for Vasculitis (DCVAS) study group. Once 
data are collected from large vasculitis patient cohorts, identifying the most clini-
cally and biologically relevant classes, and the most accurate and precise diagnostic 
criteria, may require the application of supervised and unsupervised machine learn-
ing algorithms. It will be interesting to see how machine generated vasculitis classes 
agree (or not) with the CHCC classes that were devised by mere mortals.  

  Keywords     Algorithms   •   Classifi cation criteria   •   Diagnostic criteria   •   Nomenclature 
system   •   Systemic vasculitides  
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3.1       Introduction 

  A nomenclature system provides names and defi nitions for diseases. A classifi ca-
tion system classifi es cohorts of patients into distinct classes, and provides  the 
  framework for establishing classifi cation criteria for groups of patients and diagnos-
tic criteria for individual patients. The International Chapel Hill Consensus 
Conference Nomenclature of Vasculitides (CHCC) provides standardized names 
and defi nitions for different classes of vasculitis [ 1 ,  2 ] (Table  3.1 ). The CHCC does 
not provide validated criteria for classifying cohorts of patients into these classes, or 
for diagnosing (classifying) an individual patient. The CHCC nomenclature and 
classifi cation is of value for:

•     Communicating among health care providers involved in the care of patients 
with vasculitis  

•   Writing and understanding medical literature pertinent to vasculitis  
•   Guiding the development of classifi cation and diagnostic criteria to be validated 

in cohorts of vasculitis patients  
•   Facilitating clinical and basic research on cohorts (classes) of patients with dis-

tinct forms of vasculitis    

 The name and defi nition of a disease are specifi ed in an accepted nomenclature 
system, for example the CHCC system. Effective nomenclature/classifi cation/diag-
nostic systems are based on up to date clinical and pathobiological data, especially 
etiology and pathogenesis when known. Classifi cation criteria are the data that are 
used to place groups of patients into standardized classes. Diagnostic criteria are 
data that demonstrate or confi dently predict the presence of the defi ning features of 
a disease in a specifi c patient. Classifi cation criteria and diagnostic criteria must be 
tested and validated by studying actual cohorts of patients, and comparing them to 
disease controls and healthy individuals. Classifi cation and diagnostic criteria 
evolve most quickly, driven by advances in diagnostic technologies and clinical 
laboratory testing. For example, new biomarkers that are validated as useful clinical 
laboratory tests are added to existing classifi cation and diagnostic criteria, as was 
the case  when   anti-neutrophil cytoplasmic autoantibodies (ANCA) were discov-
ered, and the presence or absence  of   ANCA were added as criteria for the classifi ca-
tion and diagnosis  of   small vessel vasculitis [ 1 – 3 ]. Effective names and defi nitions 
may persist indefi nitely, such as myocardial infarction defi ned as focal ischemic 
necrosis of myocardium; whereas the diagnostic and classifi cation criteria for myo-
cardial infarction change over time as new imaging, electrophysiological and labo-
ratory tests are developed. 

 The 1994 International Chapel Hill Consensus Conference on the Nomenclature 
of  Systemic Vasculitides   (CHCC 1994) proposed names and defi nitions for some of 
the most common variants of vasculitis [ 1 ], and was widely adopted throughout the 
world. As expected, following publication of the CHCC 1994 article, there were 
many advances in the understanding of vasculitis. The CHCC 1994 purposefully 
was confi ned to proposing names and defi nitions for a limited number of  vasculitides, 
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     Table 3.1    Names for vasculitides adopted by the 2012  International   Chapel Hill consensus 
conference on the nomenclature of vasculitides        

 Modifi ed from Jennette et al. [ 2 ] 
 The items highlighted in red are changes or additions compared to the 1994  International   Chapel 
Hill Consensus Conference on the Nomenclature of Vasculitides 
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and thus did not address many other forms of vasculitis, including vasculitis associ-
ated with and presumably secondary to a number of systemic diseases. Over the past 
10 years there also has been an impetus to reduce the use of eponyms in medical 
terminology. The 2012 International Chapel Hill Consensus Conference (CHCC 
2012) had the goals of changing vasculitis names and defi nitions as appropriate, and 
adding important categories of vasculitis that were not included in CHCC 1994 [ 2 ] 
(Table  3.1 , Fig.  3.1 ). Table  3.1  shows the new or modifi ed categories of vasculitis 
highlighted on red. These changes and additions will be discussed in the following 
section.

   As a basic simplifi ed approach to classifying vasculitis into broad general cate-
gories, the fi rst level of classifi cation is into  large vessel vasculitis (LVV)  ,  medium 
vessel vasculitis (MVV)  ,    small vessel vasculitis (SVV) and  variable vessel vasculi-
tis (VVV)  . Unfortunately, these broad classes are interpreted too literally and sim-
plistically by some. This terminology refers to classes of vasculitis that 
unquestionably cannot be identifi ed merely by measuring the caliber of involved 

  Fig. 3.1    Diagram depicting the predominant distribution of vessel involvement by  different 
  CHCC categories of vasculitis. Note that large vessel vasculitis, medium vessel  vasculitis   and 
small vessel  vasculitis   all can affect arteries, however, only small vessel  vasculitis   affects capillar-
ies and venules (Reproduced from Ref. [ 2 ] with permission)       
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vessels, but rather are the names for classes of vasculitis that are defi ned by the 
integration of multiple different parameters.  

3.2     Large Vessel Vasculitis (LVV) 

 The two major variants  of   LVV are Takayasu arteritis (TAK) and giant cell  arteritis   
(GCA). CHCC 2012  defi nes   LVV as vasculitis affecting the aorta and its major 
branches more often than other vasculitides although, any size artery may be 
affected [ 2 ]. Importantly, this defi nition does not state  that   LVV affects predomi-
nantly large vessels because in many patients the actual number of large arteries 
affected is less than the number of medium and small arteries affected. For example, 
in a patient with GCA, only a few branches of the carotid arteries may be affected 
when many more small branches extending into the head and neck are affected. 
However,    LVV defi nitely affect the aorta and its major branches more often than 
 MVV   or SVV (Fig.  3.2 )   .

   Both TAK and GCA are arteritis, often granulomatous, that most often affects 
the aorta and its major branches [ 2 ]. The most reliable distinction between the two 
is the age of the patient at the time of onset (not the time of diagnosis). TAK has 
onset in patients younger than 50 years old, whereas GCA has onset in patients 
greater than 50 years old. There are different trends in the distribution and pathol-
ogy of vasculitis in GCA compared to TAK, but these do not provide clear-cut cri-
teria for classifi cation or diagnosis. GCA has a predilection for branches of the 
carotid and temporal arteries, and polymyalgia rheumatica frequently accompanies 
GCA. The relationship of isolated  aortitis   with  pathologic   features indistinguishable 
from GCA and TAK is controversial, although at least some appear to be TAK or 
GC limited to the aorta.  

3.3     Medium Vessel Vasculitis (MVV) 

 Two major classes  of   MVV are  polyarteritis nodosa (PAN)   and  Kawasaki disease 
(KD)   [ 2 ].    MVV is vasculitis predominantly affecting medium arteries, which are 
the main visceral arteries and their initial branches in the parenchyma. Importantly, 
any size artery may be affected, including the smallest arteries [ 2 ]. The histopathol-
ogy of the acute necrotizing lesions overlaps, although, PAN tends to have more 
conspicuous  fi brinoid necrosis   and neutrophils, whereas KD tends to have more 
monocytes and less  fi brinoid necrosis   [ 4 ]. 

 PAN is  necrotizing arteritis   primarily affecting medium or small arteries without 
glomerulonephritis or vasculitis in arterioles, capillaries, or venules; and not associ-
ated  with   ANCA [ 2 ]. The absence or presence  of   ANCA, respectively, is a distin-
guishing feature between PAN  and   microscopic polyangiitis [ 3 ]. KD is arteritis 
occurring in infants and young children that is associated with  mucocutaneous 
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  Fig. 3.2    Photomicrographs showing ( a ) giant cell  arteritis   with fragmentation of the internal elas-
tica ( arrow ) and transmural infl ammation (temporal artery, elastic tissue stain); ( b ) Takayasu arte-
ritis of the aorta causing focal fragmentation of the elastic media (medial laminar necrosis) (elastic 
tissue stain); ( c ) arteritis in a skeletal muscle biopsy with prominent  fi brinoid necrosis   that is 
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lymph node syndrome  . Coronary arteries are a frequent target, with a predilection 
for causing aneurysms (pseudoaneurysms) at the origin  of   carotid arteries from the 
aorta. 

 PAN in essence is a diagnosis of exclusion. When  necrotizing arteritis   or its 
chronic sequelae are identifi ed in a patient, a diagnosis of PAN is appropriate only 
after KD, arteritis as a component of a  SVV   or VVV, and arteritis secondary to a 
system disease are ruled out.  

3.4        Small Vessel Vasculitis (SVV) 

 New in CHCC 2012 compared to CHCC 1994 is the classifi cation  of   SVV as either 
anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV)    or 
immune  complex   SVV [ 2 ].  AAV   is characterized by circulating ANCA and a pau-
city of immunoglobulin and complement in vessel walls, whereas immune  complex 
  SVV is characterized by the absence of  ANCA   in the circulation and substantial 
immunoglobulin and complement in vessel walls. Of note is the observation that 
some patients have concurrence of  ANCA   and immune complex disease, for exam-
ple  ANCA   disease plus anti-glomerular basement membrane (anti-GBM) disease. 

  AAV   is necrotizing vasculitis, with few or no immune deposits, predominantly 
affecting small vessels, and usually, but not always, accompanied by positive sero-
logic assays for  ANCA   specifi c  for   myeloperoxidase ( MPO-ANCA  ) or proteinase 
 3   ( PR3-ANCA  ) [ 2 ].  AAV   is subdivided  into   microscopic polyangiitis (MPA),    gran-
ulomatosis with polyangiitis (Wegener’s) (GPA), and eosinophilic granulomatosis 
with  polyangiitis   (Churg-Strauss) (EGPA) [ 2 ]. The eponyms Wegener’s  granuloma-
tosis   and  Churg-Strauss syndrome   were replaced in CHCC 2012 with the more 
descriptive terms  GPA   and  EGPA   respectively. The change to GPA was infl uenced 
by a decision that had already been made by several medical societies [ 5 ]. An  AAV   
diagnosis should include both  ANCA   serology status ( MPO-ANCA  ,  PR3-ANCA   or 
ANCA-negative) as well as the clinicopathologic phenotype if it is identifi able. 
Examples of appropriate diagnostic terms are  MPO-ANCA   MPA and ANCA- 
negative  GPA  . Designating the  ANCA   antigen specifi city is important because the 
 ANCA   specifi city, along with other clinical and laboratory fi ndings, helps predict 
patient course and outcome [ 6 ,  7 ], and  ANCA   antigen specifi city correlates with 
other biomarkers of disease including genetic markers [ 8 ]. The relevance to  ANCA   

 Fig. 3.2 (continued)  consistent with multiple types of vasculitis such as PAN,  MPA   or  GPA   (H&E 
stain); ( d )    Kawasaki disease arteritis with transmural infl ammation ( arrows ) with minimal fi bri-
noid material (renal lobar artery, H&E stain); ( e ) ANCA-associated glomerulonephritis with  fi bri-
noid necrosis   ( horizontal arrow ) and crescent ( vertical arrow ) (H&E stain); ( f ) ANCA-associated 
leukocytoclastic angiitis in the renal medulla (H&E stain); ( g ) Wegener’s  granulomatosis   acute 
infl ammation with  multinucleated giant cells   ( arrow ) and numerous neutrophils (nasal mucosa, 
H&E stain); ( h )  Churg-Strauss syndrome   arteritis with necrosis ( arrow ) and transmural infl amma-
tion with numerous eosinophils (lung, H&E stain) (Reproduced from Ref. [ 4 ] with permission)       
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in the classifi cation  of   SVV also is supported by the strong evidence that these auto-
antibodies are pathogenic [ 9 ]. 

  MPA   is necrotizing vasculitis, with few or no immune deposits, predominantly 
affecting small vessels [ 2 ].  Necrotizing arteritis   involving small and medium arter-
ies may be present. Necrotizing and  crescentic glomerulonephritis   is very common. 
ANCA-positive pauci-immune necrotizing and  crescentic glomerulonephritis   also 
occurs as a renal limited disease. In some clinical trials, renal-limed ANCA- 
associated glomerulonephritis is grouped with  MPA  , in essence as a form of renal- 
limited  MPA  . 

  GPA   is necrotizing granulomatous infl ammation, usually involving the upper 
and lower respiratory tract, with necrotizing vasculitis affecting predominantly 
small to medium vessels [ 2 ].  ANCA   associated with  GPA   usually is  PR3-ANCA  , 
but some patients with classic GPA are  MPO-ANCA   positive. 

  EGPA   is eosinophil-rich and necrotizing granulomatous infl ammation often 
involving the respiratory tract, with necrotizing vasculitis predominantly affecting 
small to medium vessels, and associated with asthma and eosinophilia [ 2 ]. Over half 
of patients who would fi t into the broad spectrum of  Churg-Strauss syndrome   are 
ANCA-negative at diagnosis. However, 75 % or more of  EGPA   patients with glo-
merulonephritis are ANCA-positive [ 10 ]. This suggests that the eosinophil-rich 
infl ammatory component of  EGPA   may have a pathogenetically distinct prodromal 
phase that is separate from the ANCA-associated glomerulonephritis and 
vasculitis. 

 Immune  complex   SVV is vasculitis predominantly affecting small vessels with 
moderate to marked vessel wall deposits of immunoglobulin and complement [ 2 ]. 
Glomerulonephritis is frequent. Involvement of arteries is much more frequent in 
ANCA  SVV   than in immune complex SVV. In CHCC 2012, immune complex  SVV   
includes anti-glomerular basement membrane (anti-GBM) disease,  cryoglobuline-
mic vasculitis   (CV), IgA vasculitis (IgAV), and  hypocomplementemic urticarial 
vasculitis (HUV)   (anti-C1q vasculitis). Anti-GBM disease is vasculitis affecting 
glomerular capillaries, pulmonary capillaries, or both, with capillary basement 
membrane deposition of anti-basement membrane autoantibodies that appears lin-
ear by immunofl uorescence microscopy, in contrast to other forms of immune com-
plex disease that have granular staining of vessel walls [ 3 ,  4 ]. In anti-GBM disease, 
immune complexes form in situ in capillary walls by the complexing of anti-GBM 
antibodies with GBM antigens.  Cryoglobulinemic vasculitis   is vasculitis with 
immune deposits of cryoglobulins affecting small vessels and associated with cryo-
globulins in serum [ 2 ]. IgAV is vasculitis with IgA1-dominant immune deposits 
affecting small vessels. [ 2 ]. IgA-dominant glomerulonephritis that is indistinguish-
able from IgA nephropathy is often a component of IgAV. There is strong evidence 
that IgAV and IgA nephropathy are caused by abnormally  glycosylated IgGA1  , 
possibly complexed with anti-IgA1 autoantibodies [ 11 ]. In accord with the move-
ment to drop eponyms when more specifi c identifi ers or specifi c etiologic factors 
are known, CHCC 2012 eliminated the Henoch-Schönlein eponym [ 2 ]. 
   Hypocomplementemic urticarial vasculitis (HUV) was the least  common   SVV 
immune complex vasculitis that was included in CHCC 2012.  HUV   is vasculitis 
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accompanied by urticaria and hypocomplementemia affecting small vessels, very 
often if not always accompanied by circulating  anti-C1q autoantibodies   [ 2 ,  12 ]. 
Glomerulonephritis, arthritis, obstructive pulmonary disease, and ocular infl amma-
tion are common. Overlap with systemic lupus  erythematosus   may occur [ 12 ].  

3.5     Variable Vessel Vasculitis (VVV) 

  VVV   vasculitis is a new CHCC 2012 category that has no predominant type of ves-
sel involved but rather can affect vessels of any size (small, medium, and large) and 
type (aorta, arteries, veins, and capillaries) [ 2 ].  Behcet’s disease (BD)   and  Cogan’s 
syndrome   (CS) are distinct forms of VVV. 

    Behcet’s disease (BD) is simply defi ned as vasculitis occurring in patients with 
BD that can affect arteries or veins [ 2 ]. BD is characterized clinically by recurrent 
oral and/or genital aphthous ulcers accompanied by cutaneous, ocular, articular, 
gastrointestinal, and/or central nervous system infl ammatory lesions. The spectrum 
of vasculitis observed in BD includes small vessel  leukocytoclastic vasculitis  , 
thromboangiitis, thrombosis, arteritis, and arterial aneurysms. 

 VVV occurs in patients  with   Cogan’s syndrome, which is characterized by ocu-
lar infl ammatory lesions, including  interstitial keratitis  ,  uveitis  , and  episcleritis  , and 
inner ear disease, including  sensorineural hearing loss   and  vestibular dysfunction   
[ 2 ]. The spectrum of vasculitis observed in CS includes  aortitis  ,  aortic aneurysm  s, 
aortic and mitral valvulitis, and arteritis affecting small, medium, or large arteries 
[ 2 ]. The ocular and inner ear disease also may be manifestations of small vessels in 
the tissues of the eyes and ears.  

3.6     Single-Organ Vasculitis (SOV) 

  SOV   also is a new CHCC 2012 category and is vasculitis in a single organ. A very 
important caveat is  that   SOV does not have features that indicate that it is a limited 
expression of one of the other CHCC 2012 specifi c categories of systemic vasculitis 
[ 2 ]. For example,  AAV   limited to the kidneys or to the lungs should not be  called 
  SOV but rather should be considered renal-limited or pulmonary-limited  AAV  , 
respectively. 

  The   SOV diagnosis should specify the organ and/or vessel type that is targeted 
(e.g.  testicular arteritis  ,  cutaneous small vessel vasculitis  ,  central nervous system 
vasculitis  ). Some patients with a diagnosis of SOV may later develop additional 
disease manifestations that indicate one of the  systemic vasculitides  . For example, 
a patient may initially appear to  have   SOV cutaneous arteritis but subsequently be 
found to have arteritis in the kidney and gut indicative of systemic PAN.  
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3.7     Vasculitis Associated with Systemic Disease or Likely 
Etiology 

 This category of vasculitis is characterized by an accompanying systemic disease or 
other factor that is the likely cause for the vasculitis. The diagnosis for this vasculitis 
should have a prefi x that identifi es the associated systemic disease or etiology. 
Examples are  rheumatoid vasculitis  ,  lupus vasculitis  ,    hydralazine-associated  MPO- 
ANCA   MPA,  and   hepatitis C virus-associated cryoglobulinemic vasculitis. These 
latter two examples show that this category of vasculitis is not mutually exclusive of 
the other CHCC categories, but rather allows the recognition of a likely cause for a 
particular variant of vasculitis.  

3.8     Beyond CHCC 2012: Modifi cations and Criteria 
for Classifi cation and Diagnosis 

 As noted already, although CHCC 2012 provides defi nitions for distinct classes of 
vasculitis, and thus establishes the structure for a classifi cation system, the CHCC 
does not provide validated classifi cation or diagnostic criteria. Thus, beyond CHCC 
2012 is the need to develop and validate classifi cation or diagnostic criteria. The 
most robust ongoing effort to do this is by the Diagnostic and Classifi cation Criteria 
for Vasculitis (DCVAS) study, which is a multinational study designed to develop 
and validate diagnostic and classifi cation criteria for primary systemic vasculitis 
[ 13 ]. DCVAS aims to formulate these criteria on the basis of data from >2000 
patients with six different forms of vasculitis ( GPA  , MPA,  EGPA  , GCA, TAK and 
PAN) and 1500 comparators that will be recruited across medical centers in Europe, 
North America and Asia. Criteria will be based not only on pathologic features but 
also on detailed clinical, laboratory and imaging data, disease activity and damage 
index scores [ 13 ]. The data from this large and well-designed study also is likely to 
inform future adjustments to the CHCC nomenclature and classifi cation system. 

 A notable earlier attempt to develop a workable classifi cation system resulted in 
the  European Medicines Agency (EMA)   algorithm. The  EMA algorithm   was origi-
nally developed by a consensus group of experts on the epidemiology and clinical 
manifestations of  AAV   and PAN [ 14 ]. Their main objective was to provide a harmo-
nized system for the classifi cation of  EGPA  , GPA,  MPA   and PAN by combining 
1994 CHCC nomenclature and defi nitions [ 1 ,  2 ], 1990 American College of 
Rheumatology classifi cation criteria [ 15 ], and 1984  Lanham criteria   for  Churg- 
Strauss syndrome   [ 16 ]. The algorithm was initially developed in a cohort of 99 
Caucasians patients in a stepwise hierarchichal approach. The algorithm was rea-
sonably successful at classifying patients into a single class [ 14 ]. 

 Subsequently, The  EMA algorithm   was validated further in other populations 
[ 17 ,  18 ]. The original cohort also has been reassessed using the CHCC 2012 

J.C. Jennette et al.



25

 defi nitions showing that the  EMA algorithm   remains valid using the CHCC 2012 
defi nitions for classifying patients as  GPA  ,  MPA   or  EGPA   [ 19 ]. 

 A Registry for Childhood Vasculitis e-entry (ARChiVe) cohort study, which is a 
Childhood Arthritis and Rheumatology Research Alliance initiative, evaluated the 
classifi cation of  GPA   in children using multiple adult-derived classifi cation systems 
(including the  EMA algorithm  ) compared to GPA classifi cation using a validated 
pediatric system [ 20 ]. Multiple problems were identifi ed with classifi cation sensi-
tivity, specifi city and inter-system comparability. This study demonstrated that cur-
rent approaches to classifi cation are not ideal. 

 The classifi cation and diagnosis of vasculitis in children has been addressed 
more globally by the European League against Rheumatism, the Paediatric 
Rheumatology International Trial Organization, and the Paediatric Rheumatology 
European Society (EULAR/PRINTO/PRES) [ 21 ]. The proposed nomenclature and 
classifi cation categories are similar to the CHCC categories (Table  3.2 ). The 
EULAR/PRINTO/PRES group also established and endorsed consensus criteria for 
the classifi cation of childhood IgAV (Henoch-Schonlein purpura), KD, PAN, WG, 
or TAK [ 21 ]. These classifi cation criteria subsequently were modifi ed and further 
validated using a retrospective/prospective web-data collection method derived 
from evaluation of 1398 children. Once again, the system demonstrated good 

  Table 3.2    EULAR/PRINTO/
PRES endorsed names for 
childhood vasculitides  

  Predominantly large vessel vasculitis  
   Takayasu arteritis 
  Predominantly medium sized vessel vasculitis  
   Childhood polyarteritis nodosa 
   Cutaneous polyarteritis 
   Kawasaki disease 
  Predominantly small vessels vasculitis  
   Granulomatous 
    Wegener’s  granulomatosis   
     Churg-Strauss syndrome   
   Non-Granulomatous 
       Microscopic polyangiitis 
     Henoch-Schönlein purpura   
    Isolated cutaneous leucocytoclastic vasculitis 
    Hypocomplementic urticarial  vasculitis   
  Other vasculitides  
   Behcet disease 
   Vasculitis secondary to infection, malignancies, 

and drugs 
   Vasculitis associated with connective tissue 

diseases 
   Isolated vasculitis of the central nervous system 
   Cogan syndrome 
   Unclassifi ed 

  Modifi ed from Ozen et al. [ 21 ]  
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 specifi city and sensitivity for childhood IgAV (Henoch-Schonlein purpura), KD, 
PAN, WG, or TAK [ 22 ].

   Valuable parameters to use as classifi cation and diagnostic criteria are continu-
ally being developed, which is why the most effective classifi cation and diagnostic 
criteria will always evolve over time, even if the diagnostic categories (classes) 
remain more stable. For example, diagnostic and classifi cation criteria  for   LVV 
need to adjust to rapidly developing  imaging techniques   that can assess infl amma-
tion in large vessels. Recent studies have demonstrated that imaging studies can 
detect otherwise unsuspected infl ammation of the aorta and its major branches in 
GCA patients even when they lack classic cranial disease or biopsy evidence for 
GCA [ 23 ]. The practical use of imaging criteria for assessing GCA patients is illus-
trated by a clinical trial designed to test the effi cacy of  tocilizumab   to sustain remis-
sion in GCA that  uses   angiography or cross-sectional imaging studies such as 
magnetic resonance  angiography  ,  computed tomography angiography  , or positron 
emission  tomography   as classifi cation criteria for inclusion in the study [ 24 ]. 

 Another approach that has been proposed for improving classifi cation and diag-
nosis is the use of an  artifi cial neural network (ANN)  . For example, 23 clinical 
parameters were evaluated in a cohort of 240 patients with WG and 78 patients with 
 MPA   to generate classifi cation criteria using  ANN  , compared to traditional 
approaches based on a classifi cation tree and logistic regression [ 25 ]. Validation 
was performed by applying the same approaches to an independent cohort of 46 
patients with WG and 21 patients with  MPA  . On the basis of 4 clinical variables 
(pulmonary nodules, and involvement of nose, sinuses and ears),  ANN   was able to 
distinguish between  GPA   and  MPA   with an accuracy of >90 %. This was superior 
to using CHCC 1994 defi nitions, ACR classifi cation criteria or Sørensen diagnostic 
criteria [ 25 ]. Given this demonstration of the potential of current rudimentary  ANN   
technology, this approach has great promise for converting large sets of data, such 
as the DCVAS dataset [ 13 ], into effective classifi cation and diagnostic criteria for 
categories (classes) of vasculitis that have biological and clinical relevance. Machine 
learning algorithms, including  ANN   technology, can be either unsupervised or 
supervised. For example, a supervised learning algorithm could utilize training data 
derived from patients with a set of gold standard fi ndings that fulfi ll the CHCC defi -
nitions for different classes of vasculitis. It will be interesting to compare the classes 
of vasculitis identifi ed by unsupervised compared to supervised machine learning 
algorithms. It also will be interesting to see how machine generated vasculitis 
classes correspond to the CHCC classes devised by mere mortals.      
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    Chapter 4   
 Search for Autoantibodies in Systemic 
Vasculitis: Is It Useful?                     

     Joice     M.  F.  M.     Belem    ,     Bruna     Savioli    , and     Alexandre     Wagner     Silva     de     Souza    

    Abstract     The detection of autoantibodies is a useful tool for the diagnosis of some 
small-vessel systemic vasculitides and may be an alternative when tissue biopsy is 
not conclusive or not available. Antineutrophil cytoplasmic antibodies (ANCA) are 
biomarkers of ANCA-associated vasculitis and are detected by indirect immuno-
fl uorescence (IIF) with three main patterns described as follows: cytoplasmic 
(C-ANCA), perinuclear (P-ANCA) and atypical (A-ANCA). ANCA specifi city 
may be determined by enzyme-linked immunosorbent assay (ELISA) for anti- 
proteinase 3 (anti-PR3) and anti-myeloperoxidase (anti-MPO) antibodies. ANCA is 
not only important for the diagnosis of ANCA-associated vasculitis, their specifi c-
ity has also been associated with disease phenotype and with relapse risk. ANCA 
are also detected in infl ammatory bowel diseases, primary sclerosing cholangitis, 
autoimmune hepatitis and in drug-induced ANCA-associated vasculitis. Other auto-
antibodies that may be detected in sera from patients with small vessel vasculitis are 
anti-glomerular basement membrane (anti-GBM) antibodies and anti-C1q antibod-
ies which may be useful in establishing the diagnosis of anti-GBM antibody disease 
and hypocomplementemic urticarial vasculitis, respectively. The investigation of 
cryoglobulinemic vasculitis includes the detection of cryoglobulins and rheumatoid 
factor. Although, some autoantibodies have been described in patients with medium 
and large vessel vasculitides (e.g. antiendothelial cell antibodies, anti-aorta and 
anti-ferritin antibodies), the search for these autoantibodies is not useful for the 
investigation of systemic vasculitis.  
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4.1       Introduction 

 Systemic vasculitides are a group of heterogeneous, multisystem diseases, charac-
terized by infl ammation and necrosis in vessel walls. There is a broad spectrum of 
signs and symptoms of systemic vasculitis, and diagnosis rely on recognizing a 
clinical pattern of the disease and is supported by appropriate investigations [ 1 ,  2 ]. 
Prompt diagnosis of a systemic vasculitis is of the utmost importance, since delays 
in commencing therapy may lead to damage accrual and impact prognosis, resulting 
in increased morbidity and even mortality [ 3 ]. Depending on vessel size predomi-
nantly affected by the vasculitic process, the precise diagnosis of a systemic vascu-
litis may be confi rmed by imaging studies (e.g. conventional  angiography   or 
magnetic resonance  angiography  ) for patients with large and medium vessel  vascu-
litis   or by tissue biopsy in patients presenting manifestations suggestive of medium 
and small vessel vasculitis. The search for autoantibodies is important to ascertain 
the diagnosis of specifi c sub-groups of small vessel vasculitis, such as antineutro-
phil cytoplasmic antibodies-associated vasculitis, anti-glomerular basement mem-
brane (anti-GBM) disease  and   hypocomplementemic urticarial vasculitis (HUV) 
[ 1 – 3 ]. 

 Cryoglobulins are immunoglobulins that precipitate  in vitro  at temperatures <37 
°C and solubilize after re-warming, they may be monoclonal immunoglobulins, 
immune complex containing antigen and mono/polyclonal antibodies or only poly-
clonal antibodies.  Cryoglobulinemic vasculitis   is frequently associated with hepati-
tis C-virus infection [ 4 ]. The investigation of cryoglobulins will be reviewed 
elsewhere in this book.  

4.2     Antineutrophil Cytoplasmic Antibodies (ANCA) 

   ANCA   are antibodies against constituents of primary (azurophilic) granules of neu-
trophils and lysosomes of monocytes [ 5 ]. The fi rst description of ANCA dates back 
to 1982, when Davies et al. described eight patients with  segmental   necrotizing 
glomerulonephritis who presented in their sera a factor that stained the cytoplasm of 
neutrophils at indirect immunofl uorescence (IIF). The cause of this glomerulone-
phritis was attributed to the infection by Ross River virus and not much attention 
was given to ANCA until 1985, when van der Woude et al. described the association 
between ANCA  and   granulomatosis with polyangiitis (GPA) (formerly Wegener’s) 
[ 6 ,  7 ]. Two patterns of ANCA, cytoplasmic and perinuclear (i.e.  C-ANCA   and 
 P-ANCA  , respectively) were then recognized (Fig.  4.1a and b ) and antigen specifi c-
ity for  P-ANCA   with anti-myeloperoxidase (anti-MPO) antibodies was discovered 
in 1988, whereas the antigen specifi city for  C-ANCA   with anti-proteinase 3 (anti-
PR3) antibodies was found in 1990 [ 8 ,  9 ]. Moreover, atypical patterns of ANCA 
(A-ANCA) (Fig.  4.1c ), were recognized to be associated with antibodies to other 

J.M.F.M. Belem et al.



31

  Fig. 4.1    Antineutrophil cytoplasmic antibodies detected by indirect immunofl uorescence in 
ethanol- fi xed human neutrophils 
 This fi gure illustrates the  C-ANCA   pattern displaying a coarse cytoplasmic granular staining with 
inter-lobular enhancement ( a ), in patients with a  positive   ANCA test and a negative ANA test, no 
fl uorescence is observed in lymphocytes present in the slide.  P-ANCA   pattern is a perinuclear 
staining on neutrophils with nuclear extension ( b ) while in atypical perinuclear A-ANCA no 
nuclear extension is observed ( c ).  ANA  antinuclear antibodies,     ANCA  antineutrophil cytoplasmic 
antibodies       
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 neutrophil enzymes  , such as lactoferrin, cathepsin G, elastase, azurocidin, and bac-
terial permeability increasing protein (BPI) [ 10 ].

4.2.1       Methods 

 The main assays for detecting ANCA in sera are IIF on ethanol-fi xed human neutro-
phils and on formalin-fi xed neutrophils, as well as enzyme-linked immunosorbent 
assay (ELISA) for anti-MPO and anti-PR3 antibodies [ 11 ]. Granule’s permeability is 
increased in neutrophils treated with ethanol and this process leads to redistribution 
of the cationic  MPO   from the cytoplasm to the perinuclear area while  PR3   remains 
scattered in the cytoplasm. Since  P-ANCA   is an artifact due to ethanol fi xation of 
neutrophils, patients presenting  P-ANCA   by IIF in ethanol-fi xed slides and anti-
MPO antibodies detected by ELISA become  C-ANCA   when IIF is performed in 
formalin-fi xed neutrophils. IIF with formalin-fi xed neutrophils is also useful to dif-
ferentiate  P-ANCA   due to anti-MPO antibodies from positive antinuclear antibodies 
(ANA) in Hep-2 cells when the ELISA technique is not available [ 12 ]. 

 The International Consensus Statement on Testing and Reporting ANCA recom-
mends the combination of IIF and ELISA for the detection of ANCA when investi-
gating ANCA-associated  vasculitides  . Up to 10 % of ANCA positive patients 
present only IFI positive results. As stated above, the main patterns in IIF are the 
cytoplasmic ( C-ANCA  ) pattern (Fig.  4.1a ) that shows a diffuse granular cytoplas-
mic staining with interlobular accentuation, and the perinuclear ( P-ANCA  ) pattern 
(Fig.  4.1b ) displaying perinuclear fl uorescence with nuclear extension.  C-ANCA   is 
associated with anti-PR3 antibodies and  P-ANCA   is associated with anti-MPO anti-
bodies [ 11 ,  13 ]. Regarding the A-ANCA pattern, it appears as perinuclear staining 
without nuclear extension (Fig.  4.1c ) or diffuse fl at cytoplasmic staining or the com-
bination of both cytoplasmic and nuclear/perinuclear staining on neutrophils [ 11 ]. 

 In clinical practice, the investigation of ANCA specifi city by ELISA includes the 
search for anti-PR3 and anti-MPO antibodies [ 14 ]. Currently, there are three gen-
erations of ELISA tests for detecting ANCA, the fi rst generation ELISA applies 
absorption coating methods with target antigens directly immobilized to the surface 
of the ELISA plate. However, this may induce pitfalls that decrease sensitivity by 
masking and deformation of epitopes of  PR3   and  MPO   [ 11 ,  14 ]. Second and third 
generation ELISA tests were developed to improve sensitivity lost by the fi rst gen-
eration ELISA. The second generation ELISA or capture ELISA uses capture mol-
ecules mainly monoclonal antibodies to bind the ANCA antigen to the ELISA plate 
and the third generation ELISA uses anchor molecules to bind the antigen to the 
plate [ 11 ,  13 – 15 ]. 

 More recently, novel techniques have been developed to detect ANCA, including 
automated fl uorescent techniques with the acquisition of high-resolution digital 
images that are analyzed by software programs which determine positivity and 
ANCA pattern. To detect antigen specifi city for ANCA, assays other than ELISA 
have also been developed such as chemoiluminescent immunoassay and bead-based 

J.M.F.M. Belem et al.



33

fl ow cytometry assays. All of them have been tested to detect anti-PR3 and anti- 
MPO antibodies but are not available in most laboratories [ 11 ,  15 ].  

4.2.2     ANCA-Associated Vasculitides 

 ANCA are the serological biomarkers of a group of small-vessel necrotizing vascu-
litides with few or no immune deposits in vessel walls (i.e.  pauci-immune vasculi-
tis  ) termed as ANCA-associated vasculitides ( AAV  ).  GPA  ,    microscopic polyangiitis 
(MPA),    eosinophilic granulomatosis with polyangiitis (EGPA) and renal limited 
vasculitis (RLV) are the main  AAV   [ 16 ]. 

 The detection of ANCA is useful for the diagnosis of a patient with suspect  AAV  . 
ANCA is positive in approximately 90 % of  GPA   patients with generalized disease 
and in up to 40 % of GPA patients with localized disease. In  GPA   patients with a 
positive ANCA test, 80–95 % present  C-ANCA   by IIF and anti-PR3 antibodies by 
ELISA (i.e.  PR3-ANCA  ), whereas 5–20 % present  P-ANCA   and anti-MPO anti-
bodies (i.e.  MPO-ANCA  ) [ 17 ]. In other  AAV  , most ANCA positive patients present 
 MPO-ANCA  , ANCA positivity is approximately 70 % in  MPA  , and 38 % in  EGPA  , 
whereas in RVL it ranges from 70 to 90 % [ 18 – 20 ]. In the appropriate clinical con-
text with a high pre-test probability (i.e. patient with suspect  AAV   presenting mani-
festations of small vessel vasculitis) the presence of  PR3-ANCA   yields a specifi city 
of 98 % for the diagnosis of  GPA   while the positivity  for   MPO-ANCA has a speci-
fi city of 99.4 % for  AAV  . However, a negative result of ANCA test does not rule out 
 AAV   [ 21 ,  22 ]. 

 Although the role of ANCA is well established for the diagnosis of  AAV  , positiv-
ity of ANCA is not adequate for monitoring disease activity and following its titers 
is controversial regarding the prediction of disease relapses. Instead, disease activity 
in  AAV   is best evaluated by the  Birmingham Vasculitis Activity Score (BVAS)   
rather than by serum ANCA titers [ 12 ,  23 ]. A recent meta- analysis demonstrated 
that a rise in ANCA titers or their persistence is only modestly associated with pre-
dicting disease relapse [ 24 ]. Indeed, the presence of  PR3-ANCA   is independently 
associated with an increased risk of relapses while specifi c  AAV   diagnosis (e.g. 
 GPA  ,  MPA   or RLV) defi ned by  the   Chapel Hill Consensus Conference (CHCC) and 
by European Medicines  Agency   (EMA) system were not predictive of disease 
relapses. Furthermore, ANCA specifi city is also associated with disease phenotypes 
in  AAV  , patients with RLV or with vasculitic manifestations without evidence of 
granulomatous infl ammation are more likely to  present   MPO-ANCA, whereas 
patients with necrotizing granulomatous infl ammation are more likely to present 
 PR3-ANCA   [ 25 ]. Genetic background in  AAV   is more linked with ANCA specifi c-
ity rather than with disease phenotypes. A genome-wide association study (GWAS)    
showed  that   PR3-ANCA is associated with HLA-DP and with genes encoding 
α1-anti-trypsin (SERPINA1) and  PR3   (PRTN3).    MPO-ANCA is, in turn, associated 
with HLA-DQ [ 26 ]. 
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 In  EGPA  , ANCA positivity is also associated with disease phenotypes. ANCA- 
positive patients present a higher frequency of vasculitic manifestations such as 
glomerulonephritis, purpura and mononeuritis multiplex, whereas disease manifes-
tations in ANCA-negative patients are more linked to tissue infi ltration of eosino-
phils that often leads to cardiopulmonary involvement [ 27 ].  

4.2.3     ANCA Positivity in Other Diseases 

 At presentation, up to 40 % of patients with anti-glomerular basement membrane 
(GBM) antibody disease are ANCA positive, mainly with anti-MPO antibodies 
[ 28 ]. The meaning of this association is not completely understood, one study 
showed that patients with anti-GBM antibody disease  and   MPO-ANCA present 
unusual features for anti-GBM disease such as purpura and joint pain, while in 
another study,    MPO-ANCA were associated with worse renal prognosis [ 29 – 31 ]. 

 ANCA are also frequently found in some autoimmune gastrointestinal diseases 
such  as   infl ammatory bowel diseases, especially  ulcerative colitis  , primary scleros-
ing cholangitis and autoimmune hepatitis. In those diseases, A-ANCA is usually 
observed with specifi city mostly against antigens other than  MPO   or  PR3   [ 5 ,  15 ]. 
ANCA are also positive in  drug-induced ANCA-associated vasculitis   and in the 
vasculopathy induced by the use of levamisole-contaminated cocaine. Drugs usu-
ally associated with the development of ANCA are  propylthiouracil  , hydralazine, 
 minocycline  , penicillamine, procainamide and allopurinol, to name but a few. In 
 drug-induced ANCA-associated vasculitis  , anti-MPO, anti-elastase and anti- 
lactoferrin antibodies are most commonly found [ 32 ,  33 ].  

4.2.4     Anti-Lysosome Associated Membrane Protein-2 
Antibodies 

 Anti-lysosome associated membrane protein-2 (anti-LAMP-2) antibodies are con-
sidered a subtype of ANCA due to the close relation between its antigen with  PR3   
and  MPO   in intracellular vesicles of neutrophils. However, LAMP-2 is also 
expressed in lysosomes of monocytes, neutrophils  and   endothelial cells. There is a 
strong  molecular mimicry   between the epitope P 41–49  of LAMP-2 and an epitope in 
FimH, a bacterial adhesin from fi mbriated bacteria such as  Escherichia coli  [ 14 ]. 
   Anti-LAMP-2 antibodies were fi rst described in the context of  AAV   by a small 
study that evaluated 15 RVL patients and amongst them, 13 patients (87 %) were 
positive  for   anti-LAMP-2 antibodies by a western blot technique [ 34 ]. Subsequently, 
two large multicenter studies performed in six European cohorts confi rmed the high 
prevalence  of   anti-LAMP-2 antibodies in active patients with different  AAV   subsets 
(i.e.  GPA  ,  MPA   and RLV) ranging from 80 to 93 %. Conversely,    anti-LAMP-2 
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antibodies were present in only 7 % of  AAV   patients in remission [ 35 ,  36 ]. 
Nonetheless, a study performed in  AAV   patients from the US that included either 
patients with active disease and in remission found a prevalence  of   anti-LAMP-2 
antibodies of only 21 %. The reasons for the differences in these studies may be the 
use of different techniques to  detect   anti-LAMP-2 antibodies and the inclusion of 
patients in different disease phases (i.e. active and remission) [ 14 ,  37 ]. More 
recently, a study performed in ANCA negative  AAV   patients  found   anti-LAMP-2 
antibodies in 73 % of them and IgG from their sera were shown to bind to normal 
human kidney sections and to  human   endothelial cells in culture. This fi nding sug-
gests a potential role  of   anti-LAMP-2 antibodies in the pathogenesis of  AAV   in 
ANCA-negative patients [ 38 ]. Despite the amount of evidence regarding the poten-
tial role  of   anti- LAMP- 2 antibodies in  AAV  , this issue is still a matter of controversy 
and the search for these antibodies is not available in routine clinical practice [ 14 ].    

4.3     Anti-Glomerular Basement Membrane Antibodies 

  Anti- GBM   antibodies are biomarkers for the anti-GBM antibody disease (formerly 
 Goodpasture’s disease  ) which has been recently included as a small-vessel immune 
complex vasculitis by the  2012   CHCC. The conventional term Goodpasture’s dis-
ease is often reserved for those patients with renal and pulmonary manifestations in 
the presence of anti-GBM antibodies [ 16 ]. The typical presentation of pulmonary- 
renal syndrome is found in 40–60 % of the patients with anti-GBM antibody dis-
ease. Renal involvement is due to  crescentic glomerulonephritis   and is manifested 
as rapidly progressive glomerulonephritis with nephritic urinary sediment. 
Pulmonary involvement in anti-GBM antibody disease ranges from dyspnea and 
cough to overt pulmonary hemorrhage [ 39 ]. 

 The detection of anti-GBM antibodies is mandatory for the diagnosis of anti- 
GBM antibody disease in a patient with pulmonary-renal syndrome or with rapidly 
progressive glomerulonephritis. These antibodies may be detected in the kidney 
tissue or in serum, the latter is only reserved for patients with contra-indications to 
perform a renal biopsy. To detect the presence of anti-GBM antibodies in renal tis-
sue, the direct immunofl uorescence needs to be performed and a linear deposition 
of IgG is observed on glomerular capillaries [ 40 ]. Alternatively, the ELISA test is 
used to detect circulating anti-GBM antibodies and its sensitivity ranges from 65 
to 100 %. ELISA assays that use purifi ed or recombinant alpha-3 chain of collagen 
IV present the best sensitivity. In a review of 77 patients, the titers of antibodies 
directed to the N-terminal domain of  NC1   were correlated with renal survival. 
Antigen specifi city may also be confi rmed by western blot but IIF rarely needs to 
be performed [ 41 ].   
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4.4     Anti-C1q Antibodies 

 Anti-C1q antibodies are autoantibodies against the classic pathway complement 
component “C1q”. These antibodies have been considered biomarkers for  HUV   
[ 16 ]. However, they are not specifi c for  HUV  , since they can also be detected in 
other autoimmune rheumatic diseases, such as lupus nephritis, and in infectious 
diseases, including hepatitis C and HIV infection [ 42 ,  43 ]. 

  HUV   is an entity characterized by an infl ammatory injury of vessels from the 
skin and other organs and systems, associated with complement consumption. 
Recently,  HUV   has been classifi ed as an immune complex small-vessel vasculitis 
by the  2012   CHCC [ 16 ]. Besides cutaneous lesions (e.g. wheals that persist for 
more than 24 h), common features of  HUV   include glomerulonephritis, arthralgia 
or arthritis, lung involvement, gastrointestinal vasculitis, and ocular infl ammation. 
Skin biopsy of urticarial lesions display cutaneous  leukocytoclastic vasculitis   [ 42 ]. 

 Anti-C1q antibodies are usually detected by the ELISA technique. Although pre-
vious small studies had shown up to 100 % positivity of anti C1q in  HUV   [ 42 – 44 ], 
a recent French nationwide retrospective study was performed in 57  HUV   patients 
and found a prevalence of 55 % of anti-C1q antibodies. On the other hand, this 
study indicated that low serum C1q levels in the setting of  HUV   is a more sensitive 
marker than anti-C1q antibodies. Furthermore, anti-C1q antibodies in  HUV   patients 
are associated with specifi c clinical features, including a higher frequency of angio-
edema,  livedo reticularis  , ocular involvement, musculoskeletal and renal involve-
ment with less frequent pulmonary and gastrointestinal manifestations [ 45 ].  

4.5     Other Autoantibodies in Systemic Vasculitis 

 Several autoantibodies have been described in patients with systemic vasculitis 
(Table  4.1 ). However, to date the clinical relevance of many of these antibodies 
needs to be determined and, thus, they are not available for routine clinical practice 
[ 14 ]. For more than one decade, the presence  of   anti-endothelial cell antibodies 
(AECA) have been evaluated in different  systemic vasculitides  , including Takayasu 
arteritis, giant cell  arteritis  , polyarteritis nodosa,  GPA  ,  MPA  ,  EGPA  , Kawasaki dis-
ease, IgA vasculitis and Behçet’s disease [ 46 ].    AECA comprise a heterogeneous 
family of antibodies against diverse target antigens present  in   endothelial cell mem-
brane [ 47 ]. Several techniques were developed with different antigenic substrates to 
 detect   AECA, including ELISA, IIF, western blot and radioimmunoassay. The prev-
alence  of   AECA in different vasculitides is highly variable, with those antibodies 
being more prevalent in Takayasu arteritis and  GPA  , and least found in  EGPA    and 
  polyarteritis nodosa [ 46 ].  Anti-ferritin antibodies   were described in giant cell  arte-
ritis   and in Takayasu arteritis, whereas in the latter anti-aorta, anti-monocytes  and 
  anti-annexin V antibodies were also described [ 48 – 52 ]. However, their clinical rel-
evance is still unknown.
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   IgA vasculitis is a small-vessel vasculitis caused predominantly by IgA1 immune 
complex deposition in vessel walls [ 16 ]. High levels of IgA are observed in 50–70 % 
of patients with active disease and may be associated with renal involvement. 
Immune deposits in vessel walls of patients with IgA vasculitis comprise mainly 
IgA and C 3  [ 53 ,  54 ]. Abnormal glycosylation of IgA1 (e.g. galactose defi cient IgA1) 
is implicated in the pathogenesis of IgA vasculitis with an increased synthesis and a 
decreased clearance of IgA, as well as the production of circulating IgA1-IgA and 
IgA1-IgG immune complexes, IgA  rheumatoid factor (RF)  , IgA ANCA and even 
IgA anticardiolipin antibodies. However, the diagnosis of IgA vasculitis is estab-
lished by tissue biopsy showing neutrophil infi ltration and direct  immunofl uorescence 
with IgA deposit in small vessels in a patient presenting features suggestive of IgA 
vasculitis [ 54 ]. To date, there is no evidence that the detection of autoantibodies 
would be useful for the diagnosis of this small-vessel vasculitis. 

 RF is classically an antibody against the Fc fraction of IgG; in clinical practice 
RF is mostly detected as IgM antibodies against IgG [ 55 ]. However, as stated previ-
ously, IgA RF is associated with IgA vasculitis and IgG RF has been described in 
rheumatoid vasculitis [ 54 ,  55 ]. In systemic vasculitis, monoclonal IgM RF is 

  Table 4.1    Autoantibodies in 
primary  systemic vasculitides    

 Vasculitis  Autoantibodies 

 Takayasu arteritis     AECA 
 Anti-aorta antibodies 
 Anti-ferritin antibodies 
    Anti-annexin V antibodies 
 Anti-monocyte antibodies 

 Giant cell  arteritis        AECA   
 Anti-ferritin antibodies 

    Polyarteritis nodosa     AECA 
    Kawasaki disease     AECA 
 ANCA-associated vasculitides     AECA 

  PR3-ANCA   
    MPO- ANCA   
 Anti-LAMP-2 antibodies 

 Immune complex vasculitides  Anti-C1q antibodies 
 Anti-GBM antibodies 
 Cryoglobulins 
 IgA-ANCA 
 IgA-Anticardiolipin 
 Rheumatoid  factor   

  Adapted from Silva de Souza [ 14 ] 
 AECA – Antiendothelial cell  antibodies  ; ANCA – 
Antineutrophil cytoplasmic antibodies; GBM – glomerular 
basement  membrane  ; LAMP-2 – Lysosome associated mem-
brane protein-2;  MPO   – Myeloperoxidase;    PR3 – Proteinase 3  
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 frequently detected at high levels in patients with type II and type III  mixed cryo-
globulinemia   [ 4 ].  

4.6     Conclusion 

 The search for autoantibodies is a valuable diagnostic tool for the diagnosis of small 
vessel vasculitides such as  AAV  , anti-GBM antibody disease and  HUV  . To date, the 
most relevant autoantibodies for clinical practice are  ANCA  , anti-MPO and anti-
 PR3 antibodies, anti-GBM antibodies, anti-C1q antibodies, cyoglobulins and rheu-
matoid  factor  . The usefulness of other autoantibodies for the diagnosis of systemic 
vasculitis has yet to be determined.     

  Acknowledgements   Authors thank prof. Luis Eduardo Coelho Andrade, Silvia Helena Rodrigues 
and Marcele Grecco for their valuable contribution to this book chapter.  

   References 

     1.    Nataraja A, Mukhtyar C, Hellmich B, Langford C, Luqmani R (2007) Outpatient assessment 
of systemic vasculitis. Best Pract Res Clin Rheumatol 21:713–732. doi:  10.1016/j.
berh.2007.01.004      

    2.    Jayne D (2009) The diagnosis of vasculitis. Best Pract Res Clin Rheumatol 23:445–453. 
doi:  10.1016/j.berh.2009.03.001      

     3.    Miller A, Chan M, Wiik A, Misbah SA, Luqmani RA (2010) An approach to the diagnosis and 
management of systemic vasculitis. Clin Exp Immunol 160:143–160. 
doi:  10.1111/j.1365-2249.2009.04078.x      

     4.    Ramos-Casals M, Stone JH, Cid MC, Bosch X (2012) The cryoglobulinaemias. Lancet 
379:348–360. doi:  10.1016/S0140-6736(11)60242-0      

     5.    Bosch X, Guilabert A, Font J (2006) Antineutrophil cytoplasmic antibodies. Lancet 
368:404–418  

    6.    Davies DJ, Moran JE, Niall JF, Ryan GB (1982) Segmental necrotising glomerulonephritis 
with antineutrophil antibody: possible arbovirus aetiology? Br Med J (Clin Res Ed) 285:606  

    7.    van der Woude FJ, Rasmussen N, Lobatto S, Wiik A, Permin H, van Es LA et al (1985) 
Autoantibodies against neutrophils and monocytes: tool for diagnosis and marker of disease 
activity in Wegener’s granulomatosis. Lancet 1:425–429  

    8.    Falk RJ, Jennette JC (1988) Anti-neutrophil cytoplasmic autoantibodies with specifi c city for 
myelopreoxidase in patients with systemic vasculitis and idiopathic necrotizing and crescentic 
glomerulonephritis. N Engl J Med 318:1651–1657  

    9.    Jennette JC, Hoidal JR, Falk RJ (1990) Specifi city of anti-neutrophil cytoplasmic autoantibod-
ies for proteinase 3. Blood 75:2263–2264  

    10.    Wiik AS (2001) Clinical use of serological tests for antineutrophil cytoplasmic antibodies. 
What do the studies say? Rheum Dis Clin North Am 27:799–813  

         11.    Csernok E, Moosig F (2014) Current and emerging techniques for ANCA detection in vascu-
litis. Nat Rev Rheumatol 10:494–501. doi:  10.1038/nrrheum.2014.78      

     12.    Sinico RA, Radice A (2014) Antineutrophil cytoplasmic antibodies (ANCA) testing: detection 
methods and clinical application. Clin Exp Rheumatol 32(3 Suppl 82):S112–S117  

J.M.F.M. Belem et al.

http://dx.doi.org/10.1016/j.berh.2007.01.004
http://dx.doi.org/10.1016/j.berh.2007.01.004
http://dx.doi.org/10.1016/j.berh.2009.03.001
http://dx.doi.org/10.1111/j.1365-2249.2009.04078.x
http://dx.doi.org/10.1016/S0140-6736(11)60242-0
http://dx.doi.org/10.1038/nrrheum.2014.78


39

     13.    Savige J, Gillis D, Benson E, Davies D, Esnault V, Falk RJ et al (1999) International consensus 
statement on testing and reporting of Antineutrophil Cytoplasmic Antibodies (ANCA). Am 
J Clin Pathol 111:507–513  

          14.    Silva de Souza AW (2015) Autoantibodies in systemic vasculitis. Front Immunol 6:184. 
doi:  10.3389/fi mmu.2015.00184      

      15.    Schulte-Pelkum J, Radice A, Norman GL, Lόpez Hoyos M, Lakos G, Buchner C et al (2014) 
Novel clinical and diagnostic aspects of antineutrophil cytoplasmic antibodies. J Immunol Res 
2014, 185416. doi:  10.1155/2014/185416      

        16.    Jennette JC, Falk RJ, Bacon PA, Basu N, Cid MC, Ferrario F et al (2013) 2012 revised 
International Chapel Hill consensus conference nomenclature of Vasculitides. Arthritis Rheum 
65:1–11. doi:  10.1002/art.37715      

    17.    Hoffman GS, Specks U (1998) Antineutrophil cytoplasmic antibodies. Arthritis Rheum 
41:1521–1537  

    18.    Guillevin L, Durand-Gasselin B, Cevallos R, Gayraud M, Lhote F, Callard P et al (1999) 
Microscopic polyangiitis: clinical and laboratory fi ndings in eighty-fi ve patients. Arthritis 
Rheum 42:421–430  

   19.    Sablé-Fourtassou R, Cohen P, Mahr A, Pagnoux C, Mouthon L, Jayne D et al (2005) French 
Vasculitis Study Group. Antineutrophil cytoplasmic antibodies and the Churg-Strauss syn-
drome. Ann Int Med 143:632–638  

    20.    Rutgers A, Sanders JS, Stegeman CA, Kallenberg CG (2010) Pauci-immune necrotizing glo-
merulonephritis. Rheum Dis Clin North Am 36:559–572. doi:  10.1016/j.rdc.2010.05.002      

    21.    Rao JK, Weinberger M, Oddone EZ, Allen NB, Landsman P, Feussner JR (1995) The role of 
antineutrophil cytoplasmic antibody (c-ANCA) testing in the diagnosis of Wegener granulo-
matosis. A literature review and meta-analysis. Ann Int Med 123:925–932  

    22.    Choi HK, Liu S, Merkel PA, Colditz GA, Niles JL (2001) Diagnostic performance of antineu-
trophil cytoplasmic antibody tests for idiopathic vasculitides: meta-analysis with a focus on 
antimyeloperoxidase antibodies. J Rheumatol 28:1584–1590  

    23.    Mukhtyar C, Lee R, Brown D, Carruthers D, Dasgupta B, Dubey S et al (2009) Modifi cation 
and validation of the Birmingham vasculitis activity score (version 3). Ann Rheum Dis 
68:1827–1832. doi:  10.1136/ard.2008.101279      

    24.    Tomasson G, Grayson PC, Mahr AD, Lavalley M, Merkel PA (2012) Value of ANCA measure-
ments during remission to predict a relapse of ANCA-associated vasculitis-a meta- analysis. 
Rheumatology (Oxford) 51:100–109. doi:  10.1093/rheumatology/ker280      

    25.    Lionaki S, Blyth ER, Hogan SL, Hu Y, Senior BA, Jennette CE et al (2012) Classifi cation of 
antineutrophil cytoplasmic autoantibody vasculitides: the role of antineutrophil cytoplasmic 
autoantibody specifi city for myeloperoxidase or proteinase 3 in disease recognition and prog-
nosis. Arthritis Rheum 64:3452–3462. doi:  10.1002/art.34562      

    26.    Lyons PA, Rayner TF, Trivedi S, Holle JU, Watts RA, Jayne DR et al (2012) Genetically dis-
tinct subsets within ANCA-associated vasculitis. N Engl J Med 367:214–223. doi:  10.1056/
NEJMoa1108735      

    27.    Sinico RA, Bottero P (2009) Churg-Strauss angiitis. Best Pract Res Clin Rheumatol 23:355–
366. doi:  10.1016/j.berh.2009.02.004      

    28.    Hellmark T, Niles JL, Collins AB, McCluskey RT, Brunmark C (1997) Comparison of anti- 
GBM antibodies in sera with or without ANCA. J Am Soc Nephrol 8:376–385  

    29.    Jayne DR, Marshall PD, Jones SJ, Lockwood CM (1990) Autoantibodies to GBM and neutro-
phil cytoplasm in rapidly progressive glomerulonephritis. Kidney Int 37:965–970  

   30.    Yang G, Tang Z, Chen Y, Zeng C, Chen H, Liu Z et al (2005) Antineutrophil cytoplasmic 
antibodies (ANCA) in Chinese patients with anti-GBM crescentic glomerulonephritis. Clin 
Nephrol 63:423–428  

    31.    Rutgers A, Slot M, van Paassen P, van Breda VP, Heeringa P, Tervaert JW (2005) Coexistence 
of anti-glomerular basement membrane antibodies and myeloperoxidase-ANCAs in crescentic 
glomerulonephritis. Am J Kidney Dis 46:253–262  

4 Search for Autoantibodies in Systemic Vasculitis: Is It Useful?

http://dx.doi.org/10.3389/fimmu.2015.00184
http://dx.doi.org/10.1155/2014/185416
http://dx.doi.org/10.1002/art.37715
http://dx.doi.org/10.1016/j.rdc.2010.05.002
http://dx.doi.org/10.1136/ard.2008.101279
http://dx.doi.org/10.1093/rheumatology/ker280
http://dx.doi.org/10.1002/art.34562
http://dx.doi.org/10.1056/NEJMoa1108735
http://dx.doi.org/10.1056/NEJMoa1108735
http://dx.doi.org/10.1016/j.berh.2009.02.004


40

    32.    Wiik A (2008) Drug-induced vasculitis. Curr Opin Rheumatol 20:35–39. doi:  10.1097/
BOR.0b013e3282f1331f      

    33.    Pendergraft WF 3rd, Niles JL (2014) Trojan horses: drug culprits associated with antineutro-
phil cytoplasmic autoantibody (ANCA) vasculitis. Curr Opin Rheumatol 26:42–49. 
doi:  10.1097/BOR.0000000000000014      

    34.    Kain R, Matsui K, Exner M, Binder S, Schaffner G, Sommer EM et al (1995) A novel class of 
autoantigens of anti-neutrophil cytoplasmic antibodies in necrotizing and crescentic glomeru-
lonephritis: the lysosomal membrane glycoprotein h-lamp-2 in neutrophil granulocytes and a 
related membrane protein in glomerular endothelial cells. J Exp Med 181:585–597  

    35.    Kain R, Tadema H, McKinney EF, Benharkou A, Brandes R, Peschel A et al (2012) High 
prevalence of autoantibodies to hLAMP-2 in anti-neutrophil cytoplasmic antibody-associated 
vasculitis. J Am Soc Nephrol 23:556–566. doi:  10.1681/ASN.2011090920      

    36.    Kain R, Exner M, Brandes R, Ziebermayr R, Cunningham D, Alderson CA et al (2008) 
Molecular mimicry in pauci-immune focal necrotizing glomerulonephritis. Nat Med 14:1088–
1096. doi:  10.1038/nm.1874      

    37.    Roth AJ, Brown MC, Smith RN, Badhwar AK, Parente O, Chung H et al (2012) Anti-LAMP-2 
antibodies are not prevalent in patients with antineutrophil cytoplasmic autoantibody glomeru-
lonephritis. J Am Soc Nephrol 23:545–555. doi:  10.1681/ASN.2011030273      

    38.    Peschel A, Basu N, Benharkou A, Brandes R, Brown M, Dieckmann R et al (2014) 
Autoantibodies to hLAMP-2 in ANCA-negative pauci-immune focal necrotizing GN. J Am 
Soc Nephrol 25:455–463. doi:  10.1681/ASN.2013030320      

    39.    Lazor R, Bigay-Gamé L, Cottin V, Cadranel J, Decaux O, Fellrath JM et al (2007) Groupe 
d’Etudes et de Recherche sur les Maladies Orphelines Pulmonaires (GERMOP); Swiss Group 
for Interstitial and Orphan Lung Diseases (SIOLD). Alveolar hemorrhage in anti-basement 
membrane antibody disease: a series of 28 cases. Medicine (Baltimore) 86:181–193  

    40.    Boyce NW, Holdsworth SR (1986) Pulmonary manifestations of the clinical syndrome of 
acute glomerulonephritis and lung hemorrhage. Am J Kidney Dis 8:31–36  

    41.    Greco A, Rizzo MI, De Virgilio A, Gallo A, Fusconi M, Pagliuca G et al (2015) Goodpasture’s 
syndrome: a clinical update. Autoimmun Rev 14:246–253. doi:  10.1016/j.autrev.2014.11.006      

      42.    Kallenberg CG (2008) Anti-C1q autoantibodies. Autoimmun Rev 7:612–615. doi:  10.1016/j.
autrev.2008.06.006      

    43.    Jara LJ, Navarro C, Medina G, Vera-Lastra O, Saavedra MA (2009) Hypocomplementemic 
urticarial vasculitis syndrome. Curr Rheumatol Rep 11:410–415  

    44.    Grotz W, Baba HA, Becker JU, Baumgärtel MW (2009) Hypocomplementemic urticarial vas-
culitis syndrome: an interdisciplinary challenge. Dtsch Arztebl Int 106:756–763. doi:  10.3238/
arztebl.2009.0756      

    45.    Jachiet M, Flageul B, Deroux A, Le Quellec A, Maurier F, Cordoliani F et al (2015) French 
Vasculitis Study Group. The clinical spectrum and therapeutic management of hypocomple-
mentemic urticarial vasculitis: data from a French nationwide study of fi fty-seven patients. 
Arthritis Rheumatol 67:527–534. doi:  10.1002/art.38956      

     46.    Belizna C, Duijvestijn A, Hamidou M, Tervaert JW (2006) Antiendothelial cell antibodies in 
vasculitis and connective tissue disease. Ann Rheum Dis 65:1545–1550  

    47.    Domiciano DS, Carvalho JF, Shoenfeld Y (2009) Pathogenic role of anti-endothelial cell anti-
bodies in autoimmune rheumatic diseases. Lupus 18:1233–1238. 
doi:  10.1177/0961203309346654      

    48.    Régent A, Ly KH, Blet A, Agard C, Puéchal X, Tamas N et al (2013) Contribution of antifer-
ritin antibodies to diagnosis of giant cell arteritis. Ann Rheum Dis 72:1269–1270. doi:  10.1136/
annrheumdis-2012-202963      

   49.    Große K, Witte T, Moosig F, Hoyer BF, Lansche C, Schmidt RE, Baerlecken NT (2014) 
Association of ferritin antibodies with Takayasu arteritis. Clin Rheumatol 33:1523–1526. 
doi:  10.1007/s10067-014-2764-2      

   50.    Tripathy NK, Sinha N, Nityanand S (2003) Anti-annexin V antibodies in Takayasu’s arteritis: 
prevalence and relationship with disease activity. Clin Exp Immunol 134:360–364  

J.M.F.M. Belem et al.

http://dx.doi.org/10.1097/BOR.0b013e3282f1331f
http://dx.doi.org/10.1097/BOR.0b013e3282f1331f
http://dx.doi.org/10.1097/BOR.0000000000000014
http://dx.doi.org/10.1681/ASN.2011090920
http://dx.doi.org/10.1038/nm.1874
http://dx.doi.org/10.1681/ASN.2011030273
http://dx.doi.org/10.1681/ASN.2013030320
http://dx.doi.org/10.1016/j.autrev.2014.11.006
http://dx.doi.org/10.1016/j.autrev.2008.06.006
http://dx.doi.org/10.1016/j.autrev.2008.06.006
http://dx.doi.org/10.3238/arztebl.2009.0756
http://dx.doi.org/10.3238/arztebl.2009.0756
http://dx.doi.org/10.1002/art.38956
http://dx.doi.org/10.1177/0961203309346654
http://dx.doi.org/10.1136/annrheumdis-2012-202963
http://dx.doi.org/10.1136/annrheumdis-2012-202963
http://dx.doi.org/10.1007/s10067-014-2764-2


41

   51.    Tripathy NK, Sinha N, Nityanand S (2003) Antimonocyte antibodies in Takayasu’s arteritis: 
prevalence of and relation to disease activity. J Rheumatol 30:2023–2026  

    52.    Chauhan SK, Tripathy NK, Nityanand S (2006) Antigenic targets and pathogenicity of anti- 
aortic endothelial cell antibodies in Takayasu arteritis. Arthritis Rheum 54:2326–2333  

    53.    Davin JC, Ten Berge IJ, Weening JJ (2001) What is the difference between IgA nephropathy 
and Henoch-Schönlein purpura nephritis? Kidney Int 59:823–834  

      54.    Yang YH, Chuang YH, Wang LC, Huang HY, Gershwin ME, Chiang BL (2008) The immuno-
biology of Henoch-Schönlein purpura. Autoimmun Rev 7:179–184. doi:  10.1016/j.
autrev.2007.11.012      

     55.    Mannik M, Nardella FA (1985) IgG rheumatoid factors and self-association of these antibod-
ies. Clin Rheum Dis 11:551–572    

4 Search for Autoantibodies in Systemic Vasculitis: Is It Useful?

http://dx.doi.org/10.1016/j.autrev.2007.11.012
http://dx.doi.org/10.1016/j.autrev.2007.11.012


43© Springer International Publishing Switzerland 2016 
F. Dammacco et al. (eds.), Systemic Vasculitides: Current Status and 
Perspectives, DOI 10.1007/978-3-319-40136-2_5

    Chapter 5   
 Pathogenic Role of ANCA in Small Vessel 
Infl ammation and Neutrophil Function                     

     Giuseppe     A.     Ramirez      and     Angelo     A.     Manfredi   

    Abstract     Once thought as the mere epiphenomenon of a largely unknown infl am-
matory process, Anti-Neutrophil Cytoplasmic Antibodies (ANCA) have gained 
growing attention in recent years as key players in the pathogenesis of small vessel 
infl ammation. Genetic studies as well as animal and  in vitro  models suggest that 
multiple factors induce the generation of ANCA, which in turn have the ability to 
promote neutrophil activation and progression towards neutrophil extracellular trap 
(NET) development. A vicious circle emerges as NETs endowed with ANCA tar-
gets promote ANCA generation. Besides consolidated pathogenic data, less is yet 
known about the precise role of ANCA in the clinical practice.  

  Keywords     Small vessel vasculitis   •   ANCA   •   Neutrophils   •   NET   •   Autophagy  

5.1       Introduction 

  Anti-Neutrophil Cytoplasmic Antibodies (ANCA)    constitute a set of autoantibodies 
with the ability to recognize constituents of the oxidative and digestive machinery 
of neutrophils, such  as   myeloperoxidase (MPO), proteinase  3   (PR3) or  lysosomal- 
associated membrane protein 2 (LAMP2)  . ANCA have been linked to the so-called 
pauci-immune small-vessel vasculitides  including   granulomatosis with polyangiitis 
(GPA, formerly Wegener’s  granulomatosis  ), eosinophilic granulomatosis with 
  polyangiitis   (EGPA, formerly Churg-Strauss’ syndrome)  and   microscopic polyan-
giitis (MPA). However, ANCA can be detected in other infl ammatory conditions 
such  as   systemic lupus erythematosus (SLE),    infl ammatory bowel diseases and 
other small vessel vasculitides. In the setting of GPA,  EGPA   and  MPA  , the detection 
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of ANCA has been historically considered as an epiphenomenon of a deeper patho-
genic process. However, this paradigm is being progressively overturned in recent 
years. In fact, increasing evidence suggests a direct involvement of ANCA in the 
development of vessel infl ammation. In addition, genetic surveys indicate that 
inherited risk factors for the development of vasculitis could better correlate with 
the serological profi le rather than with the clinical shape, maybe suggesting the 
opportunity to classify patients as having anti-PR3/MPO-associated or ANCA-
negative vasculitis [ 1 ].  

5.2     Genetics 

 Small candidate-gene and larger  genome-wide association studies (GWAS)   are pro-
gressively revealing the presence of specifi c genetic backgrounds underlying the 
development of  ANCA-associated vasculitides (AAV)  , besides the known contribu-
tion of environmental triggers such as bacteria (e.g.  Staphylococcus aureus  or 
 Klebsiella pneumoniae ), silica dust or drugs (e.g.  levamisole    or   propylthiouracil) 
[ 2 ]. Two large  GWAS   were performed in European and American Caucasian 
patients with  GPA   and  MPA   (while a fi rst EGPA-GWAS is ongoing). These studies 
revealed a strong association between  AAV   and six single nucleotide polymor-
phisms (SNPs), located at chromosome 5, 6,14 and 19, on the loci encoding for 
semaphorin 6A, some HLA variant ( HLA-DPB1  , HLA-DPA1),    PR3 and its inhibi-
tor α1-antitrypsin [ 1 ,  3 ]. In the European GWAS,    PR3 and α1-antitrypsin gene  vari-
ants   were more strongly associated with  GPA   and in particular with anti-PR3-positive 
vasculitis, whereas a subset-analysis of patients with anti-MPO-positive vasculitis 
unmasked an unexpected association with the HLA-DQ locus [ 1 ]. These data are of 
particular interest, since they are consistent with the abnormal constitutive expres-
sion  of   PR3 on neutrophils in  GPA   patients [ 4 ] and suggest a pathogenic model in 
which  altered   PR3 expression and  impaired   PR3 functional suppression by 
α1-antitrypsin prompt the generation of anti-PR3 antibodies through permissive 
HLA presentation and eventually lead to  AAV   development. An association with 
HLA variants was reported in both studies. Candidate-gene approaches have also 
revealed signifi cant associations with the protein tyrosine phosphatase N22 
(PTPN22), the cytotoxic T lymphocyte antigen 4 (CTLA4) and with the IgG recep-
tor family (FcγR) [ 5 ]. PTPN22 encodes for a crucial protein for the activation of T 
and B cells and can drive the immune response towards increased antibody produc-
tion, if dysfunctional. CTLA4 is a known T cell-inhibitor with a pivotal function in 
immune-regulation. FcγRs mediate the recognition of antibodies by circulating leu-
kocytes and, if mutated, could exacerbate the activating effects of ANCA towards 
neutrophils and monocytes (see below). Taken together, these data seem to indicate 
that strictly autoimmune mechanisms, possibly driven by abnormalities of specifi c 
autoantigens and leading to the generation of pathogenic autoantibodies, predomi-
nate in the development of ANCA-associated  vasculitides   [ 5 ].  
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5.3     Murine and  In Vitro  Models 

 Most studies performed on  animal models   of  AAV   had the aim of replicating the 
development of the disease by immunizing mice with  neutrophil cytoplasmic anti-
gens (NCA)  . In contrast to the recent data provided by genetic studies, the earliest 
and strongest evidence for a role of  NCA   and ANCA in the pathogenesis of  AAV   
came from studies involving  MPO  . In particular, MPO-defi cient mice immunized 
with murine  MPO   and later transplanted with the bone marrow of MPO-positive 
wild-type mice developed a pauci-immune necrotizing  crescentic glomerulonephri-
tis   resembling that observed in severe cases of human  AAV   [ 6 ]. A recent study 
involving the use of the proteasome inhibitor  bortezomib   to deplete MPO-specifi c 
plasma cells, further emphasized the pathogenic impact of anti-MPO ANCA in the 
development of  experimental   pauci-immune glomerulonephritis [ 7 ]. Attempts to 
reproduce the results obtained with  MPO   by immunizing mice  with   PR3 led to the 
generation of anti-   PR3 antibodies. However, unexpectedly, no clinical evidence of 
disease was observed, except for a single report describing glomerulonephritis 
development in NOD-SCID but not RAG-1-\- immunodefi cient mice after transfer 
of splenocytes from PR3-immunized mice [ 8 ]. The reason for this failure could be 
found in the lower homology between murine and human PR3, when compared to 
 MPO  , and to the fact that  murine   PR3 is not expressed on the surface of unstimu-
lated neutrophils in contrast to human PR3. Indeed, transfer of ANCA (with known 
capacity to activate neutrophils  in vitro ) from human patients with severe nephro- 
pulmonary disease into humanized mice replicated  AAV   phenotype [ 9 ]. Another 
research line focused on the highly glycosylated protein  LAMP2   and on its bacterial 
analogue FimH (a component of the fi mbriae of Gram negative bacteria). Rats 
immunized with recombinant FimH developed antibodies that cross-reacted with 
rat and human  LAMP2   and generated positive ANCA immunofl uorescence. In 
addition, 9/10 rats developed focal  crescentic glomerulonephritis   and 2/10 hemor-
rhagic pulmonary vasculitis. Histological analyses provided evidence of a direct 
role of anti-FimH/ LAMP2   antibodies in endothelial and glomerular injury [ 10 ]. 
Furthermore, this study provided a formal support to the idea that  molecular mim-
icry   towards components of common pathogens has a major role in the development 
of ANCA. Additional studies investigated more deeply the ways by which ANCA 
coordinate and sustain the immune responses in small vessel infl ammatory 
diseases. 

5.3.1     ANCA Activate Neutrophils and Generate  NETs   

 Neutrophils primed by Toll-like  receptor   stimulation, complement anaphylotoxins 
or infl ammatory cytokines such as  tumor necrosis factor (TNF)  , express  NCA   on 
the cell surface and can interact with ANCA to become fully activated and undergo 
 reactive oxygen species (ROS)   production and degranulation (Fig.  5.1 ) [ 11 – 13 ]. 
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  Fig. 5.1    ANCA in the pathogenesis of small vessel vasculitides 
 Genetic and environmental triggers prime neutrophils to become activated and prompt the recipro-
cal activation of T and B lymphocytes to sustain systemic infl ammation. B cells in particular are 
responsible for the generation of ANCA, which can recognize a set  of   neutrophil cytoplasmic 
antigens (NCA) such as  MPO  ,    PR3 and  LAMP2  . Primed neutrophils, expressing  NCA   on the cell 
surface interact with ANCA and undergo further activation. The alternative pathway of comple-
ment activation plays a critical role in priming neutrophils to ANCA stimulation; on the other 
hand, neutrophils promote the activation of complement in a feed-forward loop. Neutrophils stim-
ulated by ANCA become resistant to apoptosis through the adoption of autophagic programs and 
eventually undergo NETosis or express their effector function at the level of small blood vessels. 
Extensive NETosis favors itself the generation of ANCA since  NCA   are widely captured within 
chromatin threads and can be productively taken up by myeloid dendritic cells. Under infl amma-
tory conditions, neutrophils interact also productively with activated platelets: in this setting the 
high mobility box 1 protein (HMGB1), released by platelets, plays a pivotal role in prompting the 
progression of neutrophils towards autophagy and NETosis. Activated neutrophils of patients with 
 systemic vasculitides   showed also limited capacity to phagocytose activated platelets, maybe as 
the consequence of extensive release of  PTX3   from neutrophil granules. This phenomenon, 
together with the ability of  NETs   to recruit pro-thrombotic factors such  as   von Willebrand factor 
(vWF) and to segregate some circulating anticoagulants, prompts the development of the so-called 
immuno-thrombosis. Neutrophils receive additional activating signals through the recognition of 
NCA-ANCA complexes on the surface of other neutrophils by the Fc-γ-receptor (FcγR). Extensive 
neutrophil degranulation causes direct injury to the endothelial walls and facilitate endothelial 
activation. Activated endothelial cells, decorated with neutrophil-derived  NCA  , prompt further the 
activation of neutrophils, facilitate cell adhesion and eventually extravasation and further contrib-
ute to the development of thrombosis. ANCA also interact with monocytes facilitating the genera-
tion of IL1β and systemic infl ammation; in this setting neutrophil-derived proteases are also 
required to ensure the activation of IL1β. Abbreviations:  B, T  B, T lymphocyte,  CAMs  cell adhe-
sion molecules,  HMGB1  high mobility group protein 1,  LAMP2  lysosomal-associated membrane 
protein  2    M  monocyte,   MPO    myeloperoxidase,  N  neutrophil,   NCA       neutrophil cytoplasmic anti-
gens,   NET    neutrophil extracellular traps,  PLT  platelets,     PR3  proteinase 3,   PTX3     pentraxin   3,   ROS    
reactive oxygen species,  TF  tissue factor,   vWF    von Willebrand Factor       
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Reciprocal recognition of NCA-ANCA complexes on the neutrophil cellular mem-
brane involves the expression of FcγR. Downstream FcγR, the signalling cascade is 
dependent on the gamma isoform of phosphoinositol-3 kinase, at least in experi-
mental models [ 14 ]. Intact function of the alternative pathway of complement acti-
vation seems also important for neutrophil priming and for the full establishment of 
ANCA-induced glomerulonephritis in mice [ 13 ]. ANCA-induced respiratory burst 
and degranulation are directly responsible for endothelial and tissue injury at sites 
of infl ammation. In addition, they cause endothelial activation, which promotes 
thrombosis. Recent studies highlighted the ability of ANCA to induce neutrophils 
to form  neutrophil extracellular traps (NETs)   and elucidated the role of ANCA-
induced NETosis in the pathogenesis of  AAV  .  NETs   are threads of decondensed 
neutrophil-derived chromatin, enriched with microbicidal and pro- thrombotic moi-
eties including  NCA  . Under physiological conditions,  NETs   enhance the host 
response by promoting pathogens capture and immuno- thrombosis. Primed neutro-
phils challenged with ANCA from patients with  AAV   have been shown to undergo 
extensive NETosis  in vitro  [ 15 ,  16 ]. Furthermore, signs of NETosis were detected at 
sites of infl ammation in kidney biopsies [ 15 ]. Notably, NETosis-prone subsets of 
neutrophils have been associated with vasculitic manifestations in other infl amma-
tory diseases, such as  SLE   [ 17 ]. Subsequent studies revealed that extended neutro-
phil survival and progression of neutrophils towards NETosis are granted by the 
implementation of an autophagic program, which can in turn be induced by ANCA 
stimulation [ 18 ]. Evidence from our group suggests that this process could also be 
attributable to HMGB1 signalling from activated platelets [ 19 ], which are increased 
in number and defectively cleared out of the bloodstream by leukocytes in  AAV   
patients [ 20 ]. Activated platelets probably also cooperate with ANCA-induced 
 NETs   in causing thrombosis, a known complication of  AAV   [ 21 ].

5.3.2        Neutrophil Activation and NETosis Induce 
the Generation of ANCA 

 The generation of  NETs   after ANCA stimulation increases the burden of autoanti-
gens and natural adjuvants exposed to the immune system. In particular,  MPO    and 
  PR3 could be taken up from  NETs   by myeloid dendritic cells and promote the 
development of ANCA through stimulation of specifi c T and B cells (Fig.  5.1 ) [ 22 ]. 
In addition, the serum of patients with anti-MPO-positive  MPA   impairs  NET   degra-
dation, possibly through antibodies interfering with DNAse activity, as described in 
 SLE   [ 23 ].  
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5.3.3     Activation of Monocytes and Macrophages 
in Association with ANCA 

 Human and murine anti-MPO and anti-PR3 antibodies can also interact with mono-
cytes and induce interleukin 1β (IL1β) production and secretion. This process is 
apparently dependent on the presence of neutrophil-derived serine proteases. The 
release of IL1β is probably responsible for the systemic infl ammatory symptoms 
associated to  AAV   and is required for the development of glomerular infl ammation 
in mouse models [ 24 ]. Additional sources of IL1β in  AAV   could be constituted by 
tissue-resident macrophages challenged with  NETs   generated at sites of infl amma-
tion or by activated neutrophils [ 25 ]. Extensive release of IL1β has also a feed- 
forward effect on neutrophil priming/activation (Fig.  5.1 ).   

5.4     Clinical Signifi cance 

 Besides the growing evidence about the role of ANCA in the pathogenesis of small 
vessel infl ammation, the place of ANCA testing in the clinical practice is still con-
troversial. ANCA detection by immunofl uorescence and quantitative methods (such 
as enzyme-linked or chemiluminescence assays) for the specifi c recognition of anti- 
MPO, anti-PR3 and anti-LAMP2 antibodies have an established role in the diagno-
sis of  AAV  . On the other hand, the usefulness of ANCA to monitor disease activity, 
predict relapse and measure response to therapy is less clear [ 26 ]. Anti-LAMP2 
antibodies, in particular, have been shown to be very sensitive to the initiation of 
immunosuppressive drugs [ 27 ]. Recent studies suggest that the employment of 
novel technologies with full native antigens embedded in the testing plates could 
better correlate with disease activity, especially for anti-PR3 antibodies and for 
renal disease monitoring [ 28 ,  29 ]. The ongoing MAINRITSAN 2 study 
(NCT01731561) has been designed to elucidate the opportunity to modulate  ritux-
imab   treatment on the basis of ANCA and CD19 lymphocytes count versus system-
atic infusions.      
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    Chapter 6   
 Takayasu Arteritis: When Rarity Maintains 
the Mystery                     

     Enrico     Tombetti     ,     Elena     Baldissera    ,     Angelo     A.     Manfredi    , 
and     Maria     Grazia     Sabbadini   

    Abstract     Takayasu arteritis (TA) is a rare vasculitis involving the large arteries and 
often recognized with signifi cant delay. The etiology of TA is unknown. Young 
women are more frequently affected, with signifi cant mortality and morbidity. The 
clinical picture is heterogeneous and mainly determined by arterial involvement, in 
terms of arterial steno-occlusions or dilatations. Unfortunately, TA is still an orphan 
disease, and many issues remain open. Multiple reasons limit the studies in this fi eld: 
the rarity of TA, the diffi culty in obtaining tissue specimens, the lack of informative 
animal models, the need of accurate outcome measures and of adequate techniques 
to evaluate TA proteiform activity. Here we review principles of TA management and 
discuss some major open issues, underlining the need to overcome the simplistic 
view of “TA as a purely infl ammatory condition”, to recognise the important role of 
arterial remodelling as a consequence of arterial infl ammation and injury.  

  Keywords     Large vessel vasculitis   •   Takayasu arteritis   •   Pathogenesis of Takayasu 
arteritis   •   Disease activity in Takayasu arteritis   •   Therapy of Takayasu arteritis   • 
  Arterial remodelling  

6.1       Introduction to Large-Vessel Vasculitides 

 Diseases of the arterial tree represent the fi rst cause of mortality and morbidity in 
the Western countries. Within this group of diseases, atherosclerosis is by far the 
most frequent, followed by arterial thromboembolism, aneurismatic disease and 
congenital malformations. However, these conditions do not account for the whole 
entirety of arterial diseases, as primarily infl ammatory diseases represent a smaller 
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but clearly distinct group. In these conditions, infl ammation can either affect the 
arterial wall, as in arteritis, or be limited to the  tunica adventitia  and the surrounding 
perivascular connective tissues, as in peri-arteritis. Arteritis and peri-arteritis can be 
further distinguished in different entities, rare or very rare diseases on themselves 
but not as a group.  

6.2     Large-Vessel Vasculitides 

 Vasculitides are distinguished according to the type and size of the vessels they 
mainly involve [ 1 ].  Large-vessel vasculitides  (   LVVs) are rare conditions character-
ized by idiopathic infl ammation within the wall of large-sized arteries (lumen >5 
mm) [ 2 ]. The essential features  of   LVVs are discrete arteritic lesions that tend to 
involve all the three  tunicas , resulting in wall thickening. Lesions can cause steno- 
occlusions or ectasias/aneurysms, and have a patchy nature with a highly variable 
spatial distribution. Takayasu arteritis (TA) and giant cells arteritis (GCA) are by far 
the two most frequent large-vessel vasculitides of the adult.  Isolated    aortitis    is 
another condition that may frequently represent a localized variant of GCA and TA 
and it is still unclear whether it constitutes a separate disease [ 3 – 5 ]. TA typically 
affects young women (<40 years-old), but it has been described from childhood [ 6 ] 
to the seventh decade [ 7 ]. Infl ammation primarily localizes in large conductance 
arteries, such as the aorta and its main branches [ 8 ,  9 ], usually with a focal and sym-
metrical pattern [ 10 ]. 

 On the other hand, GCA affects patients older than 50 years and is associated to 
  polymyalgia rheumatica  (PMR)   in about half of subjects. Moreover, GCA can 
involve also medium-sized arteries, resulting in a “cephalic” phenotype, character-
ized by steno-occlusion of the extra-cranial branches of the external carotid arteries. 
A rarer “systemic” GCA phenotype, sometimes indistinguishable from elderly- 
onset TA, has been only recently recognised [ 11 ]. Cranial and systemic phenotypes 
sometimes coexist and can both combine with ascending  aortitis  . Although there is 
some overlap between TA and GCA, the prototypical clinical and epidemiologic 
features differ between the two [ 12 ]. This chapter will describe TA, highlighting 
some of the many unresolved issues that maintain the mystery around this rare but 
clinically signifi cant condition.  

6.3     Takayasu Arteritis 

6.3.1     Arterial Involvement 

 As in  other   LVVs, arterial infl ammation in TA has a patchy distribution. The arteries 
involved by vasculitis are highly variable from patient to patient, and geographical 
differences in the pattern of arterial involvement have been described [ 13 ]. As a 
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general rule, the subclavian arteries are the most frequently involved sites (about 
80 % of patients), followed by the carotids, thoraco-abdominal aorta and celiac trunk 
[ 8 ,  10 ,  13 ]. Involvement of the pulmonary [ 14 ] or coronary [ 15 ] arteries is not rare. 

 Also, the extent of arterial disease is highly heterogeneous, ranging from a single 
involved arterial district to a widespread disease affecting most of the large arteries. 
Classifi cations of the pattern of arterial involvement, not refl ecting the actual dis-
ease burden, have been proposed [ 16 ]. 

 Arterial lesions result in thickening of the vessel wall, which is usually (but not 
always) associated with alterations in the luminal calibre (Figs.  6.1  and  6.2 ): steno- 
occlusions is the most frequent evolution, while ectasias or aneurysms occur in 
about 10–25 % of patients [ 8 ,  13 ].

6.3.2         Diagnosis 

 One of the main issues  about   LVVs and peri-arteritis is their frequent misdiagnosis 
for their more prevalent cognate non-infl ammatory conditions. As they require a 
specifi c management, misdiagnosis has frequently serious consequences [ 17 ]. Table 
 6.1  highlights red fl ags that suggest the need of a more exhaustive differential diag-
nosis when facing arterial diseases. Identifi cation of typical arterial wall thickening 
has frequently high importance for  diagnosing   LVVs.

   The diagnosis of TA is further hindered by its rarity and the frequent absence of 
systemic acute-phase response. As for many other autoimmune idiopathic condi-
tions, there is no diagnostic test for TA. Classifi cation criteria for TA have been 
proposed [ 18 ], but they have a low sensitivity: clinical diagnosis of TA should not 
be limited to their fulfi lment, and should be determined on clinical judgement.  

  Fig. 6.1     MRI   axial T2 
weighted image of a young 
lady with TA. An 
involvement of the 
ascending aorta with mild 
ectasia and typical wall 
thickening ( white arrows ) 
is here demonstrated       
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6.3.3     Disease Course and Clinical Picture 

 TA natural history comprises an active phase with highly variable duration and 
course that eventually subsides with residual arterial scarring. TA can range from a 
monophasic illness in 20 % of patients to a chronic-relapsing condition that lasts up 
to many years [ 8 ,  13 ,  19 ]. 

 Morbidity and mortality are signifi cant in TA [ 13 ,  20 ], and the clinical picture 
(Table  6.2 ) is usually dominated by (i) constitutional symptoms, sometimes confi g-
uring a classical systemic infl ammatory syndrome. As said, the absence of infl am-
matory features is not rare, possibly hampering TA diagnosis; (ii) infl ammatory 
arterial signs (tenderness over actively infl amed arteries); (iii) arterial insuffi ciency 
( anisosphygmia  , end-organ ischemias,  systemic hypertension  , precapillary  pulmo-

  Fig. 6.2    Coronal 
Maximum Intensity 
Projection (MIP) of the 
thoracic and cervical 
arteries, obtained with 
Contrast Enhanced 
Magnetic Resonance 
 Angiography  . Note the 
occlusion of the right 
subclavian-axillary axis 
( white arrows ), the 
occlusion of the left 
subclavian artery with long 
stenosis of the left axillary 
artery ( grey arrows ), and 
the mild stenosis of the 
descending thoracic aorta 
( black arrow )       

  Table 6.1    Red fl ags for 
infective or infl ammatory 
arteritis or peri-arteritis  

 Systemic infl ammatory responses 
 Presence of other chronic 
infl ammatory conditions/infections 
(ie, TB, syphilis, etc.) 
 Circumferential thickening of the 
arterial wall/peri-arterial structures 
 Co-occurrence of steno-occlusive 
disease and dilative disease 
 Distribution within the arterial 
tree atypical for atherosclerosis 
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nary hypertension  ); (iv) dilative arterial disease and (v) complication of the above 
(cardiomyopathy, accelerated atherosclerosis, chronic renal failure). Extra-arterial 
infl ammation, involving the joints or the heart, can at times occur during active 
phases. Other infl ammatory conditions, most  notably   infl ammatory bowel diseases, 
 sarcoidosis  , or  relapsing polychondritis   [ 21 ], can associate to TA, often with an 
independent onset and course.

6.3.4        Histology and Pathogenesis 

 TA is a pan-arteritis: histology of active lesions typically shows adventitial thicken-
ing, degeneration with focal leukocytic infi ltration of the  media  with frequent gran-
ulomatous organisation and intimal hyperplasia [ 22 ,  23 ]. Laminar necrosis of the 
 media  is frequent. Infl ammatory infi ltrate is most intense in proximity to  vasa vaso-
rum  and comprises macrophages, CD4 +  and CD8 +  T cells, γδ T cells, NK cells, 
dendritic cells (DCs) and rare B-cells. Granulocytes rarely infi ltrate arterial lesions. 
Disruption of the internal  elastic lamina   is typical.  Multinucleated giant cells   can be 
present at the  media-intima  border. 

   Table 6.2    Clinical manifestations of TA   

 Constitutional 
 Arterial 
infl ammation 

 Arterial 
insuffi ciency 

 Arterial 
dilation 

 Complications of the 
previous 

 Fatigue  Carotidodynia  Arterial bruits  Aneurysms  Accelerated 
atherosclerosis 

 Fever  Subclaviodynia  Anisosphygmia  Aortic valve 
insuffi ciency 

 Cardiomyopathy 
(hypertensive or 
valvular) 

 Night sweats  End-organ 
ischemia (limbs, 
encephalon, eyes, 
kidney, bowel, 
heart) 

 Arterial 
rupture 

 Post-capillary 
pulmonary 
hypertension 

 Arthralgias  Pulmonary 
precapillary 
hypertension 

 Arterial 
dissection 

 Chronic renal failure 
(ischemic or 
hypertensive) 

 Arthritis  Systemic 
hypertension due 
to barorefl ex 
dysfunction or 
renal artery 
stenosis 

 Thrombotic 
emboli 

 Myalgias  Systolic systemic 
hypertension due 
to reduced total 
arterial 
compliance 

 Weight loss 
(not otherwise 
explained) 
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 Healed, burn-out lesions are characterized by scarring with fi brosis and an 
attempt of repair in the  media , with muddled regeneration of vascular smooth mus-
cle cells (VSMCs) and loss of elastic fi bres. 

 TA pathogenesis is still highly mysterious (reviewed in [ 24 ]). TA is an idiopathic 
condition in which a heterogeneous genetic predisposition combines with unknown 
environmental factors to cause the vasculitic phenotype. Current models are based 
on histologic studies, the observed response to immunological therapies and studies 
on GCA. There are no disease-specifi c  animal models   and studies are further com-
plicated by diffi culties in obtaining tissues from living patients. Weyand and col-
leagues have focused on DCs, T-cells and macrophages in GCA and have developed 
a chimeric mouse model of GCA by temporal artery implants into immunodefi cient 
mice [ 25 – 34 ]. Some results obtained in this model might have implications for TA 
as well. 

 Steno-occlusions are believed to derive from intimal hyperplasia and adventitial 
fi brosis. According to the currently accepted model [ 24 ], steno-occlusive arterial 
remodelling is caused by the local production of growth factors, including platelet- 
derived growth-factor (PDGF),  vascular endothelial growth factor (VEGF)   and 
 transforming growth factor- (TGF)-β   [ 9 ,  12 ,  35 ]. On the contrary, dilatory involve-
ment results from medial degeneration and the action of proteases including matrix 
 metalloproteinases  . The macrophage-derived pivotal infl ammatory cytokines, such 
as Tumor Necrosis Factor-α (TNFα) and  interleukin-6 (IL6)  , are believed to be 
responsible for systemic infl ammatory symptoms, but their role within the arterial 
wall lesions is not clear. 

 Arteries have intrinsic mechanisms to protect the  media  and the  intima  from 
potentially dangerous immune responses. These protective mechanisms apparently 
fail  in   LVVs, and leukocytes get into the arterial wall via  vasa vasorum  [ 22 ]. 
Vascular DCs, γδ- and αβ T-lymphocytes are supposed to be responsible for the 
vasculitic process. Recently, roles also for B cells [ 36 ] and, within CD4 +  T cells 
population, for Th1 and Th17 lymphocytes have been proposed [ 37 ]. Under lym-
phocyte drive, macrophages and the stromal components of the arterial wall would 
cause the injuries and the remodelling that are observed histologically and that are 
responsible for the clinical manifestations [ 24 ].  

6.3.5     Conundrums in TA Assessment 

 Therapeutic decisions regarding TA patients are complicated by the diffi culties in 
assessing disease activity [ 35 ], as a consequence of poor knowledge of TA patho-
genesis. There is no wide agreement on clinical measures to evaluate activity or 
damage in TA. 

 In clinical practice, prevention of the progression of the arterial involvement rep-
resents an important therapeutic goal [ 35 ,  38 ], although there is no evidence-based 
defi nition of clinically-relevant arterial progression. However, it is currently unclear 
how to identify patients undergoing progression before it has signifi cantly occurred: 
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acute-phase reactants and multi-item activity criteria do not accurately correlate 
with arterial progression, probably because both of them detect mainly the systemic 
infl ammation associated with TA. Indeed, arterial progression appears to be the 
result of different processes, of which only some associated with systemic 
 infl ammatory responses. The importance to overcome a “systemic infl ammation 
only” view of TA is remarked by the observation of arterial progression in up to 
60 % of patients believed to be in remission [ 8 ] and in those on biologic agents 
blocking IL-6 [ 39 ]. Local infl ammatory pathways and non-infl ammatory remodel-
ling of the arterial wall likely contribute to progression [ 38 ,  40 ]. In the absence of 
accurate markers, we evaluate TA activity integrating clinical, laboratory and radio-
logical data of already-occurred progression. Serial radiological imaging is thus 
fundamental [ 40 ] and usually requires integration of different techniques, most 
notably magnetic resonance and  Doppler ultrasonography   [ 41 ]. Novel biomarkers, 
such as the  long   pentraxin PTX3, might be useful to identify vessel-associated 
events such as smouldering infl ammation and remodelling [ 42 ].  

6.3.6     Conundrums in TA Treatment 

 TA is still an orphan disease, as its rarity and the absence of adequate outcome mea-
surements have hindered randomized clinical trials. Accordingly, there is poor evi-
dence to guide clinical management [ 43 ] and no defi nitive advice can be given as to 
dosing, duration and choice of therapeutic agents. 

 Differently from atherosclerosis, the fulcrum of the management of active TA is 
medical therapy, rather than interventional procedures. Steroids are the mainstay of 
medical therapy of TA, usually with an initial prednisone daily dose of 0.5–1 mg/kg. 
Numerous tapering schemes have been empirically proposed, but the majority of 
patients relapse as steroids are tapered [ 8 ,  13 ], needing steroid-sparing agents such 
as  methotrexate  ,  azathioprine  , mycophenolate  mofetil   and  lefl unomide   [ 9 ,  35 ]. 
Nonetheless, clinical relapses and progression of the vascular involvement remain 
frequent despite these combined regimens.  Cyclophosphamide  , used for life- 
threatening disease in the pre-biologic era, is now less commonly considered 
because of its toxicity. 

 Patients refractory to combined regimens can benefi t from biologic therapies. 
   TNFα-inhibitors are the most widely studied biologic agents in TA, with more than 
100 patients reported in the literature. Most of these patients were on  infl iximab  , but 
there is no clear evidence of differences in effi cacy among  various   TNFα-inhibitors. 
Response, relapse and progression rate  on   TNFα-inhibitors are about 85–90 %, 
35–60 % and 15–35 % respectively [ 44 – 48 ]. IL-6 blockade with  tocilizumab   is 
another possible choice for refractory TA [ 39 ,  49 ], although it has to be considered 
that tocilizumab-induced normalisation of systemic infl ammatory responses might 
not always parallel prevention of arterial progression. Although modulation over 
time has been reported with long-term therapy with  tocilizumab   [ 50 ], relapses are 
common after discontinuation of TNFα and IL-6 blockage, suggesting that these 
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agents control TA without curing it. Other proposed targeted therapies include 
 rituximab   [ 36 ] and  abatacept   [ 51 ], which tackle B and T cells respectively. 

 Non-immunologic therapies cannot be overlooked in TA [ 35 ]:  aspirin   and other 
anti-platelet agents might be used on the basis of retrospective data showing reduced 
frequency of ischemic events in TA [ 52 ]. Accelerated atherosclerosis is another 
feature of TA [ 53 ], and atherosclerotic risk factors should be controlled 
accordingly. 

 Interventional procedures on arteries have worse long-term patency rate in TA 
than in atherosclerosis. Revascularisations failures in TA are mainly caused by 
restenosis, which refl ects myointimal hyperplasia similar to non-vasculitis- 
associated restenosis [ 35 ]. However, the infl ammatory milieu appears to enhance 
this remodelling hyperplastic process [ 35 ], as long-term outcomes improve if pro-
cedures are performed during quiescent phases and if they are followed by immu-
nosuppressive therapies. Reasons are unclear, since histology reveals scarce 
leukocytic infi ltrate in restenotic lesions. Compared to surgery, endovascular revas-
cularisation for TA occlusive arterial disease is less invasive but has worse long-
terms results [ 35 ], and stents have still not been shown to improve the outcome of 
 balloon angioplasty   [ 54 ]. The best timing of revascularisation and the choice 
between endovascular (less invasive but less durable) and surgical techniques are 
still open issues. We feel that the decision must be taken on a individualized basis in 
a qualifi ed Center with experience in TA management.  

6.3.7     Concluding Remarks 

 In conclusion, we believe that specialized Centers should be involved in the man-
agement of TA, while all Clinicians dealing with arterial diseases should be aware 
of this conditions and its major unresolved aspects. Our hope is that networking 
between specialized Centers will enable to overcome its rarity and pave the way to 
enlighten its mysteries and improve management of these patients.      
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    Chapter 7   
 Takayasu Arteritis and Ulcerative Colitis: 
A Frequent Association?                     

     Chikashi     Terao    

    Abstract     Previous studies have revealed that Takayasu arteritis (TAK) and ulcer-
ative colitis (UC) sometimes develop in the same patients. However, the low preva-
lence of TAK has made it diffi cult to accumulate the number of cases to establish 
the ratio of co-occurrence. Recently, our Japanese group analyzed the data of 470 
consecutive patients with TAK and revealed that 6.4 % of patients with TAK suf-
fered from UC. This ratio is much higher than the prevalence of UC in Japan. HLA- 
B*52:01, the strongest susceptibility allele to both disease, showed strong 
enrichment in patients with these two diseases.  IL12B , a common non-HLA suscep-
tibility locus to both diseases, also showed a trend of enrichment. We also showed 
that other genetic determinants were shared between the two diseases. The high 
ratio of co-occurrence and genetic overlap suggest common molecular pathways 
centering on HLA-B*52:01 and IL12p40 underlying the two diseases.  
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7.1       Takayasu Arteritis and Ulcerative Colitis 

  Takayasu arteritis (TAK) is  a   relatively rare vasculitis fi rstly reported from Japan by 
Dr. Mikito Takayasu in 1908 in spite of the controversy of the fi rst actual literal case 
report [ 1 ,  2 ]. Its prevalence is estimated to be about 0.005–0.01 % in Japan which is 
one of the countries with a higher number of patients with TAK. Ulcerative colitis 
(UC) is one  of   infl ammatory bowel diseases (IBD) which affects mainly lower gas-
trointestinal tract. The occurrence of IBD has been increased due to spread of high 
fat diet in Japan [ 3 ]. The prevalence of UC is 0.1 % in Japan and is increasing [ 4 ]. 
The co-occurrence of TAK and UC was fi rstly reported by Kawasaki from Japan in 
1964 [ 5 ]. Since the fi rst report, more than 50 reports of 60 patients were published 
mainly from Japan (Table  7.1 ).

   Table  7.1  represents the summary of the case reports or case series for co- 
occurrence of TAK and UC. As shown, most of the reports are single case reports, 
suggesting diffi culty of collection of samples in a single institution. In addition, 
there are many other case reports including reports in academic conference or 
Japanese journals not listed in Table  7.1 .  

7.2     Origin of the Case Reports of Co-occurrence 

 We should note that the reports have also been made from outside of Japan, includ-
ing Korea, India, Turkey, Spain and US (Table  7.1 ). Thus, the co-occurrence can be 
observed all over the world. About 70–80 % of the reports for co-occurrence of the 
two diseases were made from Japan. Is it due to advanced studies dealing with TAK 
in Japan? Or is it the co-occurrence observed more frequently in Japan? To address 
this question, it is appropriate to draw a two dimensional plot of prevalence of TAK 
and co-occurrence of TAK and UC in the world to assess deviation of co-occurrence 
in Japan from distribution in other countries. Since the prevalence of TAK in each 
country has not been reported in detail, we cannot assert enrichment of co- occurrence 
in Japan. Although we should restrain from a fi nal conclusion, considering the 
genetic architecture underlying the co-occurrence discussed below, it seems reason-
able that the co-occurrence can be generalized beyond ethnicity and frequently 
observed in Japan due to the prevalence  of   HLA-B*52:01.  

7.3     Ratio of Co-occurrence 

 To address the question whether the co-occurrence of these two diseases are coinci-
dental or beyond coincidence, accumulating a large number of data of patients is 
essential. However, it is quite a challenge to recruit consecutive patients with TAK 
and assess overlapping of UC. Horai et al. estimated the co-occurrence ratio as 
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        Table 7.1    Case reports of co-occurrence   

 Reporter  Year  Age  Sex  Precede  HLA- B52  Country  Ref number 

 Kawasaki  1964  19  F  TAK  NA  Japan  [ 29 ] 
 Soloway  1970  33  F  UC  NA  USA  [ 30 ] 
 Sugishita  1973  20  F  TAK  NA  Japan  [ 31 ] 
 Tsuchiya  1976  20  F  UC  NA  Japan  [ 32 ] 
 Yassinger  1976  15  F  UC  NA  USA  [ 33 ] 
 Chapman  1978  17  F  UC  NA  Pakistan  [ 34 ] 
 Miwa  1979  23  F  TAK  B*5  Japan  [ 35 ] 
 Beau  1980  17  F  UC  NA  France  [ 36 ] 
 Tamanaha  1981  15  M  UC  NA  Japan  [ 37 ] 
 Moroe  1983  39  F  TAK  NA  Japan  [ 38 ] 
 Nishimura  1984  38  F  Si  1  Japan  [ 39 ] 
 Ookata  1985  26  M  UC  NA  Japan  [ 40 ] 
 Achar  1986  35  F  UC  B*5  Srilanka  [ 41 ] 
 Yamaguchi  1988  19  M  UC  NA  Japan  [ 42 ] 
 Ichikawa  1988  12  F  UC  1  Japan  [ 43 ] 
 Ikenaga  1989  8  F  UC  NA  Japan  [ 44 ] 
 Sakhuja  1990  31  F  UC  NA  India  [ 45 ] 
 Sakhuja  1990  13  M  UC  NA  India  [ 45 ] 
 Goto  1991  10  F  Si  1  Japan  [ 46 ] 
 Yazawa  1992  19  M  UC  NA  Japan  [ 47 ] 
 Yoshida  1992  21  M  TAK  1  Japan  [ 48 ] 
 Ishikawa  1993  27  F  UC  1  Japan  [ 49 ] 
 Oyanagi  1994  25  F  UC  1  Japan  [ 50 ] 
 Sato  1994  13  F  UC  1  Japan  [ 51 ] 
 So  1995  21  F  UC  1  Japan  [ 52 ] 
 Morita  1996  19  F  UC  1  Japan  [ 53 ] 
 Aoyagi  1998  14  M  UC  0  Japan  [ 17 ] 
 Kanaya  1998  26  M  UC  0  Japan  [ 18 ] 
 Ariizumi  1999  28  F  UC  1  Japan  [ 54 ] 
 Kawashima  1999  32  F  UC  1  Japan  [ 55 ] 
 Ito  2001  15  F  UC  1  Japan  [ 56 ] 
 Suzuki  2001  14  M  Si  1  Japan  [ 57 ] 
 Shibata  2002  36  F  UC  1  Japan  [ 58 ] 
 Fukunaga  2002  13  F  UC  1  Japan  [ 59 ] 
 Masuda  2002  10  F  TAK  1  Japan  [ 60 ] 
 Masuda  2002  13  F  TAK  1  Japan  [ 60 ] 
 Segawa  2002  22  F  UC  1  Japan  [ 61 ] 
 Bansal  2003  15  F  TAK  1  India  [ 62 ] 
 Hokama  2003  27  F  UC  0  Japan  [ 63 ] 
 Gearry  2003  42  F  TAK  0  New Zealand  [ 64 ] 

(continued)
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0.783 % based on the number of case reports and registry of the two diseases in 
Japan [ 6 ]. However, the ratio is apparently underestimated since their calculation 
was based on the assumption that all of the subjects developing the two diseases 
were reported in manuscripts. We should pay attention to selection bias as well as to 
estimate a collection of reported cases. 

 There are two studies recruiting more than 50 patients with TAK to address the 
co-occurrence of the two diseases. Both are from Japan. One is reported from 
Tohoku University [ 7 ] and the other comes from our group in Kyoto University [ 4 ]. 
The former is a single-center study and the latter is a multi-center study. The sam-
ples in the two studies did not overlap each other. The conclusion and estimates of 
co-occurrence ratio are quite similar between the two studies. 

 The study from Tohoku University reports that 5 out of 82 cases with TAK had 
UC (6.1 % (95 % confi dence interval:0.92 %–11.3 %)) [ 7 ]. The study from Kyoto 

Table 7.1 (continued)

 Reporter  Year  Age  Sex  Precede  HLA- B52  Country  Ref number 

 Ohta  2003  23  F  UC  NA  Japan  [ 65 ] 
 Nakano  2004  39  M  TAK  1  Japan  [ 66 ] 
 Katsinelos  2005  33  F  TAK  1  non-asian  [ 67 ] 
 Sood  2006  18  F  Si  NA  Inida  [ 68 ] 
 Callejas-Rubio  2006  17  M  UC  0  Spain  [ 69 ] 
 Balamtekin  2009  14  F  UC  0  Turkey  [ 70 ] 
 Ooka  2009  17  F  si  NA  Japan  [ 11 ] 
 Asano  2010  34  F  UC  NA  Japan  [ 71 ] 
 Kudo  2010  14  F  UC  1  Japan  [ 72 ] 
 Kashima  2010  15  F  UC  1  Japan  [ 73 ] 
 Inagaki  2010  36  F  TAK  NA  Japan  [ 74 ] 
 Takahashi  2011  20  M  UC  1  Japan  [ 75 ] 
 Gecse  2011  20  F  UC  1  Hungary  [ 76 ] 
 Horai  2011  46  F  UC  1  Japan  [ 6 ] 
 Horai  2012  22  F  UC  1  Japan  [ 77 ] 
 Azak  2012  24  F  UC  NA  Turkey  [ 78 ] 
 Kim  2012  9  F  UC  NA  Korea  [ 79 ] 
 Chae  2013  25  M  UC  1  Korea  [ 80 ] 
 Pyo  2013  38  F  si  NA  Korea  [ 81 ] 
 Watanabe  2014  23  F  TAK  NA  Japan  [ 7 ] 
 Watanabe  2014  35  F  UC  NA  Japan  [ 7 ] 
 Watanabe  2014  28  F  UC  NA  Japan  [ 7 ] 
 Watanabe  2014  18  F  UC  NA  Japan  [ 7 ] 
 Watanabe  2014  22  F  TAK  NA  Japan  [ 7 ] 
 Khoshnama  2014  35  F  UC  NA  Iran  [ 82 ] 
 Sum  22.9 ± 

9.2 
 F:52 
M:13 

 UC:45 
TAK:14 

 1:28 0:6 
B5:2 

 Japan:46 
Others:19 

C. Terao



67

University reports that 30 out of 470 patients with TAK had UC (6.4 % (95 % CI:
4.3 %–9.0 %)) without evidence of deviation of co-occurrence among the multiple 
institutions [ 4 ]. In spite of the estimation from cross-sectional study, these studies, 
especially the study from Kyoto University, offer the estimated ratio with relatively 
narrow confi dence interval. When we summed both studies, the co-occurrence is 
6.3 % (95 % CI:4.3 %–8.4 %). 

 It should be noted that the estimated co-occurrence ratio is nearly 100 times of 
prevalence of UC [ 4 ]. Thus, the ratio cannot be coincidental co-occurrence. While 
patients with UC or TAK who visit hospitals or clinics may have higher chance to 
be detected other diseases in comparison with general population based on the 
chances to undergo work-up, it cannot explain this big difference in ratio. 

 What about the co-occurrence of TAK and UC among patients with UC? There 
is a small number of reports addressing this issue. An old Japanese study, in which 
researchers aggressively searched complication of UC, reports that 3 out of 1,433 
patients with UC had TAK [ 8 ]. It might be interesting that the co-occurrence ratio 
(0.21 %, 95 % CI 0 %–0.045 %) is also about twenty to forty times of general preva-
lence of TAK, suggesting enrichment of co-occurrence even in UC patients in spite 
of wide confi dence interval. Since this study did not aim specifi cally to establish the 
overlapping of the two diseases, this ratio of overlapping in patients with UC should 
be carefully evaluated.  

7.4     Characteristics of the Co-occurrent Cases 

 What are the clinical characteristics of patients with both TAK and UC? The study 
from our group in Kyoto University reported that the patients of co-occurrence 
develop TAK on average 6 years younger than patients without UC. We did not 
observe clear differences between patients with and without UC in the ratio of aortic 
regurgitation (AR) development, severity of AR, renal stenosis, sex distribution, 
ischemic heart disease, stroke and usage of biologic agents. We did not fi nd differ-
ence of total colectomy in patients with UC and TAK, indicating no strong evidence 
of severe UC in the co-occurrent cases. The previous studies detected signifi cant 
associations  between   HLA-B*52:01 or  IL12B  and clinical manifestations including 
development and severity of AR [ 9 ]. As discussed below, the concurrent cases show 
enrichment of these genetic variants. Thus, there is a possibility that lack of the 
signifi cant associations between co-occurrence and TAK manifestations is due to 
underpower of this study. 

 What about long outcome and mortality in the patients with both diseases? While 
these data are not available in the previous studies, the prospective observation of the 
concurrent cases would reveal important information regarding these questions. 

 Which occurs earlier, TAK or UC, in the patients with both diseases? Generally, 
TAK and UC develop at age younger than 30 while UC can develop at any age [ 10 ]. 
Forty-fi ve out of 65 cases in Table  7.1  reported preceding onset of UC to TAK. Six 
out of the 65 cases were diagnosed in the same year and the remaining 14 cases 
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developed TAK earlier than UC. Although these case reports are not recruiting con-
secutive patients and may contain some bias, binomial test provided a signifi cant 
difference in a precedent disease (45 over 59 cases, 76.3 %, p = 0.000065). Ooka 
et al. [ 11 ] mentioned that 68 % of 74 cases in the world reported between 1964 and 
2005 developed UC fi rst. 

 However, the study from our group in Kyoto University in 2015 did not fi nd 
deviation of preceding UC to TAK (Table  7.2 ) and even observed a trend of devel-
oping TAK earlier. It is still inconclusive that UC precedes TAK in patients 
 developing the two diseases. The previous studies may have time lag to diagnose 
TAK considering its low prevalence outside of Japan.

   Table 7.2    30 cases reported from Kyoto University in 2015   

 Reporter  Year  Age  Sex  Precede  HLA- B52  Country 
 Ref 
number 

 Terao  2015  29  F  TAK  1  Japan  [ 4 ] 
 Terao  2015  16  M  NA  1  Japan  [ 4 ] 
 Terao  2015  43  F  NA  1  Japan  [ 4 ] 
 Terao  2015  28  F  NA  1  Japan  [ 4 ] 
 Terao  2015  22  F  NA  1  Japan  [ 4 ] 
 Terao  2015  37  F  NA  1  Japan  [ 4 ] 
 Terao  2015  32  F  NA  1  Japan  [ 4 ] 
 Terao  2015  24  F  NA  1  Japan  [ 4 ] 
 Terao  2015  30  F  NA  1  Japan  [ 4 ] 
 Terao  2015  10  F  NA  1  Japan  [ 4 ] 
 Terao  2015  8  F  NA  1  Japan  [ 4 ] 
 Terao  2015  NA  F  NA  NA  Japan  [ 4 ] 
 Terao  2015  37  F  NA  NA  Japan  [ 4 ] 
 Terao  2015  50  F  UC  0  Japan  [ 4 ] 
 Terao  2015  30  F  NA  1  Japan  [ 4 ] 
 Terao  2015  21  M  NA  1  Japan  [ 4 ] 
 Terao  2015  20  F  NA  1  Japan  [ 4 ] 
 Terao  2015  26  F  NA  1  Japan  [ 4 ] 
 Terao  2015  20  F  si  1  Japan  [ 4 ] 
 Terao  2015  17  M  UC  1  Japan  [ 4 ] 
 Terao  2015  36  F  si  0  Japan  [ 4 ] 
 Terao  2015  24  F  TAK  1  Japan  [ 4 ] 
 Terao  2015  21  F  TAK  1  Japan  [ 4 ] 
 Terao  2015  35  F  TAK  1  Japan  [ 4 ] 
 Terao  2015  11  F  TAK  1  Japan  [ 4 ] 
 Terao  2015  19  M  UC  1  Japan  [ 4 ] 
 Terao  2015  23  M  TAK  1  Japan  [ 4 ] 
 Terao  2015  38  F  UC  1  Japan  [ 4 ] 
 Terao  2015  20  F  TAK  NA  Japan  [ 4 ] 
 Terao  2015  15  F  TAK  1  Japan  [ 4 ] 
 Sum  25.6 ± 10.1  F:25 M:5  UC:4 TAK:8  1:25 0:2 
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   B*52:01 was reported to be the strongest susceptibility allele to UC in 
Japanese patients [ 12 ]. B*52:01 was reported to be associated with early onset of 
UC [ 12 ]. Considering the strong enrichment of B*52:01 in the co-occurrence dis-
cussed below, patients with the two diseases may develop earlier than UC patients 
without co-occurrence. Since the patients with the two diseases also develop TAK 
at an earlier stage of life than patients without UC [ 4 ], further accumulation of data 
would provide the clear evidence for a preceding disease.  

7.5     Genetic Architectures of the Co-occurrence 

 The HLA locus is associated with various autoimmune diseases. TAK and UC are 
also associated with the HLA locus [ 13 ].    HLA-B*52:01 is the strongest susceptibil-
ity allele to TAK [ 14 ].    HLA-B*52:01 is also most strongly associated with UC in 
the Japanese population [ 12 ,  15 ]. Parts of the case reports or case series reported 
HLA-B alleles in patients with UC and TAK. A total of 28 out of 36 patients 
(77.8 %) whose HLA-B alleles were reported from 35 manuscripts were positive  for 
  HLA-B*52:01 or B52 (Table  7.1 ). Furthermore, 2 out of the 8 patients who were not 
confi rmed to have B*52:01, were reported to have B5, containing B52. In fact, our 
Japanese study recently published showed that 25 out of 27 patients (92.6 %) of the 
patients with UC and TAK were positive  for   HLA-B*52:01 or B*52 with OR of 
12.14 (95 % CI: 2.96–107.23) over patients without UC. Based on the strong effect 
size of B52:01 on the co-occurrence among patients with TAK,    HLA-B*52:01 
should play a central role in the co-occurrence of TAK and UC. Evidence of HLA 
genotypes in co-occurrent cases outside of Japan is not enough. Future studies 
should focus on this point especially in the context of shared HLA alleles or amino 
acid residues between TAK and UC. 

 It should be notable that a dose-dependent effect  of   HLA-B*52:01 on the co- 
occurrence was not reported. Case reports giving information of the two alleles of 
HLA-B did not report homozygous patients  for   HLA-B*52:01 developing both UC 
and TAK. Even a trend to increase the co-occurrence was not observed in the 
Japanese study, suggesting  that   HLA-B*52:01 effect on co-occurrence should be in 
a dominant-manner. 

 Then, what about other HLA alleles susceptible to TAK or UC? HLA-B*67: 01   
is another susceptibility allele to TAK recently reported from two different cohorts 
[ 13 ,  16 ]. The association between B*67:01 and UC has not been reported. To date, 
case reports by Kanaya et al. and Aoyagi et al. were the ones among studies address-
ing the co-occurrence of TAK and UC to report cases carrying B*67 [ 17 ,  18 ]. The 
enrichment of B*67 in co-occurrent cases is inconclusive. 

 The enrichment  of   HLA-B*52:01 in co-occurrent cases raises the possibility of 
enrichment of other genetic components. What about non-HLA susceptibility loci? 
Recent technological development has enabled us to  perform   genome-wide 
 association study using DNA microarrays for single nuclear polymorphisms (SNPs) 
to identify susceptibility genes in an unbiased fashion. The genetic studies to date 
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have identifi ed a total of more than 100 susceptibility loci in non-HLA loci to  IBD 
  [ 19 ]. UC and Crohn’s disease (CD) seem to have large parts of these loci in common 
[ 19 ]. A total of 6 susceptibility non-HLA loci to TAK have been identifi ed to date 
by genetic studies from different populations [ 9 ,  20 ,  21 ].  IL12B  is an established 
susceptibility locus beyond populations.  IL12B  is also associated with IBD [ 19 ]. In 
addition, both of them displayed the strongest association in the same SNP, 
 rs6871626  . Our Japanese study reported that a trend of enrichment of rs6871626 in 
 IL12B  was observed in the co-occurrent cases (p = 0.16, OR 2.47[95 % CI 0.72–
13.11]) while the enrichment did not reach a signifi cant level due to the limited 
number of subjects [ 4 ]. Further, our Japanese study showed that the UC-susceptibility 
alleles showed the common direction of susceptibility effects and the effect sizes are 
signifi cantly correlated between UC and TAK [ 4 ]. The study also showed that the 
higher the effect sizes of UC-susceptibility alleles carried, the higher the rate of 
common directions of SNPs observed. Our group also showed the clear departure of 
p-values of UC-susceptibility alleles for the association with TAK from expected 
distribution of p-values. 

 These results strongly indicate that TAK and UC share genetic architecture not 
only in the HLA-locus but also in the non-HLA loci. 

 Recent genetic studies showed that rare variants are associated with UC and CD 
and might confer substantial proportion of heritability [ 22 ]. Whether rare variant 
burden is also observed in TAK susceptibility and the co-occurrent cases is an inter-
esting topic to address in the future with large number of samples.  

7.6     Co-Occurrence of TAK and  Crohn’s Disease   

 Then, what about co-occurrence between TAK and CD, the other  IBD  ? Since the 
genetic architecture of CD is very similar to that of UC, it should share the genetic 
characteristics with TAK as well. On this point, the Japanese reports of co- 
occurrence of TAK and CD are much lesser than the reports of UC and TAK [ 23 ]. 
Most of the reports of co-occurrence of CD and TAK were made from outside of 
Japan [ 23 ]. 

 This may be explained by (1) the difference in distribution of CD and UC 
between Japan and Western countries, (2) the difference in sex predominance in CD 
in Japan, and (3) genetic difference between UC and CD observed in the Japanese. 

 US has comparable prevalence of CD and UC as 250 each in adults [ 24 ]. On the 
contrary, the prevalence of CD is about one third to one fourth of that of UC in Japan 
[ 3 ]. The less frequent prevalence of CD may partly explain the small number of case 
reports about the co-occurrence of CD and TAK. 

 While UC has similar sex distribution, CD dominantly affects men in Japan. 
Thus, TAK patients, 90 % of them are females, may have lower chance to develop 
CD than UC in the Japanese population. 

 In spite of the genetic overlap between CD and UC, HLA haplotype of B*52- 
DRB1*15:02 was reported to have an opposing effect between susceptibilities to 
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CD and UC in the Japanese population [ 15 ]. The protective effect of the haplotype 
against CD may explain the fewer case reports of co-occurrence of TAK and CD in 
the Japanese population. Since B*52:01 seems critical to co-occurrence of TAK and 
UC, the occurrence of CD and TAK beyond coincidence in the Japanese population 
may require confi rmation from future large-scale studies. 

 Since about 70 % of the case reports of TAK and UC were made from Japan, the 
co-occurrence of CD and TAK seemed more frequently observed than that of UC 
and TAK outside Japan. Further accumulation of data will hopefully reveal whether 
patients with TAK have a higher chance to develop CD than UC outside Japan.  

7.7      Animal Models   of the Diseases 

 Do animal experiments support the co-occurrence of the two diseases? To date, no 
previous studies have addressed this co-occurrence. Since there are many  animal 
models   of  IBD   including Il10 KO mice, Rag KO mice to which CD4+ CD45RBhi 
naïve T cells were transferred, an acute trinitrobenzenesulfonic acid (TNBS) model 
of colitis, it would be interesting to analyze involvement of aorta in various 
conditions. 

 Interestingly, no transgenic mice of HLA-B52 was successfully produced and 
observed in detail. Development of HLA-B52-transgenic mice would support com-
mon molecular pathways between TAK and UC in the animal  model  .  

7.8     Clinical Applications Based on the Co-occurrence 

 The co-occurrence of two diseases beyond coincidence and shared genetic charac-
teristics strongly suggest that common molecular networks underlie the two dis-
eases. This raises the possibility that treatment for one disease may be applicable to 
the other and vice versa.  IL12B  is the common genetic determinant between the two 
diseases and  IL12B  plays important roles on progression of TAK, including devel-
opment of AR and severity of AR in addition to susceptibility to TAK.  IL12B  
encodes  IL12p40  , a common subunit of IL12 and IL23.  Ustekinumab   is a biological 
agent targeting  IL12p40  .  Ustekinumab   has been used for patients with psoriasis or 
CD [ 25 – 27 ]. While usage of ustekinumb in patients with UC is not prevailed, previ-
ous studies have revealed that CD and UC share large parts of genetic architectures. 
Thus,  ustekinumab   is a promising candidate of the new treatment options for 
patients with TAK. To address this point, our team has recently published a manu-
script reporting a pilot study of usage of  ustekinumab   for patients with TAK [ 28 ]. In 
the manuscript, a total of three patients with TAK who were refractory to conven-
tional treatment received  ustekinumab  . All three patients responded to  ustekinumab   
without any severe side effects. However, the effectiveness of  ustekinumab   in 
patients with TAK is still inconclusive. Furthermore, it is ambiguous whether 
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 ustekinumab   is effective for long-term outcome of vascular infl ammation. It should 
be noted that none of the biological agents were proven to be effective to prevent 
infl ammatory vascular stenosis in patients with TAK. Large clinical trials with long 
observation periods are necessary to prove effi cacy of biological agents, especially 
 ustekinumab  ,in TAK patients.      
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    Chapter 8   
 Giant Cell Arteritis                     

     Silvia     Laura     Bosello    ,     Elisa     Gremese    ,     Angela     Carbonella    ,     Federico     Parisi    , 
    Francesco     Cianci    , and     Gianfranco     Ferraccioli    

    Abstract     Giant cell arteritis (GCA) is vasculitis characterized by a granulomatosus 
infi ltrate, that typically occurs in medium and large arteries. This systemic autoim-
mune disease can cause sudden and potentially bilateral sequential vision loss in the 
elderly. GCA frequently occurs together with polymyalgia rheumatica. Both are 
syndromes of unknown cause, but genetic and environmental factors might have a 
role in their pathogenesis. The clinical fi ndings in GCA are broad, but commonly 
include visual loss, headache, scalp tenderness, jaw claudication, cerebrovascular 
accidents, aortic arch syndrome, thoracic aorta aneurysm, and dissection. 
Glucocorticosteroids are the cornerstone of treatment, but some patients have a 
chronic course and might need glucocorticosteroids for several years. Adverse 
events of glucocorticosteroids affect more than 50 % of patients. Trials of steroid- 
sparing drugs have yielded confl icting results. The understanding of the molecular 
mechanisms involved in the pathogenesis of GCA recently has indicated new tar-
gets for therapy.  

8.1        Defi nition and Position in Nomenclature of Vasculitis 

  Giant cell arteritis (GCA)   is vasculitis characterized by a granulomatosus infi ltrate, 
that typically occurs in medium and large arteries with well developed wall layers 
and advential vasa vasorum [ 1 ,  2 ]. According to the new proposed Chapel Hill clas-
sifi cation, GCA is one of the two main subtypes  of   large vessel vasculitis (LVV), 
together with Takayasu arteritis [ 3 ]. The term “temporal arteritis” is not anymore 
considered a suitable alternative for GCA because not all patients have temporal 
artery involvement, and other vasculitis can affect the temporal arteries [ 3 ]. The  two 
  LVV affect different age groups of patients and have different disease burden. Aortic 
aneurysms are more common in GCA, while stenotic changes of the aorta are more 
common in Takayasu. Although many of the clinical features and pathological fi nd-
ings in GCA and Takayasu can overlap, they are distinct entities with different 
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pathophysiologic mechanisms; in fact when a direct comparison between Takayasu 
and GCA with upper extremities involvement has been performed, many differ-
ences in clinical manifestations and in imaging fi ndings emerged [ 4 ]. 

 In GCA the aorta and its extracranial branches are primarily affected. The vascu-
lar beds, that are usually involved, include the external carotid branches (e.g., tem-
poral and occipital arteries), the ophthalmic, vertebral, distal subclavian, and 
axillary arteries, the aorta (especially thoracic segment) and, rarely, lower limb 
arteries [ 1 ,  2 ,  5 ,  6 ]. Intracranial arteries are rarely associated with the infl ammatory 
process. Even  though   LVV affect large arteries much more often than does vasculi-
tis of any other category, large artery injury is not the cause of the most signifi cant 
morbidity in GCA, because for every large artery that is affected there may be many 
smaller branches affected (especially medium arteries), like when blindness is due 
to injury to smaller branches of the ophthalmic arteries [ 3 ]. 

 Vasculitis leads to luminal occlusion and therefore cranial ischemic complica-
tions such as  ischemic optic neuropathy   are the most feared aspects of GCA, that 
causes vision loss in 10–15 % of patients [ 1 ,  2 ,  5 ,  6 ].  Aortitis   can be complicated by 
dissection and aneurysm formation. GCA frequently occurs with polymyalgia  rheu-
matica   (PMR). These two conditions are closely related disorders that affect people 
of middle age and older, and their clinical and epidemiological connections have 
suggested that they are different manifestations of the same disease process [ 1 ,  2 ,  7 ].  

8.2     Epidemiology 

 The incidence rates of GCA and  PMR   increase progressively after 50 years of age, 
with a mean age of onset around 72 years. The prevalence ranges from 1.47 to 20 
per 100,000 people over 50 years. The reported rates for GCA are the highest in 
northern European countries and in North America, lower in Mediterranean coun-
tries and the lowest in Arabian and Asian countries (Japan). Women are affected 
2–3 times more commonly than men [ 1 ,  2 ,  5 – 7 ]. The incidence of GCA has 
increased over the past 20–40 years, possibly because of raised awareness and as the 
population throughout the world continues to age, an increased prevalence of the 
disease should be expected. The cyclic pattern of yearly incidence rates and the 
seasonal variations reported by some studies might suggest an environmental- 
infectious etiology. The decreasing incidence with a north–south gradient – the 
highest incidence being in Scandinavian and in US communities with a Scandinavian 
ethnic background – and the occasional familial cases support a possible role for 
both environmental and genetic factors. An association with HLA-DRB*04 alleles 
was found and there is a potential relevance of gene polymorphisms that infl uence 
the immune and infl ammatory responses [ 8 ]. 

 Forty-fi fty percent of GCA patients have polymyalgic symptoms and 5–15 % of 
 PMR   patients will be diagnosed of GCA [ 1 ,  2 ,  7 ]. 

 Aorta involvement occurs in 15 % of patients with GCA, already at diagnosis. 
Although patients with GCA have an increased risk of  developing   aortic aneurysm 
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and dissection and  cerebrovascular accidents  , most studies of long-term survival 
have shown no excess mortality. GCA is not a self-limiting condition and vasculitis 
is persistent without treatment, but it is not associated with life-threatening compli-
cations [ 1 ,  2 ,  5 – 7 ].  

8.3     Pathogenesis 

 GCA etiology remains unknown but could be associated with exposure to bacterial 
or viral antigens following infection or vaccination, in genetically predisposed 
patients. Both the innate and adaptive immune systems contribute to GCA patho-
genesis. Granulomatous infl ammatory infi ltrates composed of CD4 T cells, acti-
vated macrophages, and  multinucleated giant cells   induce intimal hyperplasia and 
luminal destruction. Dendritic cells located at the adventitia-media border of the 
artery have a crucial role in initiation of vasculitis. The activated dendritic cells 
become chemokine-producing effector cells, which recruit macrophages and CD4 T 
cells into the vascular wall through the vasa vasorum. T cells and macrophages are 
critical players in the vasculitic process sustaining the granulomatous infl ammation 
in the arteries [ 1 ,  9 ]. Two major immune-response networks have been identifi ed: 
the interleukin-12–type-1 helper T-cell (Th1)–interferon-γ axis and  the   interleukin-
 6–type 17 helper T-cell (Th17)–interleukin-17 or interleukin-21 axis; the latter (but 
not the former) is effectively suppressed with  glucocorticoid   treatment. Th17 immu-
nity seems to be more important for the acute manifestations, both systemically and 
in the blood vessels; while Th1 immunity is associated with chronically persistent 
vascular lesions [ 10 ]. The T-regulator cells Foxp3+, which normally limit immune 
response, are reduced in GCA. Vascular lesions in infl amed temporal arteries con-
tain an array of cytokines and infl ammatory mediators. High levels of IL-6, a pleio-
tropic cytokine, produced by T cell, B cell, macrophages, and fi broblasts, have been 
associated with disease activity and therapeutic response. The IL-6 pathway repre-
sents the intersection of the innate and acquired immune systems and, when unregu-
lated, maintains infl ammation in GCA. Besides IL-6, circulating IL-1 and IL-12 
were elevated in untreated patients. Effector cytokines released into the arterial wall 
activate infl ammatory cells and target endothelial  cells  , vascular smooth-muscle 
cells, and fi broblasts, leading to lumen-obstructive intimal hyperplasia. The endo-
thelial cells participate in the activation of T cells, the terminal differentiation of B 
cells, the survival of plasmocytes, the differentiation of Th17 lymphocytes, and the 
inhibition of Treg-cell differentiation and function [ 1 ,  9 ]. 

 In the adventitia, macrophages produce the infl ammatory cytokines IL-1 and 
IL-6, whereas in the media they release metalloproteinases and reactive oxygen 
intermediates. These infl ammatory mediators lead to the fragmentation of the inter-
nal  elastic lamina   and trigger repair mechanisms such as intimal hyperplasia and 
 neoangiogenesis  , which are regulated by  platelet-derived growth factor   and vascular 
endothelial growth factor.    Platelet-derived growth factor seems to be crucial in 
induction of intimal hyperplasia and vessel occlusion [ 1 ,  9 ]. 
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 Autoantibodies were not consistently found in GCA, although plasma cells were 
found in the adventitia in 7–24 % of temporal artery biopsies from patients with 
GCA. The exception was in few studies the antiphospholipid antibodies, which 
were found in 30–80 % of GCA cases, however, most studies did not fi nd signifi cant 
correlations between the presence of antiphospholipid antibodies and ischemic 
complications in GCA patients [ 7 – 9 ]. Recently it has been reported that most 
patients with GCA have autoantibodies to human and bacterial ferritin peptides, but 
the etiological, pathogenetic and clinical signifi cance of these fi ndings need to be 
studied further [ 11 ].  

8.4     Histopatological Findings 

 In GCA infl ammation mainly affects the large-sized and medium-sized muscular 
arteries, especially the proximal aorta and its branches. These arteries have a promi-
nent internal elastic membrane and vasa vasorum. The histological analysis is per-
formed at the temporal artery, in some atypical manifestation the occipital or 
cervical arteries can be biopsied. The  temporal artery biopsy   should be performed, 
as soon as the GCA has been suspected, to start as soon as possible therapy and thus 
avoid visual complications. Multiple cross sections of the temporal artery will need 
to be examined in GCA due to the occurrence of skip lesions [ 1 ,  2 ,  5 – 7 ]. 

 Histopathologically, two main patterns are considered diagnostic of GCA: those 
with infl ammation of the vessel wall and those with post-infl ammatory alterations. 

 GCA is characterized by:

•    Granulomatous infl ammation and  multinucleated giant cells   at the junction of 
media and intima,  

•   A mononuclear transmural infi ltrate without giant cells.  
•   Vasculitis involving small vessels close to a non-infl amed temporal artery.  
•   False channel, infl ammatory infi ltrate, media modifi cations, and abnormalities in 

smooth muscle cells, associated with phagocytic activity.    

 The infl ammatory infi ltrate in the affected vessels is predominantly composed of 
lymphocytes and macrophages with or without  multinucleated giant cells  . Sparse 
neutrophils and eosinophils can be present. The majority of lymphocytes are CD4 
positive cells, but also CD8 positive cells are involved [ 1 ,  2 ,  5 ,  7 ]. The presence of 
B cells in  temporal artery biopsy   specimens is scarce, but abnormalities in circulat-
ing B cells have been recently reported in GCA and can contribute to the enhanced 
IL-6 response in the disease [ 12 ]. Infl ammation tends to affect the arteries in a seg-
mental fashion and the infl ammatory process is usually most severe in the inner 
portion of the media adjacent to the internal  elastic lamina  . In some cases the 
infl ammation is restricted to vasa vasorum to periadventitial small vessels or both. 
In a chronic damage, arteritis lacks the active infl ammation but shows fi brosis of the 
vessel wall with disruption of the internal  elastic lamina   in the media. The media 
necrosis is characterized by areas with loss of smooth cells and collapse of the 
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 elastic lamellae often bordered by proliferating vasa vasorum with perivascular 
infl ammation. Elastin stains can be used to highlight the fragmentation and loss of 
internal  elastic lamina  . The intima shows reactive hyperplasia that can become 
fi brotic with or without subsequent atherosclerosis over time. A variable thickening 
and infl ammation of the adventia can be noted, but milder that the one present in 
Takayasu disease [ 1 ,  2 ,  5 ,  7 ]. In few reported cases the  temporal artery biopsy   
excluded the diagnosis of GCA, showing diffuse amyloid infi ltration of the artery 
(Fig.  8.1 ).

8.5        Clinical Manifestations 

 GCA is characterized by a wide range of clinical manifestations, and can present 
with atypical features, resulting in challenging diagnosis. 

 Severe headache is probably the most common onset symptom and is present in 
about two-thirds of the patients; scalp tenderness is usually limited to the temporal 
arteries, but it may also involve larger areas. Pain is usually continuous throughout 
the day, and often interferes with sleep, and responds incompletely to analgesic 
drugs. The temporal arteries when involved appear thickened, nodulous, painful, 
and erythematous with impaired or absent pulse. Almost half of the patients present 
“ jaw claudication  ” (due to ischemia of the muscles of mastication), tongue pain, 
dysphagia and impaired swallowing; seldom a severe vascular thickening can lead 
to scalp or tongue infarction.  Jaw claudication   is a high predictor of GCA, but is not 
pathognomonic. Scalp tenderness arises in around half of patients; it is usually 
worsened by brushing or combing the hair. These symptoms are most often in 
patients with headache. Permanent visual loss, partial or total, occurs in up to 20 % 
of the patients and is often the fi rst manifestation of the disease. Once established, 

  Fig. 8.1    Histopathological fi ndings at temporal artery. Legend: Granulomatous infl ammation and 
 multinucleated giant cells   at the junction of media and intima. ( A ) section of vasa vasorum of 
temporal artery from a patient with GCA. Mononuclear cell infi ltrate ( arrow ) and ( B ) giant cells 
( asterisk )       
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the visual defi ciency is usually permanent.  Amaurosis fugax   precedes permanent 
loss in 44 % of the patients. Transient diplopia is present in around 6 % of the 
patients [ 6 ]. 

 Polymyalgia is the most frequent muscoloskeletal manifestation in GCA and 
polymyalgic symptoms can occur before, during or after the vasculitis diagnosis. 
Since some patients with  PMR   have subclinical vasculitis or a condition that pro-
gresses to vasculitic complications, follow-up evaluation is needed. Polymyalgia is 
from 3 to 10 times more frequent in patients with GCA. Distal symptoms, such a 
peripheral arthritis and distal swelling with pitting edema and  Raynaud’s phenom-
enon   can arise in 25 % of the patients [ 1 ,  6 ,  9 ]. 

 One or more systemic manifestations, including fever, malaise, anorexia, and 
weight loss, are present in most patients. Fever is usually of low grade, but it reaches 
39–40 °C in about 15 % of patients and might be the presenting manifestation or the 
only feature of giant-cell arteritis. Neurological manifestations occur in about 30 % 
of patients, in around 14 % of all patients they consist of neuropathies and periph-
eral mononeuropathies and peripheral polyneuropathies of the upper and lower 
extremities. Respiratory tract symptoms including cough, sore throat and hoarse-
ness occur in about 10 % of the patients. GCA patients may also suffer from ear 
pain, and dizziness, due to vestibular or cochlear dysfunction. Cranial nerve palsies 
or ischemic myopathy may rarely occur [ 1 ,  9 ]. 

    Large vessel vasculitis occurs in 25 % of patients with GCA and  aortic arch syn-
drome   in about 10–15 % of patients presenting with claudication of the arms; bruits 
over the carotid, subclavian, axillar and brachial arteries; and absent or decreased 
pulses in the neck or arms. Thoracic aortic aneurysm and dissection of the aorta are 
important late complications of GCA, but, unfortunately, there are no clinical pre-
dictors across studies that allow clinicians to identify this risk of large vessel 
involvement. Disease recurrences and an incomplete response to standard doses of 
steroids would raise the possibility of large vessel involvement [ 1 ,  5 ].  

8.6     Ocular Manifestations 

 Sudden, severe, and sequential vision loss is the hallmark of GCA. The vision loss 
is usually discovered upon awakening in the morning. Visual acuity is usually less 
than 20/200 in more than 60 % of patients with vision loss. The fellow eye usually 
gets involved within days to weeks of the initial eye. In addition to causing a sudden 
permanent vision loss, GCA can present weeks earlier with  amaurosis fugax   or a 
temporary vision loss, which is due to partial occlusion of the short posterior ciliary 
arteries or central retinal artery causing transient ischemia. GCA may initially also 
present with diplopia or eye pain [ 1 ,  6 ]. 

 A signifi cant decline in the incidence of visual manifestations has been reported 
over the past 5 decades. Chances of recovery were poor in patients with anterior 
ischemic optic  neuropathy   or complete vision loss, but patients diagnosed in the 
later decades were more likely to recover from visual symptoms because of an 
 earlier treatment. Thus, any elderly patient presenting to the doctor with visual 
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symptoms or eye pain should be considered to be a GCA until proven otherwise in 
order to minimize permanent vision loss in GCA patients [ 13 ]. 

 Sudden vision loss in GCA occurs most often due to an infl ammatory thrombosis 
of the short posterior ciliary arteries, which form a fi ne vascular network that sup-
plies the optic disk. When these vessels become thrombosed with infl ammation, a 
stroke to the optic disk occurs. This is  called   anterior ischemic optic neuropathy or 
 AION  , that is characterized by a swollen optic disk accompanied by hemorrhages 
and sometimes exudates. The swollen optic disk may have a chalky white appear-
ance in GCA. This pallid swelling is due to the extreme ischemia of GCA, in the 
early phases.  Jaw claudication  , diplopia and temporal abnormalities are predictive 
features of anterior ischemic optic complication [ 6 ]. 

 Rarely, the ischemia to the optic nerve occurs posteriorly, and therefore there is 
no disk swelling. In this instance, it is  called   posterior ischemic optic neuropathy or 
 PION  . GCA may also sometimes cause a central retinal artery occlusion (CRAO). 
About 5 % of patients over age 50 with CRAO have GCA. In this case a classic 
cherry red spot in the macula occurs, but no cholesterol or calcifi c embolus will be 
seen since again this is due to an infl ammatory thrombosis. GCA may also rarely 
cause a cilio-retinal artery occlusion or ocular ischemic syndrome, that is character-
ized by eye pain,  iritis  , and hypotonia. Cotton wool spots may also be seen in the 
retina and indicate concurrent retinal ischemia.  Fluorescein angiography (FA)   may 
be helpful to identify choroidal hypoperfusion and aid in the timely diagnosis of 
GCA (Figs.  8.2  and  8.3 ) [ 6 ].

  Fig. 8.2    Optic disc in patients with GCA. Legend: ( a ) Optic disc edema in initial phases. ( b ) Optic 
disc atrophy and fl amed shape hemorrhages       
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8.7         Subtypes of GCA Disease 

 The clinical characteristics of GCA spectrum can be summarized in four main clini-
cal subtypes that are associated with peculiar complications and are summarized in 
Table  8.1  [ 5 ].

•       PMR    :  is characterized by predominantly proximal muscle pain and stiffness, 
signifi cant morning stiffness, and much less commonly a peripheral infl amma-
tory arthritis. The large vessels involvement is often asymptomatic.  

•    Cranial (temporal) arteritis:  This is characterized by temporal headache, 
 amaurosis fugax  , jaw and/or  tongue claudication  , scalp tenderness and/or 

  Fig. 8.3    Ocular manifestations in GCA       

   Table 8.1    Clinical subtypes in GCA disease   

 Polymyalgia 
 Temporal 
arteritis   Aortitis   

 Infl ammatory 
arteritis 
syndrome  Rheumatica 

 Clinical 
symptoms 

 Infl ammatory 
muscle pain, 
morning stiffness 

 Headache, 
 amaurosis 
fugax  , jaw or 
 tongue 
claudication  , 
scalp tenderness 
and/or 
hyperesthesia 

 Claudication, 
pulse differences 

 ESR-FUO 
 Weight loss 
 Night sweating 
 Fatigue, 
malaise 

 Involved Arteries  Branches of  Subclavian 
arteries, 

 A. carotid  Carotid, 
Vertebrobasilar 

 A. vertebralis  Iliac arteries 
 Aorta 

 Complications  Excessive pain 
medication 

 Loss of vision  Aneurysm, 
Arterial dilatation, 
Aortic valve 
insuffi ciency 

 Loss of vision 
 Ischemic tongue 
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 hyperesthesia. The affected temporal artery is often thickened, tortuous, tender, 
nodular, or have diminished pulsation. The main concern of cranial GCA is 
“arteritic”  AION   of the eye. If left untreated, the other eye is also likely to be 
affected within weeks. Rarely, patients can present with scalp necrosis.  

•    Extracranial disease manifesting    as     LVV   :  It has become evident in the last 
few decades that large artery involvement is a common but under-recognized 
manifestation of GCA, and tends to occur in up to a third of patients with this 
disease. This could be in the form of (a) arterial stenoses, occlusions or ectasias 
affecting subclavian and axillary arteries, carotid and vertebro-basilar arteries, 
and also sometimes the iliac arteries and their distal branches, and (b)  aortitis  , 
which is often asymptomatic, manifesting as ectasias and aneurysm formation in 
the thoracic and less commonly the abdominal aorta. This can sometimes be 
complicated by aortic rupture or dissection. As it is mostly asymptomatic, vascu-
lar imaging studies can be useful to detect the large vessels involvement in 
patients with atypical symptoms and raised infl ammatory biomarkers.  

•    Infl ammatory arteritis syndrome with constitutional symptoms:  are com-
mon in both GCA and  PMR   or can be present as only symptoms: fever, malaise, 
fatigue, weight loss, anorexia, night sweats.     

8.8     Diagnosis 

 GCA is considered on the basis of the medical history, clinical evaluation, and labo-
ratory and imaging tests, and it is confi rmed on the basis of histologic fi ndings. 

 The diagnosis of GCA is particularly challenging and should be considered in a 
patient over the age of 50 who develops [ 14 ]:

•    new headache,  
•    jaw claudication  ,  
•   acute onset of visual disturbances,  
•   symptoms of polymyalgia rheumatica,  
•   unexplained fever or anemia, or cough or cachexia,  
•   elevated acute phase reactants,  
•   temporal artery abnormality on examination.    

 A high percentage (40 %) of patients presents nonspecifi c symptoms. Except for 
histopathology of the artery wall, neither laboratory data nor specifi c signs or symp-
toms exist for the diagnosis of temporal arteritis. Only 4 % of patients with con-
fi rmed GCA had both a normal ESR and a normal CRP level at the time of diagnosis. 
The classifi cation criteria proposed by the American College of Rheumatology are 
currently used (Table  8.2 ). For each of these criteria, the presence of all the charac-
teristics is needed in order to formulate the diagnosis of GCA. The presence of three 
or more criteria leads to a 93.5 % sensibility and to a 91.2 % specifi city [ 9 ,  15 ].
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   The superfi cial  temporal artery biopsy   represents the gold standard for the diag-
nosis of GCA, while a negative result does not exclude it; 10–15 % of the biopsies 
are falsely negative. 

 EULAR recommendations for the  management   LVV recommended that “ A tem-
poral biopsy should be performed whenever a diagnosis of GCA is suspected, but 
this should not delay the treatment. A contralateral biopsy is not routinely indi-
cated ” [ 16 ]. Thus,  temporal artery biopsy   should be performed soon when cranial 
GCA is suspected, ideally prior to starting  glucocorticoids  , on the most symptom-
atic side. However, due to the segmental infl ammatory involvement of the temporal 
artery, a contralateral biopsy may be considered to confi rm a pathologic diagnosis 
of this vasculitis in patients in whom clinical suspicion of GCA is high. This simple 
procedure has no absolute contraindication and complications are uncommon. 
Thus, if not done earlier, it is recommended to get the biopsy even up to 4 weeks 
after initiation of therapy. Due to segmental involvement, suffi cient specimen length 
(>1 cm) is also important. If the temporal arteries are not abnormal on examination 
but the facial or occipital arteries are, then these arteries should be biopsied instead. 
This may also be deemed necessary if bilateral temporal artery biopsies are negative 
and the diagnosis of cranial-GCA is still being considered [ 5 ]. 

 The ultrasound of the temporal artery is considered to be helpful in the diagnosis. 
In the ultrasound color-doppler, a “halo” effect around the temporal artery is a spe-
cifi c aspect in patients with clinically active arteritis and confi rms the diagnosis; 
however its sensitivity is low (40 %); therefore the absence of this sign does not 
exclude it [ 9 ]. If an extracranial involvement of GCA is suspected, an arteriography, 
a computed tomography (CT) scan, and a magnetic resonance ( MRI  ) are required as 
diagnostic tests [ 5 ,  7 ,  9 ].  

8.9     Laboratory and Instrumental Diagnosis 

 Laboratory fi ndings in GCA are non-specifi c but indicate the infl ammatory nature 
of this syndrome [ 1 ]. Increased ESR and C–reactive protein (CRP) can be associ-
ated with thrombocytosis. The combination of ESR and CRP increase is 97 % 

   Table 8.2    Classifi cation criteria for the diagnosis of GCA (ACR 1990) [ 15 ]   

 Criteria  Defi nition 

 Age  Onset of the symptoms at age 50 or older 
 Recent onset of severe headache  Onset of a new type of pain located in the head 
 Anomalies of temporal artery  Pain in the palpation of temporal artery or reduced 

pulsatility, not connected to the atherosclerosis of the 
cervical arteries 

 Increase of ESR  ESR > 40 mmHg 
 Typical abnormalities of the 
biopsy of the temporal artery 

 Vasculitis typically characterized by an infi ltrate of 
mononuclear cells or infl ammation of granuloma with 
multinucleated cells. 
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specifi c for the diagnosis of GCA. Tests for rheumatoid  factor   and for  anti-cyclic 
citrullinated peptide antibodies   are usually negative. A moderate anemia of chronic 
disease (ie, normocytic anemia) is present in most patients, and concentrations of 
liver enzymes—particularly alkaline phosphatase—can be mildly raised [ 1 ].  Serum 
  interleukin-6 concentrations tend to correlate with disease activity and may be a 
better predictor of relapse than ESR [ 5 ], but no recommended biomarkers are avail-
able for diagnosis and monitoring. 

 The role of imaging studies in diagnosis and follow-up has been insuffi ciently 
defi ned and the validation of  imaging techniques   for diagnosis and monitoring is in 
the research agenda for GCA. Ultrasounds (US), computed tomography (CT),    mag-
netic resonance imaging (MR),  contrast angiography    and   positron emission tomog-
raphy (PET) can be useful for corroborating the clinical diagnosis, to rule out 
asymptomatic large vessel involvement or asymptomatic progression and to evalu-
ate a worsening due to infl ammation and/or mechanical factors. The sensitivity and 
specifi city of this high-cost imaging method for diagnosing and monitoring GCA 
have not been established. Cost and accessibility must be weighed against the con-
cerns of radiation and contrast toxicity [ 5 ]. 

 US can be useful to identify the vessel wall edema ( halo sign  ) and irregularity in 
the artery (Fig.  8.4 ). The main specifi c US fi nding is the  halo sign  , a dark hypoechoic 
circumferential wall thickening around the artery lumen predominantly due to an 
acute infl ammatory process of the arterial wall, that tends to disappear after starting 
steroid treatment [ 17 ].

   MR and CT of the aortic arch and its major branches are useful in patients in 
whom GCA has been confi rmed on biopsy, in order to assess the extent of arterial 
involvement (including the presence of stenosis, dissection, and aneurysms) and to 
monitor vascular lesions for any signs of progression. MR or CT may also be used 
to identify large-vessel involvement in patients with suspected GCA that has not 
been confi rmed on biopsy and in whom there is clinical evidence of peripheral isch-
emic disease. CT can identify structural abnormalities, thickening and enhancement 

  Fig. 8.4    Temporal artery US  Halo sign  . Legend:  Halo sign   in US of the temporal artery: a dark 
hypoechoic circumferential wall thickening around the artery lumen predominantly due to an acute 
infl ammatory process of the arterial wall. In this fi gure the  halo sign   tends to disappear after start-
ing steroid treatment       
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of the vessel wall. Intramural leaky microvessels give raised delayed enhancement 
of the arterial wall, which is consistent with, but not specifi c for, infl ammatory 
activity. Wall thickening and increased intra-wall blood pooling may not be revers-
ible with treatment and should not be used to assess the infl ammatory burden or 
disease activity. Given the effective use of MR and CT, traditional  angiography   is 
now reserved for planning  revascularization   procedures, when required [ 2 ,  5 ,  7 ]. 

 Conventional imaging tools (US, CT, MR,  contrast angiography  ) provide ana-
tomic and morphological information,  while   PET/CT provide metabolic assessment 
of GCA.  18 F-Fluorodeoxyglucose ( 18 F-FDG)  PET   is an effective tool for the diagno-
sis, grading, and follow-up of patients affected by GCA involving the aorta and its 
proximal branches, and it has been proposed for quantifying the infl ammatory bur-
den, but the lack of a standardized method for the assessment of vascular infl amma-
tion remains a critical issue, potentially leading to misclassifi cation. Although there 
is no perfect method for the diagnosis of GCA at present, FDG-PET may play a role 
in the management of GCA when the ultrasonography is negative. Nowadays,  18 F-
FDG  with   PET/CT cannot be relied on to distinguish vasculitis from non- vasculitic 
infl ammatory lesions (e.g., atherosclerotic changes in vessel walls), and its sensitiv-
ity for smoldering and treated vasculitis is limited; thus, routine use is not recom-
mended (Fig.  8.5 ) [ 18 ].

8.10        Open Questions: The Cardiovascular Risk and Large 
Vessel Involvement Evaluation 

 An increased cardiovascular and thromboembolic risk in vasculitis is reported and 
seem to be related to the period of higher activity of the disease. The majority of 
cerebrovascular ischemic events are due to the involvement of internal carotid or 
vertebro-basilar arteries, while arteritis of the intracranial district is rare and limited 
to a subset of GCA patients with a poor prognosis and a worse outcome with corti-
costeroids therapy. The role of traditional risk factors for cerebrovascular ischemic 
event in this disease is still debated, but considering the age of onset of GCA the 
investigation of cardiovascular risk factor can have important implications for clini-
cal care both immediately after the diagnosis and in long-term treatment [ 9 ]. A 
recent large cohort study on 3,408 GCA patients with a median follow-up of 4 years 
evaluated the cardiovascular risk in GCA patients as compared to a sample of con-
trols and found an increased incidence of cardiovascular events (myocardial infarc-
tion,  cerebrovascular accident  , peripheral vascular disease) with an incidence rate 
ratio of 1.68 (95% CI:1.49–1.89) [ 19 ]. The association of GCA with cardiovascular 
disease was higher 1 month after the diagnosis than during follow-up. These fi nd-
ings are consistent with those studies of GCA reporting an increased risk for blind-
ness – also an ischemic vascular event- occurring early in the disease. These data 
support treatment with a low-dose of  aspirin   in clinical practice to prevent ischemic 
events [ 9 ] and the importance of treatment of all classical cardiovascular risk factors 
(arterial hypertension, diabetes, smoke) during corticosteroids therapy in GCA. 
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 Patients with GCA appear to have an elevated incidence  of   aortic aneurysms, 
particularly thoracic aortic aneurysm (TAA), compared with the general population; 
the aneurysm may only be discovered some years after GCA diagnosis, in the event 
of (often fatal) dissection or rupture. This late aneurysm development in GCA might 
be a consequence of cumulative infl ammatory damage to the smooth muscle and/or 

  Fig. 8.5       PET/CT images of a patient with GCA and  aortitis  . Legend:    PET/CT images of a patient 
with GCA and  aortitis  .  Upper panel : Before treatment, wall thickening was demonstrated in the 
ascending aorta and aortic arch with increased FDG uptake, consistent with active infl ammation. 
 Lower panel : After  glucocorticoid   treatment, signifi cant reduction in degree of FDG uptake associ-
ated with the wall of aortic arch, when compared to previous study. This fi nding is consistent with 
a positive response of the hypermetabolic infl ammation of the aortic wall to therapy       
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 elastic laminae   of the aortic wall, although it has also been proposed that the aortic 
infl ammation in GCA is secondary to atrophy of the aortic smooth muscle. In a 
recent metanalysis, the literature data support an association between GCA and 
TAA or thoracic aorta dilatation (TAD) compared with age-matched controls, but 
the true relative risk and the time course of that risk remain unclear because no 
controlled trials of aneurysm screening in GCA are available [ 7 ,  20 ]. Current UK 
guidelines for management of GCA suggest a chest radiograph every 2 years to 
screen for TAA, but the chest radiography is not a very sensitive test. Conversely, 
America Guidelines recommend CT or  MRI   of the thoracic aorta in the initial evalu-
ation of GCA. Whether routine imaging can be generally recommended must also 
take into account resource use (costs, scanning time, patient acceptability of each 
imaging modality, and the risks of ionising radiation or intravenous contrast), con-
sidering that metanalysis states that in order to detect a previously unknown aneu-
rysm, we would need to screen as few as fi ve to ten GCA patients. So in clinical 
practice the clinicians should retain a high index of suspicion for aortic pathology in 
patients with GCA for screening the patients for TAA. Before ordering imaging, 
clinicians should consider whether, and how, detecting aortic pathology would 
affect a patient’s management [ 20 ].  

8.11     Therapeutic Management 

 Corticosteroids are the cornerstone of the therapy in GCA. Their use has dramati-
cally reduced the frequency of severe visual ischemic complications in this disease. 
Current therapy with  glucocorticoids   offers prompt suppression of some infl amma-
tory pathways, but probably resistant pathogenic pathways sustain chronic vascular 
remodelling in GCA. No absolute guidelines exist as to the length of treatment with 
corticosteroids for GCA. It may be reasonable to maintain the patient on treatment 
for 2 years to reduce the chances of relapses. Even then, relapses have been reported. 
Some patients may need treatment for as long as 5 years. Because the incidence of 
new visual damage appears to decrease with disease duration, repeat a  temporal 
artery biopsy   could be considered before restarting corticosteroids in patients who 
relapse after 18–24 months. 

 It is not clear whether more aggressive, longer term immunosuppression could 
improve outcomes. The coexistence of several vasculogenic immune abnormalities 
has complicated the development of new, glucocorticoid-sparing therapies. 
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8.11.1     Glucocorticoid Therapy 

  Glucocorticoids   have been the gold standard treatment for GCA since their fi rst use 
for the condition in the 1950s. EULAR recommends early initiation of high-dose 
 glucocorticoid   therapy for induction of remission  in   large vessel vasculitis [ 16 ] and 
the use of low-dose  aspirin   that can modulate the transcriptional activation of INF-ϒ 
gene in experimental model. Clinical trials on tromboprophylaxis for primary pre-
vention of vascular outcomes in GCA are still lacking [ 16 ]. 

 Given the risk of irreversible ischemic complications, new-onset clinical mani-
festations of disease indicating an unstable supply of blood to the eyes or the central 
nervous system (e.g., arteritic  optic neuropathy  , evolving visual loss, amurosis 
fugax) are typically managed with intravenous pulse therapy (e.g., 1000 mg of 
methylprednisolone per day for 3 consecutive days) to optimize immunosuppres-
sion and suppress tissue edema. Once tissue necrosis occurs (e.g.,    optic-nerve isch-
emia with blindness for several hours), it is irreversible [ 14 ]. 

 To summarize the therapeutic approach:

•    High-dose pulsed intravenous corticosteroids in patients with visual impairment  
•   Prednisolone 1 mg/kg/day ( maximum 60 mg/day ) as initial dose maintained for 

1 month (in uncomplicated GCA without  jaw claudication   and visual 
disturbance)  

•   Established vision loss: 60 mg prednisolone daily to protect the contralateral eye.  
•   Tapering gradually corticosteroids: 10 mg every 2 weeks to 20 mg/die, then 

2.5 mg every 2–4 weeks to 10 mg/die, then 1 mg every month  
•   Not alternate day therapy (more likely relapse)  
•   Therapy should last 1–2 years  
•   Low dose  aspirin   (75–150 mg per day), in the absence of contraindications.    

 The symptoms of GCA should respond rapidly to high-dose glucocorticosteroid 
treatment, followed by resolution of the infl ammatory response. Failure to do so 
should raise the question of an alternative diagnosis. Monitoring of therapy  for   large 
vessel vasculitis should be clinical and supported by the measurements of infl am-
matory markers. Glucocorticosteroid reduction should be considered only in the 
absence of clinical symptoms, signs and laboratory abnormalities suggestive of 
active disease. 

 Patients should be monitored for evidence of relapse, disease-related complica-
tions and glucocorticosteroid related complications. Proton pump inhibitors for gas-
trointestinal protection should be considered [ 15 ]. Bone density measurement is 
recommended when therapy is initiated. Calcium, vitamin D supplements, and 
bisphosphonates are also necessary. Patients should be warned about other common 
side effects of long-term  glucocorticoid   use such as weight gain, glucose intoler-
ance, hypertension, and opportunistic infections. 
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 Even with gradual reduction of doses of glucocorticosteroids, clinical fl ares have 
been reported to occur in more than 50 % of patients, particularly during the fi rst 
12–16 months, when the prednisone dose is reduced to about 5–10 mg per day [ 1 ]. 
Disease relapse should be suspected in patients with a return of symptoms of GCA, 
ischemic complications, unexplained fever or polymyalgic symptoms and in par-
ticular, the following features should be sought: jaw and  tongue claudication  , visual 
symptoms, vascular claudication of limbs, bruits and asymmetrical pulses, polymy-
algic symptoms, osteoporotic risk factors and fractures. A rise in ESR/CRP is usu-
ally seen with relapse, but relapse can be seen with normal infl ammatory markers.  

8.11.2     Combination Therapy 

 During a 10-year follow-up of a population-based cohort of patients with GCA, 
more than 80 % had at least one complication related to  glucocorticoid   treatment. 
Although mortality is not increased in cohorts of patients with GCA, corticosteroids 
usage is associated with a seven-fold increase in the risk of severe opportunistic 
infections compared to the rest of the population. A combination therapy approach 
has been proposed in GCA to reduce the relapse, reach lower dose of prednisolone, 
sparing oral  glucocorticoids  , reducing adverse event.  Hydroxychloroquine  , 
 Methotrexate  ,  Cyclophosphamide  ,    Lefl unomide,  Azathioprine   have been reported 
for the treatment of GCA, but their effi cacy, though often used in this setting, has 
not been established. 

 EULAR recommendations and British guidelines recommend that an immuno-
suppressive agent should be considered for use  in   LVV as adjunctive therapy, espe-
cially in recurrent relapses [ 14 ,  16 ], but the results from a recent meta-analysis on 
combination therapy show no clear benefi t from using adjunct therapy with cortico-
steroids for the treatment [ 21 ]. 

 This metanalysis considering three placebo-controlled randomized trials involv-
ing patients with newly diagnosed GCA showed that a regimen of  glucocorticoid   
therapy plus  methotrexate   as compared with  glucocorticoids   alone conferred a sig-
nifi cant but modest benefi t in lowering the relapse rate and in reducing the cumula-
tive dose of  glucocorticoids  , without increased risk for infection but without 
reducing also the side effects of the glucocorticoids [ 21 ].  

8.11.3     Biologic Therapy 

 The use of anti-TNF agents is limited. The  infl iximab   trial was stopped early due to 
an increased risk of infection in those individuals receiving  infl iximab  . The other 
anti-TNF trial involving  adalimumab   revealed a signifi cantly increased number of 
patients with overall infections in the intervention arm as compared to control, and 
this reached statistical signifi cance. 
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 Therapy targeted at disrupting the function of IL-6 is currently undergoing clini-
cal testing. In a small number of patients with GCA, treatment with the IL-6 recep-
tor antagonist  tocilizumab   at a dose of 8 mg per kilogram per month resulted in 
rapid suppression of systemic infl ammation [ 22 ]. However, it is not certain whether 
IL-6 blockade is effective for the treatment of vascular infl ammation and it is impor-
tant to keep in mind the risk of infection when using this drug in patients with GCA. 

 New drugs blocking IL17 might achieve interesting results in GCA. Adequately 
powered randomized controlled trials to assess the role of immunosuppressive ther-
apy (conventional as well as biological) with  glucocorticoids   are necessary to draw 
scientifi c guidelines.       
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    Chapter 9   
 HLA System and Giant Cell Arteritis                     

     F.     David     Carmona      and     Javier     Martín   

    Abstract     Giant cell arteritis (GCA) is a complex condition in which many  loci  
across the genome may be involved in its susceptibility and phenotypic expression. 
However, recent large-scale genetic data has shown that the HLA system exerts 
most of the genetic infl uence to disease risk, particularly class II genes. This is in 
contrast with that observed in Takayasu arteritis, the other large vessel vasculitis, in 
which the HLA association is mainly driven by class I haplotypes. The use of novel 
imputation methods has made possible an analysis of the HLA system at the amino 
acid level in GCA. In this context, three polymorphic amino acid positions (posi-
tions 13 and 56 of the class II molecules HLA-DRβ1 and HLA-DQα-1, respectively, 
and position 45 of the class I molecule HLA-B) have been proposed as the causative 
variants for the HLA association with this type of vasculitis. Although functional 
experiments may be carried out to confi rm these fi ndings, the current data clearly 
reinforces the idea of GCA as an antigen-driven disease with a major role of T cells.  

9.1       Introduction 

   Giant cell arteritis (GCA)   is an immune-mediated vasculitis characterised by infl am-
matory lesions in medium and large vessels. It shows a complex etiology, in which 
different factors (including genetic, epigenetic and environmental factors) may 
interact for its development and clinical manifestations [ 1 ]. Cumulated knowledge, 
based on the study of gene expression profi les and genetic markers of disease sus-
ceptibility, indicates that GCA is an antigen-driven condition [ 2 ]. In this regard, it 
has been described that different T cell populations are directly involved in the 
immunopathological mechanisms leading to GCA, including IFNγ-producing Th1 
cells, Th17 cells, Treg cells and Th9 cells [ 3 – 6 ]. Consistent with the above, the main 
genetic associations with GCA are harbored within the human leukocyte antigen 
(HLA) region [ 7 ], as it occurs in most autoinfl ammatory and autoimmune diseases, 
emphasizing the central role of immunity in the pathogenesis of GCA. 
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 The use of high-throughput genotyping platforms has allowed us to have a better 
perspective of the genetic background underlying GCA predisposition. Thanks to 
the recent large-scale genetic analysis performed in a well-powered GCA cohort 
from different populations of European origin [ 8 ], we currently know that HLA 
genes represent a considerably high proportion of the heritability of this type of 
vasculitis. Therefore, understanding how the HLA system infl uence GCA develop-
ment may defi nitively help us in the challenging endeavour of designing more effec-
tive therapeutic strategies for this condition. 

 In this chapter, we will give an overview of the structure and function of the HLA 
system and we will summarise the recent fi ndings on its contribution to GCA risk.  

9.2     Structure and Function of HLA Class I and II Molecules 

 The acronym ‘HLA’ was fi rst established more than six decades ago to list a group 
of serologically defi ned antigens, which varied from individual to individ-
ual and were associated with organ transplant rejection. Nowadays, we know that 
the HLA system is a complex genetic region involved in an important mechanism of 
the immune system aimed to differentiate self-components from potentially harmful 
non-self agents. Specifi cally, the HLA genes encode for surface glycoproteins that 
recognise and present antigens to the immune cells, thus having a major role in the 
control of the immune response. As this system operates not only in humans but 
also in most vertebrate species, the term ‘Major Histocompatibility Complex’ 
(MHC) was proposed to name the system in general. Therefore, the HLA genes are 
the human versions of the MHC [ 9 ]. 

 The HLA region is located at the short arm of chromosome 6 and includes, 
amongst others, two major sets of genes: the  HLA class I genes   (HLA-A, -B, and 
-C) and the  HLA class II genes   (HLA-DR, -DQ, and -DP). Both classes of HLA 
genes have different biological functions. 

 The HLA class I proteins are expressed on the membrane of all nucleated cells in 
the body, and their main function is to display intracellular peptides to CD8+ T 
cells. They are composed of three α domains (encoded by the  HLA class I genes  ) 
and are linked non-covalently to the β2-microglobulin, which is not polymorphic. In 
physiological conditions, CD8+ T cells are tuned during thymocyte maturation to 
the specifi c set of HLA class I and self proteins produced by the corresponding 
individual, and will not be activated in response to them in a process known as 
 immune tolerance  . However, if a foreign or strange peptide is presented by a HLA 
class I protein (because of a viral infection, for instance), an immediate immune 
response will be triggered against the infected cell [ 10 ]. 

 On the other hand, HLA class II proteins consist of two homogenous peptides 
(designated as α and β chains), both of which are encoded  by   HLA class II genes. 
Their expression is generally restricted to some cell types known as antigen 
 presenting cells (including dendritic cells, macrophages, and B cells), which do not 
present cytosolic antigens but those derived from extracellular components to CD4+ 
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helper T cells. This is the mechanism that commonly operates in bacterial infec-
tions. In this case, extracellular pathogens are endocytosed, digested in lysosomes, 
loaded onto the antigen-binding groove of the HLA molecule, and recognised as 
non-self by CD4+ helper T cells, which, as a consequence, initiate an appropriate 
immune response consisting of monoclonal expansion, localised infl ammation, 
release of chemoattractant cytokines to recruit phagocytes, and production of spe-
cifi c antibodies against the pathogen [ 11 ].  

9.3     The Complexity of the HLA Genomic Region 

 The HLA region spans around 4-megabase pairs (Mbp) within the chromosome 
position 6p21.3 and it is characterised by three main features: (1) it contains a high 
gene density (more than 400 genes and pseudogenes have been annotated, many of 
them with related immune functions), (2) it shows an extreme sequence variation 
(more than 8000 alleles have been described for the classical HLA genes), and (3) 
there is an extensive linkage disequilibrium (LD) in the region [ 12 ]. These charac-
teristics are a consequence of a unique evolutionary history that has shaped the 
genetic structure of this genomic region not only by recombination and gene con-
version, but also by natural selection, which makes it diffi cult to tease apart effects 
of individual  loci  in disease association studies [ 13 ]. To facilitate this, a systematic 
nomenclature system based on the early serological studies was developed by the 
‘ WHO Nomenclature Committee for Factors of the HLA System ’ (  http://hla.alleles.
org/nomenclature/committee.html    ), which fi rst met in 1968 and laid down the crite-
ria for successive meetings [ 14 ]. At fi rst, to defi ne the different serotyped haplo-
types ( i.e.  combinations of specifi c sets of amino acids of the HLA proteins 
responsible for transplant rejection), this nomenclature included names composed 
of the HLA gene that encoded the corresponding protein, followed by two-digit 
numbers ( e.g . HLA-DRB1* 01  ). Consequently, these two-digit alleles correlated 
with the variation of the protein epitopes to which the antibodies were bound. Later 
on, the use of the polymerase chain reaction (PCR) and DNA sequencing techniques 
allowed a better estimation of the sequence variation of the HLA genes, and names 
containing four-digits were established to defi ne haplotypes including non- 
synonymous changes within exons ( e.g.  HLA-   DRB1*01:01). Although successive 
digits have been added to improve the accuracy of the defi ned haplotypes (to con-
sider synonymous changes, for example), it was accepted by consensus that the 
analysis of 4-digit types, known as classical HLA alleles, is an appropriate approach 
to obtain a good estimation of the HLA contribution to the studied phenotypes 
(Fig.  9.1 ).

   However, it is important to note that the classical HLA alleles do not consider all 
genetic variants and polymorphic amino acid positions within the HLA region, but 
only specifi c haplotypes covering each of the HLA genes. As a consequence of the 
broad LD across many genes, the interpretation of the HLA associations with clini-
cal phenotypes remains diffi cult. An optimal approach to identify causal variants for 
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those associations would be to analyse the complete sequence data across the HLA 
region, but this represents a major challenge due to its complex genetic structure. 
Considering the above, researchers from the Broad Institute (Cambridge, 
Massachusetts, USA) proposed an alternative methodology consisting of testing 
single-nucleotide polymorphisms (SNP) and polymorphic amino acid positions 
individually, instead of the traditional approach of testing the established haplotypes 
[ 15 ]. To do that in a cost-effective manner, and taking advantage of the high- 
throughput genomics, they developed an imputation method that infers the variation 
within the HLA region of SNPs, classical HLA alleles, and amino acid polymor-
phisms at class I and II  loci , using a reference panel of 5225 individuals of European 
origin with genotyping data of 8961 SNPs and indel polymorphisms across the 
HLA region, as well as four-digit genotyping data of the HLA class I and II mole-
cules [ 16 ]. As discussed below, the imputation and association testing at the amino 
acid level have remarkably facilitated the fi ne-mapping of primary HLA association 
signals for many immune-mediated conditions, including GCA.  

9.4     HLA and Human Disease 

 The HLA region has been associated with a wide spectrum of clinical conditions in 
humans, more than any other region of the genome, including autoimmune and 
autoinfl ammatory diseases, infectious diseases, cancer, graft-versus-host disease, 
and severe side-effects of drugs [ 17 ,  18 ]. 

 With regards to autoimmunity, typical diseases associated with classical HLA 
class I alleles include ankylosing spondylitis (HLA-B*27), Behçet’s disease (BD) 

  Fig. 9.1    Comparison of the amino acid sequence between different  HLA-DRB1   classical alleles 
at two- and four-digit types. The reference sequence corresponds to that of the HLA-DRB1*01 
allele. For the HLA-DRB1*01 sequences shown, a hyphen indicates identity to the reference 
sequence, whereas non-identity to the reference sequence is shown by displaying the appropriate 
residue at that position. The DNA codons for the two amino acids present in position 13 are also 
shown, with red bases indicating presence of different alleles of single-nucleotide 
polymorphisms       
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(HLA-B*51) and Takayasu disease (TAK) (HLA-B*51); whereas some examples 
of HLA class II diseases are type 1 diabetes ( HLA-DRB1*04   and HLA-DRB1*03), 
rheumatoid arthritis (RA) ( HLA-DRB1*04   and HLA-DQA1*03), celiac disease 
(CeD) (HLA-DQA1*05 and HLA-DQB1*02), multiple sclerosis (HLA-DRB1*15), 
systemic sclerosis (SSc) (HLA-DRB1*11 and  HLA-DRB1*07  ),    systemic lupus 
erythematosus (SLE) (HLA-DRB1*03),  ulcerative colitis   (HLA-DRB1*11), and 
GCA ( HLA-DRB1*04  ), amongst others [ 18 ]. However, the extensive LD of this 
genomic region, together with the fact that disease predisposition concerns subtle 
effects of common alleles, has made it diffi cult to pinpoint causal coding or regula-
tory variants of those primary associations with confl icting results. 

 In any case, the novel imputation and fi ne-mapping approach described in the 
previous section have shed light into the pathological mechanisms underlying the 
HLA associations with autoimmune diseases. The fi rst published study using this 
method was performed in RA in 2012 [ 19 ]. The authors proposed a model of three 
amino acid positions in HLA-DRβ1 (11, 71 and 74), one in HLA-DPβ1 (9), and one 
in HLA-B (9), that explained almost completely the HLA association with this 
rheumatic disease. All associated amino acids were located in peptide-binding 
pockets, implying a functional impact on antigenic peptide presentation to T cells. 

 Subsequent studies have also analysed the HLA region at the amino acid level in 
other autoimmune diseases such as SSc,  SLE  , BD, and GCA [ 8 ,  20 – 22 ], making a 
valuable contribution to the current knowledge about the complex HLA associa-
tions that account for most of their phenotypic variance. 

 In the following section we will summarise the recent advances achieved in the 
study of the HLA contribution to GCA susceptibility.  

9.5     HLA Contribution to GCA Susceptibility 

9.5.1     Early Studies 

 Despite being limited by a low statistical power, many studies from the early 1990s 
clearly pointed out the HLA class II as the most relevant genomic region for GCA 
pathogenesis. Specifi cally,  HLA-DRB1*04   alleles (generally DRB1*0401 but also 
DRB1*0404) were directly involved in disease predisposition in almost all the inde-
pendent candidate gene studies conducted in this type of vasculitis, which included 
populations of European ancestry from USA, Spain, Italy, France, and Denmark 
[ 23 – 30 ] (Table  9.1 ). Some studies also reported a correlation between these alleles 
and both resistance to corticosteroid treatment and the development of visual com-
plications in GCA patients [ 25 ,  31 ,  32 ].

   Regarding HLA class I, some classical alleles were also suggested as GCA risk 
factors, including HLA-A*31, HLA-B*8, HLA-Cw3 and HLA-Cw6, described in 
the early 1980s, and the more recent associations with HLA-B*15 and with the 
MHC class I polypeptide-related sequence A ( MICA ) gene [ 33 – 36 ]. Nevertheless, 
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the results of those studies were inconsistent in most cases and were not replicated 
in independent populations [ 37 ].  

9.5.2     Novel Associations Using High-Throughput Data 

 The recently published large-scale genetic screening on GCA has represented a 
turning point in the elucidation of the HLA contribution to disease pathogenesis [ 8 ]. 
The study was possible thanks to the establishment of an exciting international col-
laborative effort, in which many research groups and hospitals worldwide, includ-
ing the ‘ European Vasculitis Genetics Consortium ’, the ‘ Spanish GCA Consortium ’, 

   Table 9.1    Described associations  of   giant cell arteritis with  HLA-DRB1*04   alleles   

 Year of 
publication  Cohort origin 

 Sample size 
(case/control)   P -value  OR  Reference 

 1992  Rochester, 
Minnesota (USA) a  

 42/63  0.03  NA  Weyand et al. 
[ 29 ] 

 1994  Rochester, 
Minnesota (USA) a  

 52/72  1.00E-04  NA  Weyand et al. 
[ 26 ] 

 1998  Toulouse (France)  41/384  <1.00E- 
03 

 2.83 d   Rauzy et al. [ 24 ] 

 1998  Montpellier 
(France) 

 42/1609  5.00E-04  3.10  Combe et al. 
[ 30 ] 

 1998  Lugo (Spain)  53/145  <0.05  NA  Dababneh et al. 
[ 27 ] 

 2002  Copenhagen 
(Denmark) 

 65/193  0.01  2.30  Jacobsen et al. 
[ 48 ] 

 2004  Cantabria (Spain)  44/99  0.04  1.90  Martínez-Taboda 
et al. [ 31 ] 

 2015  Spain  763/1517  5.75E-14  1.94  Carmona et al. 
[ 8 ] 

 2015  UK  251/8612  1.86E-12  2.00  Carmona et al. 
[ 8 ] 

 2015  Italy  238/1270  2.15E-03  1.68  Carmona et al. 
[ 8 ] 

 2015  North America b   205/1641  9.44E-09  2.02  Carmona et al. 
[ 8 ] 

 2015  Norway  99/374  9.29E-03  1.64  Carmona et al. 
[ 8 ] 

 2015  Germany  95/1892  2.31E-03  1.76  Carmona et al. 
[ 8 ] 

 2015  Combined c   1651/15,306  6.78E-38  1.92  Carmona et al. 
[ 8 ] 

   a Scandinavian descent 
  b USA and Canada 
  c Meta-analysis including Spain, UK, Italy, North America, Norway and Germany 
  d Risk ratio 
 NA, not available  
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the ‘ UKGCA Consortium ’ and the ‘ Vasculitis Clinical Research Consortium ’, con-
tributed with more than 1,600 GCA samples (with a diagnosis confi rmed either by 
 temporal artery biopsy    or   imaging techniques) from seven countries (Spain, Italy, 
UK, USA, Canada, Germany and Norway). For the analysis, more than 15,000 
matched controls were also included, thus representing the largest case–control 
cohort investigated in a genetic study on GCA so far. 

 Besides the high statistical power, what made this study of high relevance for the 
investigation of the HLA system in GCA, was the use of the ‘Human Immuno DNA 
Analysis BeadChip Kit’ (known as the  Immunochip  ). This genotyping platform was 
designed by a consortium of leading groups covering all of the major autoimmune 
and seronegative diseases to identify immune-related risk variants [ 38 ]. The 
Immunochip includes probes to type almost 200,000 SNPs, rare variants, and inser-
tion/deletion polymorphisms located within 186 known susceptibility  loci  for auto-
immune and infl ammatory disorders. The use of the  Immunochip   has been 
considerably helpful for the identifi cation of novel specifi c and common genetic 
risk factors in multiple immune-mediated diseases, including TAK, CeD, RA and 
SSc amongst others [ 21 ,  39 – 42 ]. Remarkably, the chip has a dense coverage of 
polymorphisms within the HLA region, which can be used to impute classical 
alleles and amino acid variations with the method described in the third section of 
this chapter. 

 The study confi rmed class II genes (  HLA-DRB1    and  HLA-DQA1 ) as the main 
contributors to disease risk. Indeed, the considerably higher statistical signifi cance 
observed within this region in comparison with the rest of immune genes analysed, 
suggested that most of the genetic component of GCA relies on HLA class II. This 
is consistent with the pathogen infection hypothesis proposed to explain the initial 
activation and expansion of local dendritic cells within the vessel wall of GCA 
patients [ 43 ]. Contrary to that observed in GCA, the strongest susceptibility mark-
ers for TAK, the other large vessel vasculitis, are harboured in the HLA class I 
region (specifi cally HLA-B*52). The different pattern of HLA associations observed 
between these two similar conditions is striking, and could refl ect disease-specifi c 
mechanisms during the early development of both type of vasculitides [ 44 ]. 

 However, the most relevant insight of the  Immunochip   study on GCA was the 
analysis of the HLA system at the amino acid level. The authors proposed a model 
of three amino acid positions that explained most of the differences in the HLA 
region between cases and controls. This model included the positions 13 and 56 of 
the HLA class II molecules HLA-DRβ1 and HLA-DQα1, respectively (representing 
the major contribution), and the position 45 of the HLA class I molecule HLA-B 
(which conferred a weaker but still signifi cant disease risk) (Fig.  9.2 ). Remarkably, 
all three amino acid positions were located in the binding groove of their corre-
sponding molecule, and they have been described to have a direct interaction with 
the bound antigen, which gives a functional implication to the model.

   The amino acid with higher effect size amongst the six possible residues in the 
position 13 of HLA-DRβ1 was histidine (which was also the top signal in the whole 
 Immunochip   study). This is one of the polymorphic amino acids that defi nes the 
HLA alleles associated classically with GCA, HLA-DRB1*04:01 and HLA- 
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DRB1*04:04 (Fig.  9.1 ). Hence, it is likely that the presence of this histidine in the 
binding pocket of the HLA-DR molecule can  predispose   antigen-presenting cells to 
recognise self-antigens within the vascular walls. 

 It is interesting to note that the histidine in position 13 of HLA-DRβ1 (and, con-
sequently, the  HLA-DRB1*04   alleles that contain this residue) is one of the most 
associated variants with RA susceptibility [ 19 ]. In this context, old studies described 
an association between GCA and  HLA-DRB1*04   alleles carrying the ‘shared epit-
ope’ (a common region of the β chain of HLA-DR, comprising positions 67–74, that 
is commonly present in RA patients and could be involved in presenting auto- 
immunological peptides) [ 26 ,  27 ]. In addition,  PTPN22  (a central regulator of both 
B and T cell receptor signalling) also represent the strongest non-HLA marker for 
both diseases [ 45 ,  46 ], and a genetic score predictive for RA was shown to yield 
signifi cantly higher values in GCA patients compared to controls [ 8 ]. Altogether, 
these evidences may suggest common pathological mechanisms between GCA and 
RA. However, these two diseases seldom co-occur and they clearly show a different 
phenotypic expression. It could be speculated that the risk  HLA-DRB1   haplotypes 
( i.e.  those including a histidine in position 13) act as major contributors to the loss 
of tolerance infl uencing the fi rst stages of both conditions, with other genes acting 
as secondary ‘modifi ers’ of the fi nal phenotype leading to GCA or RA.   

  Fig. 9.2    Amino acid model that best explains the HLA association with giant cell arteritis suscep-
tibility. The location of the associated amino acid positions is represented with a yellow sphere in 
the ribbon representation of each HLA molecule. P-values, odds ratios (OR) and effect conferred 
by the different residues at each position are also indicated (Data from Carmona et al. [ 8 ])       
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9.6     Future Perspectives 

 The establishment of an International GCA consortium, involving many groups and 
hospitals from Europe and North America, has allowed the fulfi lment of the fi rst 
large-scale genetic analysis on GCA, which has produced very exciting insights on 
the role of the HLA system in this type of vasculitis. However, the main conclusions 
are based on the assumption that all the effects are conferred on a log-additive scale, 
that is, the fi rst and second copies of an allele from an associated variant multiplica-
tively increase risk by the same amount (so homozygosis for an associated allele 
would double the disease risk of heterozygosis). However, recent lines of evidence 
suggest that non-additive genetic effects of dominance and epistasis, as a conse-
quence of differences in autoantigen-binding repertoires between a heterozygote’s 
two expressed HLA variants, may modulate the risk of autoimmune diseases [ 47 ]. 
To continue shedding light into the infl uence of the HLA system in GCA, this 
approach should be considered, as it could explain moderate fractions of the pheno-
typic variance. 

 On the other hand, the ongoing collaboration of the GCA consortium will 
increase the current case–control cohort, and additional subphenotype analyses of 
the HLA system accordingly with the main clinical complications of the disease 
could be performed. These studies may have relevant therapeutic implications, as it 
could be possible that different HLA haplotypes are related with higher risk to 
develop severe complications like visual loss or with relapses after corticosteroid 
tapering [ 43 ].  

9.7     Conclusion 

 Thanks to the advent of the new technologies for high-throughput genotyping, we 
have now a clearer overview of the genetic basis predisposing to complex traits such 
as the autoimmune diseases. Platforms like the  GWAS   or the  Immunochip   have 
helped us to make an accurate estimation of the contribution of the HLA system to 
the development of autoimmunity. We now know that the HLA region explains 
more disease risk than any other locus in the genome in most immune-mediated 
disorders. Elucidation of the functional implications of the autoimmune disease- 
associated HLA alleles is essential for a better understanding of the pathophysiol-
ogy of these conditions, and may ultimately lead to more effective treatments. 
Regarding GCA, a comprehensive analysis of the HLA system has been possible 
taking advantage of the dense SNP coverage of the Immunochip for this genomic 
region and the use of novel imputation methods. The data indicated that certain 
amino acids located in the binding groove of the HLA-DR and HLA-DQ molecules 
confer the strongest risk for GCA development, with a weaker contribution of class 
I residues. These data support the hypothesis that GCA is an antigen-driven disease 
likely triggered by a pathogen infection.      
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    Chapter 10   
 Microscopic Polyangiitis                     

     Franco     Dammacco      and     Angelo     Vacca   

    Abstract     Microscopic polyangiitis (MPA) is a necrotizing, systemic vasculitis 
usually affecting capillaries, venules and arterioles. Midium arteries can also be 
involved. Necrotizing glomerulonephritis and pulmonary capillaritis are the major 
pathological fi ndings, but granulomatosis is regularly absent. Its prevalence is lower 
than that of granulomatosis with polyangiitis and of eosinophilic granulomatosis 
with polyangiitis but, similarly to these two conditions, it belongs to the group of 
vasculitides associated with anti-neutrophil cytoplasmic antibodies (ANCA), 
directed (in most though not all MPA patients) against myeloperoxidase rather than 
against proteinase-3. In addition to general constitutional symptoms, clinical fea-
tures may range from a renal-restricted vasculitis usually consisting of idiopathic, 
necrotizing and crescentic glomerulonephritis to pulmonary capillaritis whose 
severity may reach the level of pulmonary hemorrhage. Purpuric eruptions and 
mononeuritis multiplex can also be detected with variable prevalence. At diagnosis, 
prompt and intensive treatment with the combination of corticosteroids and cyclo-
phosphamide is the usual fi rst-line approach, that is able to achieve a complete or 
partial response in over two-thirds of the patients. Maintenance therapy includes 
lower doses of corticosteroids, azathioprine and methotrexate. Rituximab has been 
shown to be effective in resistant and relapsing patients. End-stage renal disease, 
infections and cardiovascular failure are the most frequent causes of mortality.  
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10.1        Introduction 

 According to  the   nomenclature established by the 2012 revised  international   Chapel 
Hill Consensus Conference (CHCC) [ 1 ], microscopic polyangiitis ( MPA  ) is a nec-
rotizing vasculitis of unknown etiology belonging to the subgroup of small vessel 
vasculitides which predominantly affect small vessels such as intra-parenchymal 
small arteries, arterioles, capillaries and venules. Midium arteries and veins can, 
however, be affected to a much lower extent. The pathological cornerstones of the 
disease  are   necrotizing glomerulonephritis and  pulmonary capillaritis  . Based on the 
highly frequent (though not invariable) occurrence of serum anti-neutrophil cyto-
plasmic antibodies (ANCA)    that  MPA   shares  with   granulomatosis with polyangiitis 
(GPA, formerly Wegener’s disease)  and   eosinophilic granulomatosis with polyangi-
itis (EGPA, formerly  Churg-Strauss syndrome  ), these three diseases are collectively 
indicated with the term ANCA-associated  vasculitides   (AAV).  

10.2     Epidemiology 

  MPA   is a relative rare systemic vasculitis whose prevalence is variable in different 
geographic areas but is increasing worldwide following the growing use of methods 
for the detection  of   ANCAs. In a study carried out in Norwich (United Kingdom), 
the overall annual incidence of  MPA   and, by comparison, of GPA was 5.9/million 
and 11.3/million, respectively. In addition, while  GPA   followed a cyclical pattern of 
occurrence with a periodicity of 7.6 years, no defi nite evidence of periodicity was 
detected for  MPA  . The cyclical pattern of occurrence for GPA suggests an infec-
tious etiology and emphasizes its basic diversity from  MPA   [ 2 ]. Conversely, in spite 
of the substantial overlap in the incidence of  AAV   between Japan and the United 
Kingdom (UK),  MPA   was clearly prevalent in Japan (83 %), whereas  GPA   was 
more frequent in the UK (66 %) [ 3 ].  In more general terms ,  MPA   with myeloperoxi-
dase (MPO)-ANCA positivity is prevalent in Asian countries, whereas GPA with 
proteinase-3 (PR3)-ANCA positivity is prevalent in northern Europe and the United 
States [ 4 ].  

10.3     Pathophysiology 

 Initially lumped together with polyarteritis nodosa,  MPA   is indeed distinctly differ-
ent in terms of clinical manifestations and a high prevalence  of   ANCA that are 
instead consistently absent in patients with polyarteritis nodosa. As already men-
tioned above, no etiologic agent of  MPA   has so far been recognized. The necrotiz-
ing vasculitis that is the hallmark of the disease is characterized by the scarcity or 
the lack of immunoglobulin deposition along the vascular lesions, and this implies 
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that the formation of immune complexes is likely not involved in the pathogenesis 
of  MPA  . In addition, at variance from  GPA  , extravascular granulomatous infl amma-
tion is regularly absent. Instead, growing evidence indicates  that   ANCA reactivity, 
prevalently directed to  MPO  , supports the autoimmune nature of  MPA  , although the 
persistence of several undefi ned issues casts shadows on a full comprehension of its 
pathogenetic mechanism(s). The following points should be emphasized:

    (a)       MPO-ANCA account for 58–70 % of cases [ 5 ,  6 ];   
   (b)    approximately 1 out of 4  MPA   patients is Pr3-ANCA-positive  and   MPO-

ANCA- negative [ 7 ];   
   (c)    a small percentage of patients may also result ANCA-negative [ 8 ], although this 

may refl ect the lack of activity of the vasculitis process and/or the response to 
therapy. Furthermore, it should be kept in mind that the sensitivities and speci-
fi cities of the methods  for   ANCA detection were formerly signifi cantly differ-
ent among the various commercial kits [ 9 ,  10 ], especially before reaching 
consensus on the standard, computer-based indirect immunofl uorescence tech-
niques  and   ANCA “capture” or “anchor” ELISA procedures [ 11 ,  12 ]: a long 
way since ANCA were fi rst described in  segmental   necrotizing glomerulone-
phritis [ 13 ];   

   (d)     studying   pentraxin-3 (PTX3), a  novel   ANCA antigen that (similarly to  MPO   
and Pr3) is stored in human neutrophil granules and is expressed on apoptotic 
neutrophil surface, anti-PTX3 autoantibodies with a specifi c fl uorescence pat-
tern have been detected in 37.3 % of a cohort of 150  AAV   patients versus 5.3 % 
of healthy subjects (p < 0.001), including 7 of 14 patients who were both  MPO   
 and   PR3 ANCA-negative. The titers of anti-PTX3 antibodies are higher in 
patients with active  AAV   [ 14 ]. Incidentally, search for anti-PTX3 antibodies 
might become a novel, useful test when  MPO   and PR3 ANCAs are negative;   

   (e)    among the various  animal models   of  MPA  , those particularly suggestive of the 
pathogenicity  of   MPO-ANCA are described in chap.   2     of the present volume. 
Regardless of the different experimental procedures, the  animal models   consis-
tently point to the pathogenic effect  of   MPO-ANCAs that are able to  induce 
  necrotizing glomerulonephritis and  pulmonary capillaritis   [ 15 ,  16 ];   

   (f)     MPA   and  GPA   are genetically distinct subsets of  AAV  , the strongest genetic 
associations being with the antigenic specifi city of ANCA and not with the 
clinical syndrome [ 17 ]. It has also been reported that the three main  AAV   sub-
types are associated with distinct HLA variants, namely  GPA   with HLA-DP1, 
 MPA   with HLA-DQ and  EGPA   with  HLA-DRB4   [ 18 ].    

  Although these observations are to a large extent (though not univocally) consis-
tent with a clear-cut autoimmune pathogenetic picture, it seems reasonable to 
hypothesize that, based on the ability  of   MPO-ANCA and  PR3-ANCA   to activate 
neutrophils, reactive oxygen radicals would be produced which would cause neutro-
phil degranulation and release of lytic enzymes. When this process takes place on 
the surface of endothelial  cells  , leukocyte-endothelial interactions would be 
enhanced, and this would result in detachment and lysis of the endothelial layer, and 
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microvascular hemorrhage. Complement and effector T cells are also likely to be 
involved, but their role is still poorly defi ned [ 6 ,  19 ].  

10.4     Clinical Features 

 The clinical spectrum of  MPA   is strikingly heterogeneous and may range from clin-
ically mild renal and/or pulmonary signs and symptoms to rapidly progressing life- 
threatening renal-pulmonary vasculitis syndrome. There is an overwhelming 
literature on the clinical manifestations of  MPA   and more generally of  AAV  . For the 
sake of brevity, we refer to four comprehensive reviews [ 6 ,  20 – 22 ]. Usually,  MPA   

   Table 10.1    The spectrum of the most common clinical manifestations in microscopic polyangiitis 
[ 5 ,  6 ,  20 ]   

 Organ involvement 
 Rough % 
range  Clinical manifestations 

 Kidney  80–100  Asymptomatic proteinuria, microscopic hematuria, 
urinary casts 
 Idiopathic necrotizing and  crescentic 
glomerulonephritis   
  End-stage renal disease   

 Lung  25–80   Pulmonary capillaritis   with hemoptysis, dyspnea, 
cough, pleuritis 
 Interstitial pneumonia and pulmonary fi brosis 

 Skin  30–60   Palpable purpura   
  Livedo reticularis   
 Urticaria/angioedema 
 Skin ulcers 

 Gastrointestinal tract  30–50  Abdominal pain 
 Gastrointestinal hemorrhage 

 Cardiovascular system  10–25  Arterial hypertension 
 Congestive heart failure 
 Subclinical myocardial infarction 
 Pericarditis 

 Peripheral nervous system  20–60   Mononeuritis multiplex   
 Polyneuropathy 

 Central nervous system  15–30  Arachnoid hemorrhage 
 Pachymeningitis 
 Non-hemorrhagic cerebral infarction 

 Eye  10–20   Episcleritis  , scleritis 
  Iridocyclitis   with  hypopyon   
  Optic neuropathy   

 Ear/Nose/Throat  9–15  Sinusitis 
  Sensorineural hearing loss   
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begins with insidious constitutional symptoms such as weight loss, irregular fever, 
anorexia, and arthralgia/myalgia that may erroneously suggest polymyalgia rheu-
matica. Table  10.1  summarizes the clinical manifestations of  MPA   in a decreasing 
order of frequency, with the understanding that large variations may occur in their 
combination, severity and evolution, and that, given its nature of systemic vasculitis, 
potentially every organ can be involved.

    The so-called  pulmonary-renal vasculitis syndrome   (Fig.  10.1 ) deserves a spe-
cial mention for its severe clinical course that, if not promptly treated with an 
aggressive therapeutic approach and, if possible, with the patient hospitalization in 
an intensive care unit, may result rapidly fatal [ 23 ].  

10.5     Histopathology 

 Whenever possible, histopathological examination of bioptic samples should be 
performed to confi rm the clinical diagnosis and to differentiate  MPA   from the other 
two common  AAV   such as  GPA   and  EGPA  . All three conditions share the charac-
teristics of small vessel involvement and the necrotizing type of vasculitis. 

 In the most typical and severe  MPA  , renal biopsy shows  crescentic glomerulone-
phritis  . This fi nding is usually preceded by a stepwise pathological process which 
starts with patchy thrombosis of glomerular capillaries, then progresses to  fi brinoid 
necrosis  , discontinuation of  the   glomerular basement membrane, extracapillary pro-
liferation and fi nally crescent formation. Pulmonary lesions usually include capil-
laritis with  fi brinoid necrosis  , whereas  leukocytoclastic vasculitis   is diagnosed 
when skin biopsies are examined [ 5 ,  6 ].  

  Fig. 10.1    Severe “kidney-lung syndrome” in a patient with microscopic polyangiitis       
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10.6     Diagnostic and Prognostic Features 

 Clinical involvement of the kidney and/or the lung, but sometimes also of other 
organs and systems, can be diagnosed with variable frequency in all  AAV  , thus mak-
ing the differential diagnosis among them rather diffi cult on clinical grounds. In 
addition to the already mentioned focal  crescentic glomerulonephritis   and  pulmo-
nary capillaritis   on tissue biopsy specimens, useful diagnostic criteria of  MPA   
include the consistent absence of granulomatous infl ammation, the paucity or the 
lack of immune deposits and the detection of  p-ANCA   with  MPO   specifi city. It 
should, however, be considered that a minority of  MPA   patients may be  c-ANCA   
positive with PR3 specifi city, and an additional small group may test ANCA- 
negative, especially in clinically quiescent patients or in those with therapy-induced 
clinical and immunological remission.    Anti-glomerular basement membrane anti-
bodies are consistently absent. 

 In the absence of an early and suitable treatment, a severe prognosis can be antic-
ipated for  MPA   as well as for the other  AAV  , the mortality being approximately 
90 % at 1 year from diagnosis. The administration of the classical association of 
prednisone plus  cyclophosphamide  , and more recently of additional different com-
binations, has dramatically improved the prognosis. At 5 years, the overall survival 
rates are roughly 80 % even in patients with impaired renal function and  pulmonary 
capillaritis   [ 5 ]. Death within the fi rst year is more frequently caused by infection 
and rapidly progressing renal failure, whereas in the following years the major 
causes of death still include infection but may also be ascribed to cardiovascular 
diseases and the onset of tumors [ 7 ].  

10.7     Therapy 

 The fi rst demonstration by Fauci and Wolff [ 24 ] of the strikingly effective results 
achieved with the association prednisone plus  cyclophosphamide   in patients with 
the previously termed Wegener’s  granulomatosis   has marked a turning point in the 
therapy of  AAV  . For many years, this combination has indeed been considered the 
therapeutic gold standard for  AAV  . In the last several years, however, a number of 
drugs, given singly or in variable associations, have been proposed in the induction 
and maintenance of remission as well as in the treatment of relapses. Several rea-
sons may account for the growing number of different therapeutic regimens: (a) 
given the large spectrum of clinical manifestations of  AAV   with variable grading of 
disease severity, it is reasonable to avoid aggressive induction treatments in patients 
with clinically limited forms of  MPA  ; (b) unnecessary immunosuppression would 
result in higher toxicity and potential complications, especially in elderly, polypatho-
logic patients; (c) conversely, large multicenter studies have shown that a small 
minority of patients are poorly responsive or refractory to current, established treat-
ments and would therefore require newly conceived regimens; (d) although 
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    Table 10.2    An incomplete list of the therapeutic regimens that have been used in patients with 
 MPA   [ 5 ,  6 ,  20 ,  25 ,  26 ]   

 Regimen  Indication  References 

 Remission induction (6–9 months) 
 Corticosteroids alone  Clinically mild disease and lack of poor-prognosis 

factors. A higher relapse rate can be expected 
 [ 27 ] 

 Corticosteroids plus 
 cyclophosphamide  , oral or 
pulse 

 Conventional, gold standard for the large majority 
of patients 

 [ 28 ] 

 Corticosteroids plus 
 methotrexate   

 Because of  methotrexate   tubular toxicity, this 
regimen should not be used in renal forms of  MPA   

 [ 29 ] 

  Plasma exchange    To improve renal function in patients with 
 crescentic glomerulonephritis  , and possibly in 
patients with major alveolar hemorrhage 

 [ 30 ] 

 Anti-tumor necrosis 
factor-alpha agents 
( Infl iximab   or  etanercept   
or  adalimumab  ), in 
combination with 
conventional therapy 

 To treat patients with refractory disease. Treatment 
should be administered for a few weeks only, given 
the risk of serious complications. If possible, the 
use of these agents should be avoided. 

 [ 31 ] 

  Rituximab   (anti-CD20 
monoclonal antibody) 

 Highly effective and well tolerated in patients 
poorly responsive or unresponsive to conventional 
therapy 

 [ 32 ] 

  Alemtuzumab    Selectively depletes circulating T cells, monocytes 
and macrophages. Relapses and adverse events are 
common 

 [ 33 ] 

  Tocilizumab    The evidence for its clinical effi cacy is so far 
circumstantial, although serum IL-6 levels are 
frequently elevated in  AAV   

 [ 34 ] 

 Remission maintenance (18–24 months) 
  Azathioprine   or 
 methotrexate   

 Add trimethoprim/sulfamethoxazole or aerosolized 
pentamidine to prevent Pneumocystis jiroveci 
pneumonia 

 [ 35 ] 

 Mycophenolate  mofetil    Only in patients with  azathioprine   and/or 
 methotrexate   intolerance or side effects 

 [ 36 ] 

  Rituximab    It is a better maintenance therapy than  azathioprine   
in patients with severe, refractory disease 

 [ 37 ] 

  Belimumab    In combination with  azathioprine  . Trial is under 
way 

 [ 26 ] 

 Relapse (length variable) 
 Corticosteroids plus 
 cyclophosphamide   

 Usually the conventional induction regimen is also 
effective in relapsing patients, but different 
regimens may be useful in refractory patients. 
However, so far their standardization has not been 
established 

 [ 20 ] 

 Intravenous 
immunoglobulins, alone or 
in addition to conventional 
therapy 

 In patients experiencing relapse during or after 
treatment or with persistently active (refractory) 
disease. Renal insuffi ciency is a contraindication. 

 [ 38 ] 
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receiving maintenance immunosuppression, a signifi cant percentage of patients 
experience relapse of their disease, that not necessarily appears responsive to the 
previously administered regimens. 

 In Table  10.2  we have reported the main therapeutic protocols and biological 
drugs that have been used in patients with  MPA   and more generally with  AAV  , with 
the warning that only a few of these protocols have been the object of controlled 
clinical trials, and that individually tailoring, recommended regimens aimed at max-
imizing effi cacy, avoid overtreatment and thus minimizing toxicity may only derive 
from international, multi-center, collaborative studies. Many of the regimens 
reported in Table  10.2  have indeed been studied in small uncontrolled trials. For the 
sake of simplicity, the table does not include the doses of the various drugs, that can 
be found in the reference mentioned for each regimen. 
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    Chapter 11   
 Granulomatosis with Polyangiitis (Wegener’s)                     

     Franco     Dammacco     ,     Sebastiano     Cicco    ,     Domenico     Ribatti    , and     Angelo     Vacca   

    Abstract     Granulomatosis with polyangiitis (GPA) is a relatively rare necrotizing 
vasculitis belonging to the so-called ANCA-associated vasculitides, in that circulat-
ing anti-proteinase-3 neutrophil cytoplasmic antibodies (c-ANCA) can be detected 
in the large majority of patients. The major clinical manifestations include necrotiz-
ing granulomatous lesions in the upper and/or lower respiratory tract, and glomeru-
lonephritis. Although generalized necrotizing vasculitis involving both arteries and 
veins is a frequent indication of its systemic character, limited forms restricted to 
paranasal sinuses can also be observed. In the absence of suitable therapies, the 
disease can lead to death in a high percentage of patients. The introduction of glu-
cocorticoids associated to cyclophosphamide has marked a milestone in the treat-
ment of GPA. This combination has in fact been able to remarkably improve the 
previously ominous prognosis of these patients, resulting in a 10-years’ survival rate 
of approximately 75 %. More recently, additional immunosuppressive drugs such as 
azathioprine, methotrexate, and rituximab have been employed, with comparable or 
even better results.  

  Keywords     ANCA   •   Cyclophosphamide   •   Glomerulonephritis   •   Granulomatosis   • 
  Necrotizing vasculitis   •   Pulmonary infi ltration  

11.1       Defi nition and Epidemiology 

   Granulomatosis with polyangiitis (GPA)  , formerly named Wegener’s  granulomato-
sis  , is a systemic, necrotizing vasculitis characterized by the involvement of the 
upper and lower respiratory tract, often associated  with   pauci-immune 
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glomerulonephritis. It is histologically characterized by granulomas within the 
medium and small vessel wall [ 1 ]. It is associated to the presence of antineutrophil 
cytoplasmic antibodies ( ANCA  ), with a cytoplasmic staining pattern against pro-
teinase-3 (   PR3,  c-ANCA  ) [ 2 ].

   GPA is a rare disease with an estimated prevalence of 22–34 cases per million 
inhabitants [ 3 ,  4 ] and an incidence rate of 4–9 cases per million/year [ 4 – 6 ], with a 
higher incidence in Northern Europe. Mean age at diagnosis is between 50 and 65 
years [ 4 ,  6 ], and males and females are equally affected. GPA is the most common of 
the pulmonary granulomatous vasculitides, involves the upper respiratory tract (e.g., 
sinuses, ears, nasopharynx, oropharynx, trachea), the lower respiratory tract (bronchi 
and lung), and the kidney, with varying degrees of disseminated vasculitis. 

 Although fi rst described by Klinger in 1931 [ 7 ], GPA was established as a dis-
tinct clinico-pathologic entity by Wegener 5 years later [ 8 ]. The classic criteria for 
the diagnosis of GPA, described by Godman and Churg in 1954 [ 9 ], include the 
following triad features: (a) necrotizing granulomatous lesions in the upper and/or 
lower respiratory tract; (b) generalized necrotizing vasculitis involving both arteries 
and veins; (c) glomerulitis. Following the nomenclature system for Wegener’s  gran-
ulomatosis   and other idiopathic vasculitides initially proposed by  the   Chapel Hill 
Consensus Conference in 1994 [ 10 ], the revised International Chapel Hill Consensus 
Conference Nomenclature of Vasculitides of 2012 [ 1 ] proposed a name change 
from “Wegener’s  granulomatosis  ” to “granulomatosis with polyangiitis (Wegener)”, 
which is now accepted worldwide and has received the endorsement of the American 
College of Rheumatology, the American Society of Nephrology, and the European 
League Against Rheumatism. 

 The two distinguishing histopathologic features of the disease, namely the gran-
uloma formation and the vasculitis process, obviously suggest that a hypersensitiv-
ity response plays an important role in the onset of the disease. However, so far no 
triggering or inciting antigen or pathogen has been identifi ed. The discovery of 
 ANCA   [ 11 ] showed that pathogenic antibodies could be directly involved in the 
vasculitic process of GPA. 

 Under the effect of an unknown antigen and following the production of the 
tumor necrosis factor-alpha (TNFα) and  interleukin-1beta (IL1β)  , neutrophils 
 express   PR3 on their surface, leading to the production of anti-PR3 antibodies, fol-
lowed by leukocyte and monocyte adhesion to the vessel wall via  adhesion mole-
cules  . The pathogenesis of GPA possibly involves the failure of alpha-1 antitrypsin 
(AAT), which  in vivo  is the primary inhibitor  of   PR3. Patients that have an AAT 
defi ciency are at increased risk for GPA, suggesting a role for the increased pres-
ence  of   PR3 at infl ammatory sites ([ 12 ]. The interaction of  PR3-ANCA   with 
 TNF- α- primed mononuclear cells stimulates IL-8 release by cross-linking Fc 
gamma receptors (FcγR)  and   PR3 expressed on the monocyte cell surface ([ 13 ]. 
Moreover, these autoantibodies induce the release of monocyte chemoattractant 
protein-1 from mononuclear cells [ 14 ]. 

 Under the infl uence of cytokines and  ANCA  , reactive oxygen  species   (ROS) are 
released and contribute to the aggression of the vessel wall.  ANCA   also directly 
attack the vessels  while   PR3 (Wegener’s autoantigen) participates in these phenom-
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ena. Autoimmune response  to   PR3 plays a central role in disease development, 
according to  in vitro  and  in vivo  experimental data [ 15 ]. Immune complexes have 
been identifi ed in serum [ 16 ] and skin [ 17 ] of patients with GPA, whereas these 
fi ndings are generally absent in involved lung or renal tissues [ 18 ]. 

 When granuloma formation occurs, lymphocytes and follicular dendritic cells 
form germinal center-like structures within the infl ammatory lesions of granuloma-
tous tissues. These follicular structures provide a microenvironment for the devel-
opment of auto-reactive B cells. A large variability in the respective preponderance 
of the granulomatous or vasculitic features can be observed, depending on the stage 
of the disease.  

11.2     Clinical Features 

 Constitutional signs (fever, asthenia and weight loss) are present in about 50 % of 
the patients [ 19 ]. In addition, ear, nose and throat (ENT) signs and symptoms occur 
in virtually all patients [ 20 ,  21 ], including crusting, rhinorrhea, sinusitis, nasal pain 
and chronic otitis media. Erosions of the facial cartilages may lead to perforation of 
the palate and/or pinna of the ear. When the nasal septum is involved, a relatively 
frequent outcome is nasal bridge collapse and a “   saddle-nose” deformity. Sinusitis 
remains the most common hallmark of the disease and usually results in nasal 
obstruction, stuffi ness, and hypo- or anosmia that are often the opening symptom-
atology. Localized forms of GPA may be characterized by ENT involvement only. 
When a hearing loss occurs, it is usually due to a Eustachian tube dysfunction sec-
ondary to naso-pharyngeal disease. In addition, inner ear disease can be associated 
to a sensorineural impairment and/or to a  vestibular dysfunction   [ 20 ]. 

 The lower respiratory tract is involved in about 80 % of the patients. Hoarseness, 
cough, wheezing and stridor are symptoms of subglottic stenosis, a potentially fatal 
complication that is often asymptomatic in the initial phase of the disease and can 
affect roughly 15–20 % of the patients. The most common manifestations of lung 
involvement include alveolar hemorrhage of variable entity (from small to massive 
quantities, that may even lead to fulminant respiratory failure), pulmonary infi ltrates 
and/or single or multiple parenchymal nodules which can undergo excavation. These 
signs can sometimes be misdiagnosed as mycobacterial or fungal infections [ 21 ]. 

 In the systemic forms of GPA renal involvement can be detected in 50–100 % of 
the patients. The usual fi nding is glomerulonephritis with segmental necrosis, 
 associated to extra-capillary proliferation and pauci-immune crescent formation. 
Kidney disease has a negative impact on the prognosis, the glomerular fi ltration rate 
(GFR) at diagnosis and the number of normal glomeruli at the renal biopsy being 
independent prognostic factors. The appearance of hematuria or proteinuria, and/or 
a signifi cant increase in serum creatinine need an immediate evaluation and a 
prompt treatment. Additional urogenital manifestations (renal pseudotumor, prosta-
titis, orchitis, epididymitis, uretral stenosis or penis ulceration) have sometimes 
been described, but are rare complications [ 22 ]. 
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 Mucocutaneous manifestations are reported in about 50 % of patients as ulcerat-
ing, necrotizing lesions or widespread vascular purpura. Papules, subcutaneous 
nodules, raspberry-red gengivitis, and intraoral and/or genital ulcerations can less 
frequently be observed [ 19 ,  23 ,  24 ]. 

 An ocular involvement is described in about half of the patients, usually in the 
form of scleritis or  episcleritis  , ranging in severity from an infl ammatory process to 
a necrotizing disease that may even lead to blindness [ 25 ]. Other manifestations 
such as conjunctivitis, keratitis,  uveitis  , and nasolacrimal duct obstruction have 
been reported with variable frequency. Although of rare occurrence, the involve-
ment of the eye socket is suggestive for GPA, especially if a granulomatous retro- 
orbital pseudo-tumor infi ltration or a dacryoadenitis develop, clinically appearing 
as exophthalmos or ophthalmoplegia [ 25 ]. 

 While peripheral neuropathy (sensorial and/or motor) occurs in about 30 % of 
patients, pachymeningitis is the most important involvement of central nervous sys-
tem, is more rare (5–10 %), and can be caused by granulomatous deposits, intrace-
rebral vascular lesions or an extension of sinus lesions. 

 Cardiovascular (conduction disorders, pericarditis or myocarditis ranging from 
subclinical manifestations to end-stage heart failure) [ 26 ] and gastrointestinal 
(ulcerative lesions as well as intestinal perforation) systems are quite unusual but 
possible targets in GPA.  

11.3     Diagnostic Criteria and Follow-up 

 In 1990 the American College of Rheumatologists proposed four diagnostic crite-
ria, of which at least two are needed for the diagnosis, with the aim of including 
homogeneous adult populations in research studies (Table  11.1A ) [ 27 ]. In 2007 
some surrogate diagnostic parameters were suggested [ 28 ] and in 2010 the European 
League Against Rheumatism worked out classifi cation criteria for childhood GPA 
(Table  11.1B ) [ 29 ]. The already mentioned  2012   Chapel Hill Consensus Conference 
[ 1 ] defi ned GPA as a necrotizing granulomatous infl ammation of the upper and 
lower respiratory tract affecting small and medium vessel walls. According to this 
defi nition, glomerulonephritis is not necessary for the diagnosis, in spite of its rela-
tively frequent occurrence. Moreover, this classifi cation specifi es that granulomas 
do not need to be confi rmed histologically, but can be predicted by non-invasive 
techniques. The diagnosis can in fact be postulated by the combination of peculiar 
clinical features with the presence of PR3-cANCA [ 2 ]. However, histological fi nd-
ings (especially the results of renal biopsy) maintain a remarkable importance for 
both their diagnostic and prognostic implications.

   Patients with suspected GPA should be evaluated by a combination of instrumen-
tal and laboratory fi ndings. Complete blood count, creatinine, BUN, serum electro-
lytes, serum proteins with electrophoresis, erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) are mandatory tests in these patients. Increase of ESR, 
CRP and α2-globulins is obviously indicative of active disease. Urinalysis and 
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24 h-proteinuria are useful to evaluate the kidney function. Approximately 90 % of 
GPA patients are positive  for   PR3  c-ANCA  , whereas an MPO  p-ANCA   test is 
 positive in about 5–10 %. Although  ANCA   titers are not related to disease activity, 
the reappearance of  ANCA   positivity in a previously negative patient usually pre-
cedes the clinical fl are. Infections by fungi and Mycobacterium tuberculosis should 
be excluded before treatment. 

 Conventional chest and nasal-sinus X-ray is the fi rst instrumental test to be per-
formed in GPA: nasal sinuses obstruction and single/multiple nodules are the most 
common fi ndings. CT scan is needed to better defi ne the extension of infl ammatory 
tissue (Fig.  11.1 ). Endoscopy of nose and larynx should be performed to exclude 

  Fig. 11.1    Computed tomography scan of the thorax of a patient with granulomatosis with polyan-
giitis. Extensive infi ltrates of the upper lobe of the left lung can be seen, in addition to ground-glass 
areas. Sub-pleural infi ltrates also involve the right lung       
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    Table 11.1    Diagnostic criteria of granulomatosis with polyangiitis (GPA)   

 (A) In adults according to the American College of Rheumatology [ 27 ,  28 ] 

 Nasal or oral infl ammation  Painful or painless oral ulcers or purulent or bloody nasal 
discharge 

 Abnormal chest radiograph  Nodules, fi xed infi ltrates, or cavities 
 Urinary sediment  Microhematuria or red cell casts 
 Granulomatous 
infl ammation 

 Within the wall of an artery or in the perivascular area on biopsy 
specimens 

 Surrogate parameters 
 Glomerulonephritis  Hematuria associated with red cell casts or ~10% dysmorphic 

erythrocytes or 2+ hematuria and 2+ proteinuria on urinalysis 
 Lower airways 
 Upper airways  X-ray: fi xed pulmonary infi ltrates/nodules/cavitations for >1 

month 
 Bronchial stenosis 
 Bloody nasal discharge and crusting for >1 month, or nasal 
ulceration 
 Chronic sinusitis, otitis media or mastoiditis for >3 months 
 Retro-orbital mass or infl ammation (pseudotumor) 
 Subglottic stenosis 
 Saddle nose deformity/destructive sino-nasal disease 

 Diagnosis of GPA: at least 2 criteria (sensitivity 88.2%; specifi city 92%) 
 Only one surrogate marker is necessary to support a diagnosis of GPA 

 (B) In childhood according to the European League Against Rheumatism (EULAR) [ 29 ] 

 Histopathology  Granulomatous infl ammation within the wall of an artery or in the 
perivascular or extravascular area 

 Upper airway involvement  Chronic purulent or bloody nasal discharge or recurrent epistaxis/
crusts/granulomata 
 Nasal septum perforation or saddle nose deformity 
 Chronic or recurrent sinus infl ammation 

 Laryngo-tracheo-bronchial 
involvement 

 Subglottic, tracheal or bronchial stenoses 

 Pulmonary involvement  Chest X-ray or CT showing the presence of nodules, cavities or 
fi xed infi ltrates 

 ANCA  ANCA positivity by immunofl uorescence or by ELISA (PR3/c or 
MPO/p) 

 Renal involvement  Proteinuria >0.3 g/24 h or >30 mmol/mg of urine 
 Albumin/creatinine ratio on a spot morning sample 
 Hematuria or red blood cell casts: >5 red blood cells/high power 
fi eld or red blood cell casts in the urinary sediment or ≥2+ on 
dipstick 
 Necrotizing pauci-immune glomerulonephritis 

 GPA is diagnosed when at least three criteria are present (sensitivity 93.3%; specifi city 99.2%) 
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nasal septum erosions and to obtain histological specimens. Ultrasound echography 
is the best way to study kidney morphology and to guide a renal biopsy. Heart ultra-
sound and brain or abdomen CT scan are advisable when the involvement of the 
respective organs is suspected. 

 In addition to the already mentioned fungal and mycobacterial infections, other 
types of ANCA-associated  vasculitides   and  Goodpasture’s syndrome   should be 
considered in the differential diagnosis (Table  11.2 ). Furthermore, the extent of dis-
ease activity should be assessed using an activity index (i.e. the widely used 
Birmingham Vasculitis Activity  Score   applied to GPA and indicated with the acro-
nym BVAS/WG [ 30 ]) to perform a quantitative analysis that can be repeated in the 
course of the patient’s follow-up.

11.4        Treatment 

 Until the 1950s GPA was an almost regularly fatal disease, only 10 % of the patients 
reaching a 2-years survival. Following the introduction of  cyclophosphamide   
(CTX) and corticosteroids as the standard treatment [ 31 ], patients now experience a 

   Table 11.2    Diseases to be considered in the differential diagnosis of granulomatosis with 
polyangiitis   

 Infections  Meningococcal sepsis 
 Legionella pneumonia 
 Lyme’s disease 
 Leptospirosis 
 Tuberculosis 
 Bacterial endocarditis 
 Mycotic aneurysms 
 Hemolytic-uremic syndrome 

 Autoimmune diseases  Systemic lupus erythematosus 
 Rheumatoid arthritis 
 Anti-phospholipid syndrome 
 Sjögren’s syndrome 
 Cryoglobulinemic vasculitis 
 Other ANCA vasculitides 
 Goodpasture’s disease 
 Polyarteritis nodosa 
 [Sarcoidosis] a  

 Neoplastic diseases  Lymphoma/leukemia 
 Paraneoplastic syndromes 

 Other  Thrombotic thrombocytopenic purpura 

   a The insertion of sarcoidosis among autoimmune diseases is questionable.  
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1 year survival of 93 % and a 5-years and 10-years survival of 79 % and 75 % 
respectively [ 32 ]. 

 Treatment must be personalized for each patient, according to disease severity 
and co-morbidities, in order to avoid either an excessive treatment that is associated 
with a signifi cant risk of adverse events or side effects, or an insuffi cient treatment 
with a risk of failure and disease progression. 

 The therapeutic approach to GPA is divided into two phases: (a) “induction 
phase”, that aims to achieve a disease remission in about 3–6 months, according to 
the clinical response; (b) “maintenance phase”, that points to consolidate the dis-
ease control and reduce the risk of relapse. The maintenance phase lasts 18–24 
months after the achievement of remission [ 33 ]. 

 Steroids are the main drugs used in the induction phase. In limited GPA, oral 
prednisone at a daily starting dose of 1 mg/kg is the recommended treatment. After 
about 1 month, steroids should be gradually tapered to achieve a steroid-free treat-
ment by 18–24 months. In severe or refractory disease (kidney involvement or  hem-
orrhagic alveolitis  ), an intravenous bolus of methylprednisolone at 7.5–15 mg/kg/
day should be given for 1–3 consecutive days before starting the full dose oral 
prednisone. 

 Immunosuppressive drugs are needed in the induction phase to achieve the 
remission (BVAS = 0).  Azathioprine   (AZA, 1–2 mg/kg/day) or  methotrexate   (MTX, 
15–25 mg/week) are preferred options. These drugs may also be useful in the main-
tenance phase as steroid-sparing agents [ 34 ]. 

 In severe disease, CTX remains the milestone. It must be given at 2 mg/kg/day 
for a maximum of 3–6 months, and then switched to AZA for maintenance. More 
recently, the monoclonal antibody  Rituximab   (RTX) has been found to be as effec-
tive as CTX to obtain a steroid-free remission. RTX is applied at the weekly dose of 
375 mg/m 2  for 4 weeks [ 35 ] and its effi cacy has also been shown in patients with 
kidney involvement [ 36 ,  37 ]. Additional evidence indicates that RTX may be useful 
in the maintenance phase as well: after achieving remission, RTX (500 mg on days 
+1, +15, and on months +6, +12, and +18) is more effective than AZA (2 mg/kg/
day), resulting in a low risk of relapse at 44 months [ 38 ]. 

 In life-threatening GPA or in patients admitted to intensive care units (especially 
those in ventilation therapy) intravenous boluses of CTX should be promptly admin-
istered. Doses of 600 mg/m 2  to a maximum of 1.2 g/day on days +1, +15, +30, fol-
lowed by 700 mg/m 2  every three weeks for a maximum of 6–9 boluses are 
remarkably effective to control the disease activity [ 39 ]. Finally,  plasma exchange   
can be considered as an additional treatment option in patients with severe and rap-
idly progressing GPA.      
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    Chapter 12   
 Eosinophilic Granulomatosis with Polyangiitis 
(Churg-Straus Syndrome)                     

     Renato     Alberto     Sinico      and     Paolo     Bottero   

    Abstract     Eosinophilic Granulomatosis with Polyangiitis (EGPA) is defi ned as an 
eosinophil-rich and granulomatous infl ammation involving the respiratory tract, 
and necrotizing vasculitis affecting small to medium-sized vessels, and associated 
with asthma and eosinophilia. It is usually classifi ed among the so-called anti- 
neutrophil antibody (ANCA)-associated systemic vasculitides (AASVs) because of 
its clinical and pathologic features that overlap with those of the other AASVs. 
However, recent studies on large cohorts of patients have found that ANCA, usually 
P-ANCA/MPO-ANCA, were present in less than 40 % of patients. Moreover, 
ANCA status was shown to segregate with clinical phenotype. Preliminary results 
suggest that ANCA-positive and ANCA-negative patients also might have a differ-
ent genetic background. Corticosteroids remain the cornerstone of the initial treat-
ment of EGPA. The addition of cyclophosphamide is indicated in patients with 
poor-prognosis factors or in patients without poor-prognosis factors that relapse 
early. How long should maintenance therapy be continued remains to be estab-
lished. However, the vast majority of patients require long-term corticosteroids 
treatment to control asthma.  

  Keywords     Churg-Strauss syndrome   •   Eosinophilic granulomatosis with polyangi-
itis (EGPA)   •   Asthma   •   Eosinophilia   •   Anti-neutrophil cytoplasmic antibody 
(ANCA)   •   Vasculitis   •   ANCA-associated vasculitis  
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12.1       Introduction 

   Eosinophilic Granulomatosis with  Polyangiitis  ,  EGPA  , (formerly known as  Churg- 
Strauss Syndrome  , from the names of the pathologists who fi rst described the syn-
drome in 1951) is defi ned as an eosinophil-rich and granulomatous infl ammation 
involving the respiratory tract, with necrotizing vasculitis affecting small to 
medium-sized vessels, and associated with asthma and eosinophilia [ 1 ,  2 ]. EGPA is 
a rare disorder affecting 1.3 and 6.8 cases per 1,000,000 people per year and with an 
overall prevalence of 10.7–13 per 1,000,000 adults [ 3 – 5 ]. 

 EGPA is considered one of the so-called anti-neutrophil cytoplasmic antibody 
( ANCA  ) associated systemic vasculitis because of its clinical and pathologic fea-
tures that overlap with those of the other anti-neutrophil cytoplasmic antibody- 
associated vasculitis (AASV),  Wegener’s granulomatosis (WG)    and   microscopic 
polyangiitis (MPA) [ 2 ,  5 – 8 ], although the prevalence of ANCA in EGPA is much 
lower (about 40 % of patients) [ 9 ,  10 ].  

12.2     Clinical Features 

 Usually, three different phases can be distinguished in EGPA [ 11 ]. A prodromal 
phase with asthma and rhino-sinusitis/nasal polyposis [ 12 ], that may precede by 
months, and sometimes by several years, the development of an eosinophilic infi l-
trative disease with eosinophilic pneumonia or gastro-enteritis, followed by the vas-
culitic phase [ 11 – 18 ]. Mean age at diagnosis is around 50 years with no gender 
prevalence. 

 Constitutional symptoms such as fever, myalgias, arthralgias and weight loss are 
common whereas asthma may be silent at vasculitic onset. 

  Pulmonary.  Non-fi xed pulmonary infi ltrates are seen in most patients. Pleural 
effusions with a large number of eosinophils occur in 22 % of cases [ 10 ] and rarely 
cavitating parenchymal nodules may occur [ 9 ,  16 – 19 ]. Alveolar haemorrhage is not 
common but [ 20 ] can be severe and massive [ 9 ,  10 ]. 

  Extra pulmonary.  Skin, peripheral nerves, gastrointestinal tract, heart and kidney 
may be involved. 

 Peripheral nerves (65–76 %), with lung (51–65 %), and skin (52–57 %) are the 
most frequently involved organ/systems [ 9 ,  10 ,  20 ].  Mononeuritis multiplex   is the 
usual sign of peripheral nervous system involvement but symmetrical peripheral 
neuropathy can be seen [ 14 – 18 ]. Skin involvement may include rash,  palpable pur-
pura   (Fig.  12.1 ), infarction, and nodules [ 14 ,  16 ,  21 – 23 ]. Heart involvement has 
been documented in 16–50 % of cases and includes myocarditis,  coronary vasculi-
tis  , valvular heart abnormalities, congestive heart failure, and pericarditis [ 9 ,  10 , 
 14 – 19 ].  Coronary vasculitis   and myocarditis are the main causes of morbidity and 
mortality. Moreover, venous thrombo-embolic events such as deep venous thrombo-
sis and/or pulmonary embolism can occur with relatively high frequency (8 %) [ 24 ]. 
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Abdominal pain, ascites, diarrhea, even bloody, are present in 22–32 % of cases as 
signs of gastrointestinal involvement. Eosinophilic gastroenteritis and  mesenteric 
vasculitis   are the main pathological pictures but pancreatitis and cholecystitis have 
also been reported [ 14 – 18 ]. Kidney is affected in about 25 % of patients [ 25 ]. The 
main picture is necrotizing  crescentic glomerulonephritis   (Fig.  12.2 ) but other forms 
of nephropathy may also occur such as eosinophilic tubulo-interstitial nephritis 
(Fig.  12.3 ), focal mesangial proliferative glomerulonephritis, and focal segmental 
glomerulosclerosis [ 25 ]. Obstructive uropathy caused by vasculitis and/or granulo-
matous infl ammation of the ureter or prostate may be present [ 25 ]. Central nervous 
system (CNS) involvement is not frequent (9–14 %) but it can have a great impact 
on mortality and morbidity [ 1 ,  7 – 18 ] because include palsies of the cranial nerves, 
cerebral hemorrhage or infarction.

  Fig. 12.1    Purpura in a 
patient with Eosinophilic 
Granulomatosis with 
Polyangiitis ( EGPA  )       

  Fig. 12.2    Necrotizing 
 crescentic 
glomerulonephritis   in a 
patient with Eosinophilic 
Granulomatosis with 
Polyangiitis (EGPA)       
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12.3          Laboratory, Immunological Findings and Pathology 

 Most patients show blood eosinophilia (more than 1500 cells/mm 3  or more than 10 
%), but eosinophils count can be normal in patients previously treated with systemic 
 glucocorticoids   for asthma [ 9 ,  11 ,  13 ].  ANCA   (usually  P-ANCA   with specifi city for 
myeloperoxidase) are present in less than 40 % of patients [ 9 ,  10 ]. Serum creatinine 
may be increased when kidney is involved and can represent a negative prognostic 
factor [ 26 ]. Total immunoglobulins E are often elevated but evidence of allergy, 
considered as the demonstration of specifi c IgE consistent with the clinical history, 
is rarely found [ 12 ]. Serum immunoglobulins G4 can be elevated during active 
EGPA and correlate with the number of disease manifestations and  the   Birmingham 
Vasculitis Activity Score (BVAS) [ 27 ]. Apart from  ANCA  , several other biomark-
ers have been proposed to differentiate EGPA from other diseases. CCL17,  eotaxin-1   
and IL-5 levels cannot differentiate EGPA from other hypereosinophilic diseases, 
but eotaxin-3 and IL-25 levels might be increased in EGPA only [ 28 ]. 

 A signifi cant prevalence of  HLA-DRB4   gene is present in EGPA patients mainly 
in those  ANCA   positive [ 29 ,  30 ]. 

 The presence of extravascular granulomas in association with necrosis and pre-
dominant extravascular eosinophils, as well as necrotizing vasculitis are the patho-
logical fi ndings [ 1 ,  2 ] but all of these lesions are rarely found together in biopsy 
specimens [ 11 ,  16 – 18 ].  

  Fig. 12.3    Eosinophilic 
tubulo-interstitial nephritis 
in a patient with 
Eosinophilic 
Granulomatosis with 
Polyangiitis (EGPA) 
(Courtesy of Dr. 
G. Gregorini, Brescia, 
Italy)       
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12.4     Triggers 

 Various possible triggers have been reported in the development of EGPA: infec-
tions, vaccinations, allergic hyposensitizations and drugs, mainly  leukotriene- 
receptors antagonists (LTRA)  , even if, in spite of the number of case reports, it is 
not possible to determine in individual cases whether the association between EGPA 
 and   LTRA therapy is causal, coincidental or directly related to other patterns of 
disease presentation or medication use [ 31 ].  

12.5     Subgrouping EGPA Patients by  ANCA   Status 

 In 2005 two independent studies [ 9 ,  10 ] suggested that EGPA might include two 
clinical subsets: an ANCA-positive phenotype associated with a higher frequency 
of renal involvement, peripheral neuropathy, alveolar hemorrhage and purpura, and 
an ANCA-negative phenotype associated with heart and lung disease (other than 
alveolar hemorrhage). Vasculitis was documented less frequently in histological 
specimens from ANCA-negative patients in comparison with ANCA-positive ones. 
These fi ndings have led to postulate the predominance of distinct pathogenetic 
mechanisms in the two subsets of patients: an ANCA-mediated process in ANCA- 
positive patients and tissue infi ltration by eosinophils with subsequent release of 
toxic product in ANCA-negative cases. Similar conclusions have been reported in a 
larger survey more recently [ 32 ].  

12.6     Diagnosis and Classifi cation 

 Diagnosis of EGPA may be diffi cult for the phasic nature of the disease, the absence 
of specifi c symptoms and signs, the possibility of “formes frustes” [ 33 ] in which the 
clinical manifestations and histological fi ndings may be partially or totally sup-
pressed by corticosteroid therapy for asthma. Therefore, classifi cation criteria have 
been used as diagnostic surrogates. Churg and Strauss originally described 13 asth-
matic patients with blood and tissue eosinophilia, necrotizing vasculitis, and necro-
tizing granulomas centred on necrotic eosinophils [ 1 ], but all these pathological 
criteria are present in a minority of patients. In 1984 Lanham et al. [ 11 ] suggested 
that diagnosis could be made on clinical ground in patients with history of asthma, 
eosinophilia higher than 1500 cells/mm 3  and clinical/histological vasculitis 
 involving two or more extrapulmonary organs. Asthma, eosinophilia greater than 
10 % on differential white blood cell count, mononeuropathy (including multiplex) 
or polyneuropathy, migratory or transient pulmonary infi ltrates, paranasal sinus 
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 abnormality, biopsy containing a blood vessel with extravascular eosinophils were 
proposed as 6 criteria for classifying CSS, with 4 being necessary for diagnosis, 
with a sensitivity of 85 % and a specifi city of 99.7 %, by the American College of 
Rheumatology (ACR) in 1990 [ 34 ]. The ACR criteria have been used widely as 
diagnostic surrogates even if it is important to underline that these criteria, in the 
absence of histologically or clinically proven vasculitis, are insensitive and poorly 
specifi c [ 15 ] because 4 criteria for the diagnosis of CSS can be fi tted by other dis-
eases [ 9 ,  34 – 36 ]. In 2007 a stepwise algorithm was developed and validated for the 
classifi cation of patients with a clinical diagnosis of ANCA-associated vasculitis 
 and   polyarteritis nodosa in which EGPA could be diagnosed if the ACR and/or  the 
  Lanham criteria are fulfi lled in a patient with either histological proof of vasculitis 
or surrogate markers for vasculitis [ 37 ]. In the same year, diagnostic criteria for 
AASVs, including EGPA, have been elaborated by the Japanese Research Group of 
Intractable Vasculitis, but they have not yet been validated and compared with ACR 
 and   Lanham criteria in the English Literature [ 38 ].  

12.7     Differential Diagnosis 

 A number of different diseases can share several clinical and/or histological features 
of EGPA such as other forms of AASVs (   microscopic polyangiitis and Wegener’s 
 granulomatosis  ), in which however, asthma and eosinophilia (especially higher than 
1500 cells/mm 3 ) are not usually present [ 2 ,  7 ,  38 ]. Also in idiopathic  hypereosino-
philic syndrome (HES)  , defi ned as a sustained peripheral blood eosinophilia of 
unknown origin, exceeding 1500 cells/mm 3  for more than six consecutive months 
[ 39 ] the organs involved are similar and cardiac disease is the major cause of death 
in both. However, asthma is usually absent in this condition and signs of vasculitis 
are not found on biopsy specimens. The diagnosis of  HES   will be facilitated by the 
use of molecular biology techniques since specifi c mutations have been identifi ed in 
some subsets of this syndrome [ 40 ]. Asthma, eosinophilia, sinusitis and lung infi l-
trates are usually present in allergic bronchopulmonary aspergillosis and chronic 
eosinophilic pneumonia, but they lack the extrapulmonary involvement [ 35 ,  36 ,  41 ]. 
Finally, parasites such as toxocara and strongyloides stercoralis should be excluded 
for their possible expanded clinical spectrum [ 42 ,  43 ].  

12.8     Prognosis and Treatment 

 Corticosteroids dramatically improve the prognosis of EGPA [ 1 ,  9 ,  10 ,  13 ,  19 ,  44 –
 46 ] and are considered the cornerstone of initial EGPA treatment. Cardiomyopathy 
and older age are independent risk factors for death [ 32 ]. Prednisone, 1 mg/kg/day, 
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or its equivalents, are given orally but methylprednisolone pulses are required in the 
most severe cases. Steroids are slowly tapered in some weeks [ 44 ] but residual 
asthma can prevent from steroids withdrawal [ 43 ]. 

 The addition of immunosuppressive treatment (oral  azathioprine   or  cyclophos-
phamide   pulses, preferred to oral administration because of the lower cumulative 
dosage) is required in case of treatment failure or relapse [ 44 ] and in patients with 
poor prognostic factor. 

 Five prognostic factors, the so-called  Five Factor Score (FFS)  , (elevated serum 
creatinine levels > 1.58 mg/dl, proteinuria > 1 g/day, gastrointestinal tract involve-
ment, cardiomyopathy, central nervous system involvement) have been identifi ed in 
patients with necrotizing vasculitis including EGPA [ 26 ]. Corticosteroids alone 
should be the treatment of choice in EGPA patients without poor-prognosis factors 
(FFS of 0) [ 44 ] and additional immunosuppressive treatment ( azathioprine   or  cyclo-
phosphamide   pulses) should be reserved to the patients with treatment failure or 
relapse [ 44 ]. Patients with poor-prognosis factors (   FFS = or > 1) should be treated 
with 3 consecutive methylprednisolone pulses on days 1–3 followed by oral predni-
sone 1 mg/kg daily for 3 weeks, tapering 5 mg every 10 days to 0.5 mg/kg and, 
afterwards, tapering 2.5 mg every 10 days to the minimal effective dosage or, when 
possible until defi nitive withdrawal plus 12  cyclophosphamide   pulses (600 mg/m 2 ) 
every 2 weeks for 1 month, then every 4 weeks thereafter or short-course of  cyclo-
phosphamide   (oral 2 mg/kg for 3 months or 6  cyclophosphamide   pulse [600 mg/m 2 ] 
every 2 weeks for 1 month, then every 4 weeks thereafter), followed by  azathioprine   
2 mg/kg for 1 year or more [ 44 ,  47 ].  Plasma exchange   should be considered (in 
addition to corticosteroids and  cyclophosphamide  ) in patients with rapidly progres-
sive glomerulonephritis and/or alveolar hemorrhage [ 20 ,  48 ].  Methotrexate  , cyclo-
sporin-A and  Azathioprine   have been proposed as drugs for maintenance of 
remission [ 28 ]. Different treatments as intravenous immunoglobulins, interferon- 
alpha, anti-TNF alpha agents,  rituximab  ,  mepolizumab   and  omalizumab   have been 
used in refractory or frequently relapsing patients with promising results [ 28 ]. 
Finally, the treatment of residual asthma should be optimized in accordance with 
modern guidelines of asthma management, with the goal of reducing the use of oral 
corticosteroids. 

 Recently, an international task force of experts from different specialties has 
published disease specifi c recommendations for the diagnosis and management of 
EGPA [ 49 ]. These recommendations aim to give physicians tools for effective and 
individual management of EGPA patients and to provide guidance for future tar-
geted research (Table  12.1 ).  
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   Table 12.1    Recommendations for the diagnosis, follow-up and management of EGPA with the 
corresponding level of evidence established by the International Task Force (49)   

 The EGPA consensus task force recommendations 
 Level of 
evidence 

 1.  EGPA should be managed in (or in collaboration with) centers with 
established expertise 

 NA 

 2.  Minimal initial differential diagnosis work-up should include testing for 
toxocariasis, HIV, aspergillus, triptase, vit. B12, peripheral blood smear, 
chest CT-scan 

 NA 

 3.  Obtaining biopsies is encouraged  NA 
 4.  ANCA testing (indirect immunofl uorescence and PR3/MPO specifi c 

immunoassay) should be performed 
 NA 

 5.  No reliable biomarker to measure disease activity is available  NA 
 6.  Once EGPA is diagnosed, evaluation of organ/system involvement is 

indicated 
 NA 

 7.  Remission: the absence of a clinical systemic manifestation (excluding 
asthma and/or ENT) 

 NA 

 8.  Relapse: the new appearance or recurrence or worsening of clinical EGPA 
manifestations (excluding asthma and/or ENT) requiring treatment 

 NA 

 9.  Glucocorticoids (prednisone 1 mg/kg) are indicated to induce remission  A 
 10.  Patients with life and/or organ threatening manifestations should be treated 

with a combination of glucocorticoids and immunosuppressant (e.g. 
cyclophosphamide) 

 B 

 11.  Maintenance therapy (azathioprine or methotrexate) is recommended for 
patients with life and/or organ threatening disease 

 C 

 12.  Glucocorticoids alone may be suitable for patients without life and/or 
organ threatening manifestations 

 C 

 13.  Plasma-exchange is usually not effective but can be considered for patients 
with rapidly progressive glomerulonephritis and/or alveolar hemorrhage 

 D 

 14.  Rituximab can be considered in selected ANCA positive cases  C 
 15.  IVIg can be considered as a second line treatment  C 
 16.  Interferon-alpha may be considered as a second/third line treatment for 

selected patients 
 C 

 17.  Leukotriene-receptor antagonists can be prescribed  B 
 18.  Vaccination with inactivated vaccines (infl uenza and pneumococci) should 

be encouraged 
 D 

 19.  Implementation of patient educational program is encouraged  D 
 20.  Patients with peripheral nerve involvement and motor defi cit(s) should be 

referred to a physiotherapist 
 D 

 21.  Patients should avoid tobacco smoking and irritants  D 
 22.  Venous thromboembolic events should be treated according to general 

guidelines 
 D 

   EGPA  Eosinophilic Granulomatosis with Polyangiitis,  ANCA  anti-neutrophil cytoplasmic anti-
body,  CT  computed tomography,  ENT  ear, nose and throat,  HIV  human immunodefi ciency virus, 
 IVIg  intravenous immunoglobulins,  NA  not applicable  
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    Chapter 13   
 ANCA-Associated Vasculitis 
and the Mechanisms of Tissue Injury                     

     Adrian     Schreiber      and     Mira     Choi   

    Abstract     ANCA associated vasculitides (AAVs) comprise four different disease 
entities: I) granulomatosis with polyangiitis (GPA, formerly Wegener’s granuloma-
tosis), II) microscopic polyangiitis (MPA), III) eosinophilic granulomatosis with 
polyangiitis (EGPA, formerly Churg-Strauss syndrome), and IV) renal-limited vas-
culitis or isolated pauci-immune necrotizing and crescentic glomerulonephritis 
(NCGN). Experimental data support the notion that ANCA-induced activation of 
both neutrophils and monocytes is one of the main pathogenic mechanisms involved 
in disease induction. Binding of ANCA IgG to surface expressed ANCA antigens 
on myeloid cells leads to generation of reactive oxygen species (ROS), degranula-
tion and activation of proteases, and formation of neutrophil extracellular traps 
(NET). Finally, activation of the complement system in AAVs by ANCA stimulated 
neutrophils leads to generation of C5a, which plays an important role in an amplify-
ing infl ammatory loop.  

13.1       Introduction 

    Anti-neutrophil cytoplasmic autoantibodies (ANCA) associated vasculitides (AAV)    
comprise systemic diseases with the characteristics of small and medium vessel 
infl ammation which might target almost every organ with the risk of fatal outcomes. 
 AAV   comprise four different disease entities: I) granulomatosis with polyangiitis 
(GPA, formerly Wegener’s granulomatosis), mainly associated  with   ANCA against 
 the   proteinase 3 (PR3), II)    microscopic polyangiitis (MPA), mainly associated  with 
  ANCA  against   myeloperoxidase (MPO), III) eosinophilic granulomatosis with 
 polyangiitis   (EGPA, formerly  Churg-Strauss syndrome  ), only in 50 % presenting 
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 with   ANCA against  MPO  , and IV) renal-limited vasculitis or isolated pauci- immune 
  necrotizing and crescentic glomerulonephritis (NCGN) [ 1 ]. 

    ANCA are directed against the granule proteins  MPO    or   PR3, and there is evi-
dence from in vitro and from animal studies  that   ANCA are pathogenic and cause 
effector functions in neutrophils and monocytes, leading to subsequent tissue dam-
age via interaction with endothelial  cells   as one hallmark of the disease [ 2 ,  3 ]. In 
addition, another antigen called lysosomal-associated membrane protein-2 
(hLAMP-2) has been described [ 4 – 7 ]. 

 The dominant histological fi nding is characterized by granuloma formation, leu-
kocyte accumulation and endothelial necrosis within the vessel wall. 

 A broad range of clinical manifestations are common to all types of  AAV  , such 
as fever, malaise, weight loss, and arthralgia. GPA often presents with pulmonary 
and renal involvement, vasculitis of the skin and eye- and ear-nose-throat involve-
ment, they often present with coughing/hemoptysis, a skin rash, laryngitis, recurrent 
rhinitis, mastoiditis,  episcleritis   and sometimes with oliguria/anuria if renal involve-
ment is severe.  MPA   shows similarities to GPA, but without the formation of granu-
lomatous infl ammation and, more common, with limited renal involvement [ 8 ]. 
 EGPA   depicts features of eosinophilic asthma and vasculitic infl ammation within 
the skin, and often presents with nervous system and cardiac involvement. 

 In the following pages we will discuss genetic implications  of   ANCA disease, 
the contribution of different cell types to the initiation and progress of  AAV   and 
different tissue injury mechanisms crucial to disease activity in vivo. 

 Finally, future directions to ongoing research and novel therapeutic options will 
be given according to recently published work in understanding the pathogenic 
mechanisms in  AAV  .  

13.2     Genetic Regulation 

 For a long time it has been proposed that  AAV   patients have a genetic predisposition 
to the disease. In different autoimmune diseases such as type 1 diabetes and rheu-
matoid arthritis, the HLA region is central for autoimmunity. In  AAV   the strongest 
evidence for HLA association is with  HLA-DPB1  . This association was demon-
strated in several candidate gene studies. However, our understanding of the genetic 
regulation of  AAV   has dramatically increased with introduction  of   genome-wide 
association studies (GWAS). Two studies in  AAV   patients have been published so 
far: the fi rst conducted by the European Vasculitis Genetic Consortium (EVGC; 
2,687 cases of GPA and  MPA  , 6,858 controls) [ 9 ] and the second by the US 
Vasculitis Clinical Research Consortium (VCRC; 987 GPA cases, 2,731 controls) 
[ 10 ]. In the European study, patients with  PR3-ANCA   showed a signifi cant associa-
tion both with  HLA-DPB1  ,  the   PR3 inhibitor alpha1-antytrypsin (SERPINA1)  and 
  PR3 (PRTN3). In contrast, patients  with   MPO-ANCA showed an association with 
HLA-DQ. Interestingly, the study found these differences in genetic association 
rather in respect  to   ANCA serotype than to clinical phenotype of  AAV  . The US 
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American study confi rmed in its cohort the association with  HLA-DPB1  , in addi-
tion an association with SEM6A6 (coding for semaphorin 6A, a protein with largely 
unknown function) was found. However, no statistically signifi cant difference for 
this gene could be found in a recent study in a cohort of European patients [ 11 ]. 

 In summary, the strongest data for a genetic background of  AAV   is for the HLA 
region and different studies have found a strong signal for  HLA-DPB1   in  AAV   
patients from different genetic background. Very interestingly, patients with  PR3- 
ANCA   show a signal both  in   PR3 and the PR3-inhibitor alpha1-antytrypsin; it is 
conceivable that a dysregulated balance between PR3 and its inhibitor leads through 
insuffi cient clearance to stimulation of the immune system with development of 
 PR3-ANCA  .  

13.3     ANCA Autoantigens 

13.3.1      PR3 Membrane Expression by CD177 

  The   ANCA  antigens   PR3 and  MPO   are expressed by both neutrophils and mono-
cytes.    PR3 is stored mainly in azurophil granules, and is exposed in variable amounts 
on the surface of resting neutrophils. Interestingly, expression of  surface   PR3 is 
bimodal, with expression on the neutrophil membrane only in a proportion of cells 
(defi ned as mPR3 high ) but not in the others (defi ned as mPR3 low ). Expression varies 
from 0 to 100 % of neutrophils from one individual and remains very stable over 
longer time periods. It appears that PR3 is presented on the membrane by a unique 
interaction with CD177, where CD177 is only expressed on a subset of neutrophils 
[ 4 ,  5, 12, 13 ]. Patients with  AAV   display a signifi cantly higher percentage  of   PR3- 
expressing neutrophils and patients with higher  membrane   PR3 expression do worse 
[ 14 – 16 ]. Interestingly, patients with severe bacterial sepsis displayed dynamic 
changes in the percentage of CD177-positive (and mPR3 high ) neutrophils and these 
changes affected clinical outcome which makes regulation of the expression of 
CD177 and mPR3 important for diseases far beyond  AAV   [ 17 ]. 

 Several explanations for a correlation between  membrane   PR3 expression and 
disease have been proposed: I) A direct effect by stronger activation of PR3- 
expressing neutrophils with  PR3-ANCA  . The higher expression of PR3 by CD177 
on the surface of neutrophils enables stronger ANCA IgG binding [ 14 ] and subse-
quent activation mediated by a signaling complex  of   PR3/CD177 together with 
Mac-1 (CD11b/CD18) [ 18 ]. II) A rather indirect effect by promoting trans- 
endothelial migration of CD177 positive neutrophils. It has been described that 
CD177 acts as a counter-receptor for the endothelial junctional protein PECAM-1 
(   platelet endothelial cell adhesion molecule 1, CD31). The heterophilic CD177/
PECAM-1 interaction facilitates neutrophil transmigration through suppression  of 
  PECAM-1 ITIM phosphorylation, leading to a decrease  in   endothelial cell junc-
tional integrity and fi nally a migration advantage [ 19 ,  20 ]. In addition, the  interaction 
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between the CD177- presented   PR3  and   PECAM-1 facilitates trans-endothelial 
migration and reestablish vascular integrity after leukocyte transmigration [ 21 ]. 
Both processes – stronger activation by ANCA IgG and support of trans-endothelial 
migration – could fi nally lead to a stronger vascular damage in  AAV  .  

13.3.2     Alternative ANCA Antigens 

 With respect to ANCA target autoantigens other than  MPO    and   PR3, controversy 
persists. In 2008 Kain et al. reported the presence of autoantibodies against 
hLAMP-2 in the majority of patients with  AAV   [ 5 ]. hLAMP-2 is a membrane gly-
coprotein expressed mainly in lysosomes but also in late endosomes and on the 
plasma membrane of neutrophils. In addition, hLAMP-2 is expressed by  glomerular 
  endothelial cells. Kain et al. demonstrated anti-hLAMP-2 autoantibodies in patients 
with  AAV  , in addition an epitope within hLAMP-2 was shown to have 100 % 
homology to the bacterial protein FimH. Furthermore, immunization of WKY rats 
with FimH induced autoantibodies to both rat and human hLAMP-2 and induced 
 NCGN   [ 5 ], suggesting  molecular mimicry   as cause of AAV. The same group later 
published that anti-hLAMP-2 antibodies correlated very well with disease activity, 
disappeared rapidly after disease induction therapy and could be detected in 73 % of 
patients with ANCA-negative  NCGN   [ 7 ]. Therefore, antibodies to hLAMP-2 could 
potentially serve as a better activity marker than conventional ANCA tests. However, 
Roth et al. were not able to reproduce these fi ndings as they detected anti-hLAMP-2 
autoantibodies in only 21 % of sera from patients with ANCA-associated  vasculiti-
des   [ 22 ]. Thus, the relevance of hLAMP-2 and anti-hLAMP-2 antibodies in ANCA- 
associated vasculitis requires further investigation.  

13.3.3     Epigenetics 

 Transcription  of   PR3 and  MPO   is silenced in healthy mature circulating neutrophils 
and monocytes. However, by microarray analyses an aberrant expression of  both 
  PR3 (PRTN3) and  MPO   was identifi ed in  AAV   patients. In addition to both genes, a 
global granulopoiesis signature was identifi ed in mature PMN and monocytes [ 23 ]. 
 MPO   and PR3 transcriptional upregulation correlated with clinical disease activity 
and different laboratory markers of disease activity. Since PRTN3 and  MPO   genes 
locate on different chromosomes, this coordinated expression was postulated to be 
caused by epigenetic modifi cations. Ciavatta et al. demonstrated that active transcrip-
tion of PRTN3 and  MPO   results from defective epigenetic silencing [ 24 ]. The authors 
found depletion of histone methylation H3K27me3 at PRTN3 and  MPO   due to 
increased expression of Jumonji domain-containing 3 (JMJD3) demethylase as well 
as failure of the transcription factor RUNX3 to recruit EZH2, which is responsible 
for H3K27me3 methylation. In a recent follow-up study the same authors showed 
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that the  alternative   PR3 transcript lacked exon 1 as a consequence of a transcription 
start in intron 1 encoding a 24-kD protein (p24PR3/MBN), a transcript known as 
myeloblastin. Importantly, active synthesis of PR3,  MPO  , and p24PR3/MBN protein 
was demonstrated in patient’s neutrophils and binding of ANCA IgG to p24PR3/
MBN. As a result of this aberrant antigen expression, different pathogenic settings 
are conceivable: First, synthesis of PR3 or  MPO   in mature neutrophils could lead to 
mistargeting followed by immunogenic presentation, thereby supporting autoanti-
body generation. Second, the alternative transcript in itself could break tolerance by 
serving as a foreign antigen leading to autoantibody generation.  

13.3.4     Epitope Analysis 

 An elegant approach for identifi cation of pathogenic epitopes of ANCA antigens 
has been followed recently in a multicenter study by Roth et al. [ 25 ]. Here, a novel 
assay termed “epitope excision” was used to identify the specifi c target epitopes of 
ANCA IgG, which involves analysis of ANCA-binded MPO-epitopes by MALDI- 
TOF/TOF mass spectrometry. This novel powerful method allows both detection of 
low-titer antibodies and identifi cation of conformational epitopes. The authors 
found  substantial   MPO-ANCA epitope diversity by detection of epitopes exclusive 
for active disease, distinct epitopes not specifi c for active disease, and epitopes not 
associated with disease (so called natural occurring autoantibodies). Interestingly, 
the authors could detect autoantibodies to  MPO   in patients with ANCA-negative 
pauci-immune  NCGN  , which appeared to have been masked by a circulating frag-
ment of the endogenous MPO-inhibitor ceruloplasmin in the sera of the patients. It 
appears that epitope specifi city determines the pathogenicity of autoantibodies. 
Interestingly, Olsen et al. recently detected  PR3-ANCA   IgG in GPA patients prior 
to disease onset [ 26 ]. It is conceivable that in these patients over time epitope 
spreading occurs towards pathogenic epitopes, fi nally inducing active disease.   

13.4     ANCA Interaction with Neutrophils and Monocytes 

 The ANCA target  antigens   PR3 and  MPO   reside within the azurophilic granules of 
neutrophils and within the lysosomes of monocytes. To interact with  ANCA   PR3 
and  MPO   must be presented to the cell surface, a movement which is called  trans-
location . The trigger for translocation is mediated by cytokine stimulation, so called 
 priming , induced by low-dose TNFα, IL-1ß, IL-18 or G-CSF, by C5a, or even poly-
mers of  the   PR3 inhibitor a1-antitrypsin [ 27 – 33 ]. In patients with  AAV   viral and 
bacterial infections are observed during the prodromal stage of the disease and, like 
 in-vivo priming , it is known that colonization with staphylococcus aureus contrib-
utes signifi cantly to recurring disease activity [ 34 ]. While priming itself does not 
result in full stimulation, primed neutrophils and monocytes respond very rapidly to 
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stimulation with ANCA IgG with the release of oxygen radicals and proteolytically 
active granule proteins as neutrophil serine proteases,  MPO  , cytotoxic mediators or 
even microparticles [ 27 ,  28 ,  35 ,  36 ]. 

 The contribution of neutrophils to ANCA-induced activation is multifaceted and 
complex. Proof of the central and essential role of neutrophils as the primary effec-
tor cell in  AAV   comes from murine animal studies by Xiao et al. where, using an 
anti-MPO IgG-induced  NCGN   model, neutrophil depletion protected from disease 
[ 37 ]. 

13.4.1     Role of Fcγ Receptors in ANCA Induced  NCGN   

 ANCA activate cytokine-primed neutrophils through both, binding of ANCA IgG 
to surface-expressed antigens with their F(ab)  2   portions and through Fc-part medi-
ated Fcγ receptor (FcγR) engagement [ 38 – 40 ]. FcγRs are present on neutrophils, 
macrophages, and dendritic cells. The Fcγ RIIB is also present on B cells containing 
an inhibitory signaling motif [ 41 ,  42 ]. Indeed, it could be shown that RIIB limits 
autoimmunity to  MPO   and absence of FcγRIIB lead to disease aggravation by 
increasing autoreactive T- and B-cell responses, activation of neutrophils by ANCA, 
and the recruitment of macrophages and neutrophils by effector T cells [ 43 ]. 

 By genotyping it has been described that specifi cally the NA1 allele of FcγRIIIB 
correlates with the severity of renal involvement [ 44 ]. 

 ANCA are predominantly IgG and are found in all four human IgG subclasses. 
There is still ongoing research about the predominance of IgGs in  AAV   patients and 
its pathogenic distribution to vasculitic infl ammation. Apparently the ANCA IgG3 
subclass interacts most strikingly with Fcγ receptor, is most potent for neutrophil 
capture from fl ow and induction of adhesion and has more pronounced capacity to 
induce neutrophil burst [ 45 ]. 

 IgG molecules require glycosylation in the CH2 domains of both heavy chains of 
the Fc fragment for effective Fcγ receptor interaction. Noteworthy, modulation of 
ANCA IgG glycosylation through treatment with the bacterial enzyme endoglyco-
sidase S inhibited neutrophil activation in vitro and reduced anti-MPO IgG-induced 
glomerulonephritis in mice [ 46 ].  

13.4.2     Signaling Pathways in Neutrophil Activation 

 Multiple signaling pathways are involved in the processes of neutrophil priming and 
ANCA-induced activation. The mitogen-activated protein kinases (MAPK) p38 and 
extracellular signal-regulated kinase (ERK) mediate priming of TNF-α-stimulated 
neutrophils enabling subsequent ANCA-induced respiratory burst, while p38MAPK 
only mediates translocation of ANCA antigens to the cell surface [ 47 ]. Importance 
for p38MAPK has been demonstrated in vivo, where p38MAPK inhibition partly 
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reduced crescent formation in mice with anti-MPO  NCGN   [ 48 ]. Another crucial 
signaling pathway involved in neutrophil activation is the phosphoinositide-3 kinase 
(PI3-K) pathway. Inhibition of the PI3-K pathway leads to decreased ANCA- 
induced superoxide production in neutrophils [ 49 ]. In vivo, the inhibition of the 
PI3-Kγ subform either by specifi c pharmacologic blockade or genetic defi ciency 
demonstrated protection from ANCA-associated necrotizing crescentic glomerulo-
nephritis ( NCGN  ) [ 50 ]. 

 The alternative pathway of complement is involved as well. Release of factor B, 
properdin and C3 from activated neutrophils results in activation of the complement 
system with the generation of C5a which is a very strong chemoattractant for neu-
trophils and has also the ability to prime neutrophils. Responsible mediators of C5a- 
mediated priming of human neutrophils with subsequent ANCA-induced respiratory 
burst and degranulation are regulated by p38MAPK, ERK and PI3-K signaling 
pathways [ 51 ].  

13.4.3     Role of Monocytes in ANCA-Induced Activation 

 While most studies described a crucial role of neutrophils in ANCA-induced effec-
tor functions, monocytes also express both ANCA antigens,    PR3 and  MPO  , and 
react with ANCA IgG. ANCA IgG induced in vitro up-regulation of CD14 and 
CD18 on monocytes, triggered  ROS   generation and lead to the release of pro- 
infl ammatory cytokines, such as IL-8 [ 52 ,  53 ]. 

 Renal biopsies from patients with ANCA GN revealed that monocytes/macro-
phages were the predominant invading cells in glomeruli, followed by neutrophils, 
but to a lesser extent [ 54 ,  55 ]. Monocytes transform into macrophages and reside 
within different phases of infl ammation from acute to chronic, while neutrophils are 
short lived and undergo apoptosis or necrosis. 

 Recently, monocytes were classifi ed into 3 subsets based on their expression of 
the Fcγ III receptor, CD16 (CD16 −  and CD16 +  monocytes), and based on their sur-
face expression of the lipopolysaccharide (LPS) co-receptor, CD14, on CD16 +  
monocytes [ 56 ]. Systematic investigations in patients with  AAV   elucidated that PR3 
and  MPO   are differentially expressed on distinct monocyte subsets, with the highest 
expression on intermediate cells (CD14 + /CD16 + ) [ 57 ]. Interestingly, monocyte sub-
sets react in a different manner to anti-MPO antibodies, with intermediate mono-
cytes producing the highest amount of IL-1β and IL-6 after stimulation. Furthermore, 
the percentage of intermediate monocytes was higher in  AAV   patients compared to 
healthy controls, supporting the hypothesis that expansion of this monocyte subset 
in  AAV   has an impact in disease pathogenesis. 

 The production of IL-1β plays a critical role in the pathogenesis of ANCA vas-
culitis presenting an important infl ammatory mediator. The observation that IL-1 
receptor antagonist treatment abrogated anti-MPO antibody–induced  NCGN   con-
fi rmed that IL-1β is indeed crucial for disease development [ 58 ]. It could be 
 demonstrated that anti-MPO antibody–activated monocytes and neutrophils 
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 generate IL-1β, which in turn stimulated the release of additional infl ammatory 
cytokines (including TNFα and IL-6), causing local infl ammation and renal injury 
leading to  NCGN  . 

 Soluble fms-like tyrosine kinase-1 (sFlt1), a circulating form of VEGF-R1 that 
lacks the transmembrane domain of the intact protein, is mainly secreted by mono-
cytes,    endothelial cells, and placental cytotrophoblasts and displays potent inhibi-
tory effects on  VEGF  . Noteworthy, anti-PR3 mAb and serum containing  PR3-ANCA   
from patients with active vasculitis were found to induce sFLt1 release from mono-
cytes, whereas anti-MPO mAb did not [ 59 ]. As a consequence, the increase might 
impair endothelial repair during active vasculitis culminating in pronounced vascu-
litic infl ammation and more severe organ damage. 

 But still, the true in vivo importance of monocytes in the pathogenesis of  AAV   
disease development has to be defi ned in  animal models  .   

13.5     Interaction of ANCA-Activated Neutrophils 
with Endothelial Cells in Vitro 

 In locally restricted infl ammation neutrophils upregulate  adhesion molecules   (ß2 
integrins) on their surface and adhere to the endothelium, which itself upregulates 
 intercellular adhesion molecule-1 (ICAM-1)   or vascular cell adhesion molecule-1 
(VCAM- 1  ), transforming themselves into a pro-adhesive state. In the absence of 
ANCA, neutrophils start to transmigrate through the endothelial layer and cell acti-
vation does not take place until they reach the site of infl ammation. Thus, release of 
toxic contents and oxidative burst do not lead to vascular damage. In contrast, in the 
presence of circulating ANCA binding to primed neutrophils results in more 
enhanced infl ammatory responses and cell activation. Subsequently, enhanced 
infl ammatory responses of adherent neutrophils promote vascular damage with 
increased vascular permeability and detachment of the endothelium. In renal histo-
logic stains of patients with  AAV   this is depicted as fi brin depositions (necrosis) 
within the vessel wall. Thus, the interaction of ANCA-activated neutrophils with 
 the   endothelial cell surface is a crucial step in the initiation of the development of 
necrotizing vasculitis. 

 Studies from cremasteric microvasculature in mice demonstrated that primed 
neutrophils showed reduced rolling in the presence of anti-MPO antibody stimula-
tion and an increase of adhesion to the endothelium [ 60 ]. These steps were depen-
dent on β2-integrins, such as CD11b and FcγR. In a fl ow based assay, TNF-α-primed 
neutrophils tend to adhere more fi rmly  to   endothelial cells in the presence of anti- 
MPO and the number of transmigrating neutrophils increased. 

 As a proof of principle, enhanced neutrophil infi ltration within glomeruli has 
been demonstrated in renal biopsies from patients with  AAV   and renal involvement 
and in  animal models   with  NCGN  . In ANCA-induced  NCGN   neutrophils undergo 
rapid destruction by mechanisms such as apoptosis and necrosis and could be 
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observed as fragmentation of nuclei, also called leukocytoclasia, at sites of acute 
 fi brinoid necrosis   [ 61 ]. This is apparently due to gross neutrophil infi ltration or 
reduced clearance of neutrophil fragments. Furthermore,    neutrophil extracellular 
traps (NETs) were detected at sites of infl ammation and acute necrosis [ 62 ]. 

 The important role of an infl ammatory environment to enhance neutrophilic 
functions in close proximity to the endothelium has been observed in a mice model 
of anti-MPO  NCGN  , where additional LPS treatment in addition to anti-MPO IgG 
increased neutrophil infl ux into glomeruli compared to anti-MPO IgG only [ 63 ]. 
Evidence that the anti-MPO antibody itself increases neutrophil accumulation 
within glomeruli comes from a study with the use of relatively high dose of anti- 
MPO antibody [ 64 ] and in vitro using isolated mouse  glomerular   endothelial cells 
anti-MPO antibody induces upregulation of  adhesion molecules   such  as   ICAM-1, 
VCAM- 1   and E-selectin. Furthermore, the in vitro data showed that these glomeru-
lar EC also secreted chemokines such as KC and MIP-2 and they identifi ed a mol-
ecule called moesin as a probable autoantigen for endothelial activation. 

 Thorough attention has been drawn to the role of chemokines during  neutrophil 
  endothelial cell interactions in ANCA settings. Neutrophils express the chemokine 
receptor CXCR1 and CXCR2 for IL-8, the most potent member of the CXC family. 
In a fl ow model, inhibition of CXCR2 was associated with an increase in rolling and 
signifi cantly reduced the level of migration [ 65 ]. Similar observations were made 
in vivo in patients with  AAV   in active disease, showing a decreased CXCR1 and 2 
surface expression on circulating neutrophils compared to patients in remission 
[ 66 ]. In the same line, in vitro blockade of CXCR1 and CXCR2 signifi cantly 
increased neutrophil adhesion and inhibited migration through glomerular EC 
monolayers, which supports the observation of ongoing infl ammation at the site of 
the vessel wall.   

13.6     Mechanisms of Tissue Injury in AAV 

13.6.1      Degranulation of Toxic Granule Contents 

 Primed neutrophils and  monocytes   respond very rapidly to stimulation  with   ANCA 
IgG with release of proteolytically active granule proteins as neutrophil serine pro-
teases (NSPs),  MPO   or MMP9. Recent evidence shows that neutrophil-derived 
degranulated extracellular  MPO   is deposited in glomeruli of AAV patients [ 67 ] and 
furthermore that  MPO   can potentially attenuate the development of adaptive immu-
nity and autoimmunity by inhibition of antigen presenting cells [ 68 ]. We have 
recently focused on the specifi c role of NSPs in the pathogenesis of AAV. NSPs, 
 namely   PR3, neutrophil elastase (NE), cathepsin G (CG), and NSP4, reside in neu-
trophil granules and monocytic lysosomes [ 69 ]. NSPs are generated as inactive pro- 
enzymes that require proteolytic proform cleavage by the lysosomal cysteine 
protease dipeptidyl peptidase I (DPPI) [ 70 ]. The functional role of NSP was tested 
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by using DPPI-defi cient mice lacking functional active serine proteases in an animal 
 model   of anti-MPO induced  NCGN  , which is induced by immunization of MPO- 
defi cient mice with murine MPO, followed by subsequent bone marrow (BM) trans-
plantation with MPO-positive BM. Compared with WT BM, DPPI-defi cient BM 
protected from anti-MPO induced  NCGN   [ 58 ]. The protection was mediated by 
massively reduced ANCA-stimulated monocytic and neutrophil IL-1β generation 
and release in DPPI-defi cient cells, an effect much more pronounced in monocytes 
than in neutrophils. In line with this, DPPI-defi cient mice showed strongly reduced 
renal IL-1β levels. Moreover,    PR3/NE-double-defi cient mice showed diminished 
IL-1β production to anti-MPO antibodies in vitro and were protected in vivo from 
anti-MPO induced  NCGN  . Finally, specifi c IL-1β blockade by  Anakinra   reduced 
ANCA-induced  NCGN  . These observations suggest that NSP-mediated IL-1β pro-
cessing is fundamental for induction of ANCA-NCGN. Generation of IL-1β is usu-
ally regulated by a multiprotein complex, called the infl ammasome. Infl ammasome 
stimulation leads to processing of inactive procaspase-1 to active caspase-1, which 
then cleaves pro-IL-1β into the active IL-1β form. However, it appears that in the 
setting of ANCA-stimulation of monocytes this classical pathway seems to be 
rather inactivated as inhibition of caspase-1 had no infl uence on IL-1β generation. 
We will discuss the mechanism involved herein in the next paragraph.  

13.6.2     Generation of Reactive Oxygen Species 

 Multiple in vitro studies have demonstrated that ANCA IgG stimulate a robust 
respiratory burst in myeloid cells by activation of the phagosomal NADPH-oxidase 
(NOX2), leading to the generation of potential damaging  ROS  . Surprisingly, even 
though the in vitro effect of ANCA-stimulated  ROS   generation is well established, 
the net in vivo effect has not been demonstrated yet. Therefore, anti-MPO  NCGN   
was induced in two different NOX-defi cient mouse strains (namely gp91phox- 
defi cient and p47phox-defi cient mice) and compared with wild-type mice. 
Surprisingly, both NADPH-oxidase defi cient mouse strains showed a strongly 
aggravated phenotype of  NCGN  , which was paralleled by increased renal IL-1β 
level [ 71 ]. In different experimental in vitro settings we could demonstrate that 
ANCA-stimulated  ROS   generation by NOX2 inhibits the infl ammasome-mediated 
caspase-1-dependent IL-1β generation. We could fi nally prove this process by 
inducing anti-MPO NCGN in caspase-1/gp91phox-double defi cient mice, which 
were rescued from the aggravated phenotype observed in gp91phox-defi cient mice. 
Interestingly, the ANCA-induced ROS-mediated caspase-1 inhibition was observed 
in both neutrophils and monocytes, but monocyte were still the main producer of 
IL-1β. 

 In summary, it appears that in ANCA-stimulated myeloid cells two different 
pathways controlling the generation of the potent pro-infl ammatory cytokine IL-1β 
act in parallel: ANCA-induced activation of the  NSPs   PR3 and elastase lead to 
infl ammasome-independent proteolytic IL-1β generation, whereas at the same time 
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NADPH-oxidase dependent  ROS   negatively regulates caspase-1 activity by oxida-
tive inhibition, thereby limiting IL-1β generation.  

13.6.3     Generation of Neutrophil Extracellular Traps 

 A formerly unrecognized neutrophil defense mechanism was described by 
Brinkmann et al., who showed release of decondensed chromatin fi bers together 
with histones and neutrophil granule proteins such as neutrophil elastase, MPO, the 
antimicrobial peptide cathelicidin from PMA-stimulated neutrophils [ 72 ]. This pro-
cess of generation  of   neutrophil extracellular traps (NET) is now widely denoted as 
“NETosis” and was subsequently found to be involved in bacterial defense by trap-
ping of bacteria, but even more in the pathogenesis of a variety of different dis-
eases such as thrombosis formation, TRALI,  SLE  , psoriasis, or hantavirus-disease. 
However, even an anti-infl ammatory effect of  NETs   was recently described by dem-
onstrating degradation of cytokines and chemokines with consecutive resolution of 
neutrophilic infl ammation [ 73 ]. A role of NETosis in ANCA NCGN was fi rst dem-
onstrated by Kessenbrock et al.: the authors showed generation of  NETs   by ANCA- 
stimulated neutrophils in vitro, local kidney  NET   deposition in patients with  NCGN  , 
and detected circulating  NETs   in patients with active disease by ELISA [ 62 ]. This 
study confi rm previous fi ndings of increased levels of nucleosomes in the peripheral 
blood of patients with AAV [ 74 ]. It is conceivable that, through local enrichment of 
active proteases and histones through NETosis, glomerular endothelial  cell   damage 
and vasculitis could be induced. Furthermore, the presentation  of   ANCA antigens 
together with dsDNA and LL-37 could break tolerance and induce autoantibody 
generation. It was demonstrated that these complexes could stimulate Tcells both 
indirectly and directly; indirectly by stimulation of INF-γ secretion from plasmacy-
toid dendritic cells (pDCs) or by priming of macrophage cytokine release fi nally 
activating Tcells [ 75 ], and directly by reduction of the Tcell activation threshold 
[ 76 ]. A potential role  for   MPO-ANCA induction was recently demonstrated in rats 
[ 77 ]:  NETs   generated in the presence of PTU and PMA  induced   MPO-ANCA for-
mation and  pulmonary capillaritis  . Furthermore, treatment of rats with PTU and 
PMA administration led  to   MPO- ANCA   generation and subsequently to  NCGN  . 
The authors demonstrated that NETs present the ANCA  antigens   PR3 and  MPO   
and transfer these to APCs, such as myeloid DCs. Immunization of mice  with   NET- 
treated myeloid DCs induced both MPO-  and    PR3-ANCA  , as well as anti-dsDNA 
autoantibodies, leading to autoimmune vasculitis. In a recent follow-up study the 
same authors  demonstrated  that MPO-ANCA sera induced NETosis and  impaired 
  NET degradation by inhibition of DNase I [ 78 ]. These observations suggest that 
sera  from   ANCA patients both induce NETosis and  inhibit   NET degradation with 
an overall effect of strongly  upregulated   NET formation. However, it remains to be 
formally demonstrated that NETosis is more than a marker of disease activity and is 
actively contributing to tissue injury.  
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  Fig. 13.1    Mechanisms of ANCA-induced vasculitis. In the resting state the neutrophil granulo-
cyte is not activated by ANCA IgG. (I) Priming of neutrophil granulocyte by different infl amma-
tory stimuli (TNFα, IL-ß, C5a) results in up-regulated membrane antigen expression. (II) ANCA 
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13.6.4     Activation of the Pathway of Alternative Complement 
Activation 

 Increasing data predominantly from animal studies demonstrated a crucial role of 
the complement system in the pathogenesis of AAV. In a passive antibody transfer 
model, mice defi cient in the complement factors B and C5 were protected from 
disease, whereas factor C4-defi cient mice developed disease comparable to wild- 
type mice, proving a central role of the alternative pathway of complement activa-
tion, whereas the classical or lectin binding pathway were not involved [ 79 ]. In a 
different study, anti-MPO  NCGN   could be blocked by treating mice with a 
C5-inhibiting monoclonal antibody [ 80 ]. Finally, C5aR-defi cient mice were pro-
tected from anti-MPO induced disease and ANCA-stimulated neutrophils activated 
the complement system with generation of C5a [ 32 ]. Recently, this work was con-
fi rmed in transgenic mice expressing the human C5aR, where a specifi c small mol-
ecule blocker of the human C5aR (CCX168) reduced disease in an anti-MPO model 
[ 81 ]. A clinical trial testing the safety and effi cacy of CCX168 in AAV patients has 
now been performed. In addition, human data demonstrated activation of the com-
plement system in urine and biopsies from patients with AAV, thereby confi rming 
the animal data [ 31 ,  82 ,  83  ] (Fig.  13.1 ).
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    Chapter 14   
 Long-Term Outcome of ANCA-Associated 
Systemic Vasculitis                     

     James     Ritchie    ,     Timothy     Reynolds    , and     Joanna     C.     Robson    

14.1          Introduction 

  Long-term outcomes for patients  with   ANCA associated vasculitis have been trans-
formed by treatment regimens including high dose  glucocorticoids   and  cyclophos-
phamide  ; from a fatal disease in 80 % of patients in the 1950s, to a chronic disease 
with periods of remission and relapse in the majority in the last decade [ 1 ]. The 
focus now is on refi ning the regimens used, including the use of  cyclophosphamide   
and  glucocorticoid   reduction strategies, to maximise effectiveness of remission 
induction and maintenance, and reduce irreversible damage accumulation, whilst 
minimising adverse effects including infection, cardiovascular disease and malig-
nancy. A key element of the analysis of long-term outcomes has been the identifi ca-
tion of prognostic markers for poorer outcomes (see Table  14.1 ) which may respond 
to targeted treatment regimens. One example is the response to  Rituximab  , particu-
larly in relapsing disease which is PR3 ANCA positive [ 2 ]. The Outcome Measures 
in Rheumatology (OMERACT) Vasculitis Working group has spearheaded the 
development and use of outcome measurement within ANCA-associated vasculitis 
and defi ned a core set for use in clinical trials [ 3 ]. Outcomes including measures of 
disease activity and irreversible damage have enabled standardised disease assess-
ments within clinical trials and enabled the description and analysis of long-term 
outcomes in a way that was previously diffi cult to do in what is a relatively rare 
disease. The OMERACT Vasculitis group is now also looking beyond the use of 
physician based outcome tools to the development of disease specifi c patient 
reported outcome measures to enable future treatment regimens to be assessed via 
outcomes that measure what is important to patients [ 4 ].
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14.2        Mortality 

 The European Vasculitis Study Group (EUVAS) long-term follow up of 535 newly 
diagnosed patients from four randomised controlled trials has demonstrated that 
patients with ANCA-associated vasculitis (AAV)    still have a 2.6 fold (95 % CI 
2.2–3.1) increased risk of death compared with the general population, when 
matched for age, sex and country of origin [ 1 ]. Survival rates are 88 % (95 % CI 86 
to 91 %), 85 % (95 % CI 82 to 88 %) and 78 % (95 % CI 75 to 82 %) at 1, 2 and 5 
years from diagnosis [ 1 ], although patients with severe pulmonary haemorrhage 
were excluded from the original trials [ 1 ]. A retrospective cohort of 53 patients with 
 AAV   with alveolar haemorrhage, has demonstrated lower survival rates of 83 % at 
3 months and 58 % at 49 months [ 5 ]. 

 There has however been a defi nite improvement in mortality rates over the last 30 
years, probably due to the advent of more effective and targeted treatment regimens, 
including reduced  cyclophosphamide   exposure through use of a pulsed regimen [ 6 , 
 7 ], and use of alternatives such as  methotrexate   for non-organ or life threatening 
involvement [ 6 ,  8 – 10 ]. An inception cohort of 181 patients with  AAV   from The 
Netherlands demonstrated a difference in mortality between groups of patients diag-
nosed at different time points; with a Hazard ratio (HR) for death of 2.9, for those 
diagnosed between1990–2000 and 3.9 for 1979–1989, in comparison with a group 
diagnosed later, between 2001 and 2009 [ 8 ]. A single cohort of 445 German patients 
 with   Granulomatosis with Polyangiitis (GPA) also reported a decline in standardized 
mortality rates over the last four decades, and described a shorter interval between 
symptoms and diagnosis (from 8 months to 4 months), and reduction in  cyclophos-
phamide   cumulative dosages (from 67 g diagnosed in 1966–1993, to 24 g in those 
diagnosed between 1999 and 2002) over time in their cohort [ 11 ]. 

   Table 14.1    Overview of risk factors for mortality and  relapse     

 Risk factors for mortality  Risk factors for relapse 

 Alveolar haemorrhage  PR3 ANCA positivity 
 Renal impairment (eGFR <15 ml/min or dialysis)  Upper respiratory tract involvement 
 Baseline severity of disease activity measured via 
 the   BVAS or  FFS   (≥1) 

 Respiratory involvement 

 Older age  Renal impairment associated with a 
decreased risk 

 Accumulation of damage on the VDI (≥5 items)  Switch from ANCA negativity to 
positivity 

 Hypoalbuminaemia  If using treatment with  Rituximab  , B cell 
return 

 Cardiomyopathy 
 Pre-existing co-morbidities 

   BVAS  Birmingham vasculitis activity score,   FFS    fi ve factor score,  VDI  vasculitis damage index  
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 A general practice cohort study of 255 patients with newly diagnosed  GPA   dem-
onstrated a peak in mortality during the fi rst year following diagnosis (HR 9.0) [ 12 ]. 
Mortality then dropped but remained higher than in the general population, gradu-
ally rising to a further peak at around 10–15 years post diagnosis (HR 4.0) [ 12 ]. 
Data from the EUVAS long-term follow up [ 1 ] and The Netherlands cohorts [ 8 ] has 
highlighted that early deaths within the fi rst year are commonly due to infections or 
active vasculitis [ 1 ], whilst malignancies and cardiovascular events are responsible 
for later deaths [ 1 ]. 

 Baseline clinical features associated with a later increase in mortality, include 
worse renal function (either eGFR <15 ml/min or needing dialysis) [ 1 ,  8 ,  13 ], older 
age [ 1 ,  14 ], pulmonary haemorrhage [ 5 ,  8 ,  13 ,  14 ], low albumin [ 10 ,  15 ], high levels 
of proteinase 3- anti-neutrophil cytoplasmic antibody (PR3 ANCA) compared to 
perinuclear ANCA in patients with renal involvement [ 13 ,  16 ], and cardiomyopathy 
[ 17 ]. Older patients (>65 years) with renal vasculitis are more likely to present with 
severe renal disease and have an increased risk of infection due to leucopenia [ 15 ] 
and may have worse pulmonary involvement than younger patients [ 14 ]. Patients 
with  GPA   and pre-existing illnesses have an increased mortality risk than those 
without any co-morbidities [ 18 ]. 

  The   Birmingham Vasculitis Activity Score (BVAS) is an index of systemic 
symptoms and signs of abnormalities in eight different organ systems: skin, mucus 
membranes and eyes, ears nose and throat, chest, cardiovascular system, gastroin-
testinal tract, kidney and nervous system [ 19 ] which has been endorsed by the 
Outcome Measures in Rheumatology (OMERACT) initiative as one of the key mea-
sure of disease activity within clinical trials [ 3 ]. Predictors of increased mortality 
include baseline severity of disease, as measured by  the   Birmingham Vasculitis 
Activity Score (BVAS) and the Five-Factor Score ( FFS  ) [ 20 ]. 

 The French Vasculitis Study Group (FVSG) has developed the Five Factor  Score 
  of prognostic markers including classes of serum creatinine levels (≤1.58 mg/dl and 
≥1.58 mg/dl) and proteinuria (≤1 g/day and ≥1 g/day), presence of severe gastroin-
testinal (GI) tract involvement, cardiomyopathy, and/or central nervous system 
involvement [ 21 ]. The presence of each factor is accorded 1 point, and the score is 
defi ned as follows: 0 represents no factors, 1 represents 1 factor, 2 represents ≥2 
factors [ 21 ]. Patients with microscopic polyangiiitis  and   polyarteritis nodosa with a 
 FFS   of 0 have a 5 and 8 year survival rate of 93 % and 86 % respectively [ 22 ]. A 
long-term cohort of 101 patients with eosinophilic granulomatosis with polyan-
giiitis ( EGPA  ) demonstrated that no one factor predicted mortality, but those over 
65 years old with cardiomyopathy or ANCA positivity were more likely to develop 
chronic kidney disease and chronic neurological disability [ 23 ]. The Vasculitis 
Damage Index is the OMERACT endorsed measure of irreversible damage or scar-
ring [ 3 ]; patients who score more than 5 items of damage have a 6.4-fold increase 
in mortality risk (95 % CI 2.1 to 19) [ 24 ].  
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14.3     Renal Outcomes 

 Between 75 % and 90 % of patients with ANCA associated vasculitis (AAV)    will 
develop renal involvement at some point in their disease course [ 25 ]. Patients with 
severe renal impairment and dialysis-dependence at baseline have worse overall 
patient and renal survival [ 26 ]. In a Swedish population-based study of 201 newly 
diagnosed patients with  AAV  , the percentages with renal involvement at baseline 
were 85 % and 68 % for those  with   MPO-ANCA and  PR3-ANCA   respectively [ 27 ]. 
Patients  with   MPO-ANCA positivity appear to be more at risk of progression to end 
stage renal failure (38 % vs 15 %) [ 27 ]. In a EUVAS study comparing  plasma 
exchange   to methylprednisolone in 137 patients presenting with dialysis depen-
dence or creatinine >500 μmol/L, patient and renal survival were 49 % and 61 % 
respectively after a median of 3.95 years [ 26 ]. The Glomerular Disease Collaboration 
Network (GDCN)  AAV   registry, an inception cohort based in the United States, 
consists of 544 patients diagnosed with  AAV   with renal involvement since 1985 
[ 28 ]. Data from this registry has demonstrated that rates of patient and renal survival 
at 5 years have improved over time (64 % and 51 % in 1985–1989, increasing to 
83 % and 82 %, respectively, in 2005–2009, P < 0.001 for both) [ 28 ]. Analysis of 
patients presenting with severe renal disease (eGFR <45 ml/min) showed that sur-
vival had also improved over time in this group [ 28 ]. Elevated serum creatinine at 
baseline was the only factor associated with worse patient and renal survival (HR 
1.11 per 1 mg/dL of serum creatinine [95 % CI 1.04 to 1.18], p = 0.002) [ 28 ]. Age, 
ANCA type and duration of  cyclophosphamide   treatment were not found to be sig-
nifi cant predictors of death, progression to dialysis or relapse in this cohort [ 28 ]. 

 A histological classifi cation system has been proposed to predict outcomes in 
 AAV   based on renal histology; 5 year renal survival rates are 93 % for focal, 76 % 
for crescentic, 61 % for mixed and 50 % for sclerotic categories [ 29 ,  30 ]. Separate 
cohorts have produced similar data, although a recent retrospective cohort of 93 
Italian patients with ANCA-associated glomerulonephritis, demonstrated differing 
outcomes, with worse outcomes in the crescentic and sclerotic classes [ 31 ]. In this 
cohort independent predictors of  end-stage renal disease   were high serum creatinine 
and hypertension at presentation and less than 20 % of normal glomeruli at kidney 
biopsy [ 31 ]. An analysis of long-term outcomes in 26 patients with biopsy-proven 
ANCA-associated glomerulonephritis but normal eGFR at diagnosis demonstrated 
similar outcomes at 3 years in relation to remission, relapse rates, disease activity 
and damage levels as patients with abnormal eGFR at diagnosis, suggesting that 
both groups may need intensive treatment to prevent adverse renal outcomes [ 32 ]. 

 Outcomes for patients with  AAV   who receive a renal transplant are generally 
good, with relatively low relapse rates at 0.01 per patient per year [ 30 ]. There is a 
suggestion that patients who  are   PR3 positive at the time of transplant are more 
likely to relapse, but more work is needed to determine predictors of graft rejection, 
relapse and death in transplant patients [ 33 ].  

J. Ritchie et al.



163

14.4     Relapse 

 Relapse rates in the French Vasculitis Study Group cohort (FVSG, n = 434) and the 
Glomerular Disease Collaborative Network (GDCN, n = 347) cohort in the United 
States were 54 % and 42 % respectively, after a median follow up of 44 months [ 34 ]. 
Predictors of relapse in both cohorts were PR3 ANCA positivity and lung involve-
ment, with upper respiratory tract involvement a predictor in the GDCN but not the 
FVSG [ 34 ]. In the long-term follow up from the European Vasculitis Study Group 
(EUVAS) trials, which combined patients who had received a range of induction 
and maintenance regimes;    PR3 positivity was again independently associated with 
an increased risk of relapse, as was cardiovascular disease, whilst impaired renal 
function was associated with lower relapse rates [ 35 ]. A small study of 16 patients 
with  AAV   who received a renal transplant suggested  that   PR3 positive patients were 
two times (OR 2.19, p = 0.71) more likely to experience a relapse compared to  MPO   
positive patients, although this did not reach statistical signifi cance [ 33 ]. 

 The long-term follow up of the EUVAS trials, which investigated 
 cyclophosphamide  - sparing treatment strategies at induction, has found an increased 
risk of relapse in those receiving pulsed IV  cyclophosphamide   or  methotrexate   as 
induction therapy, compared with oral  cyclophosphamide  [ 7 ,  36 ]. It appears that 
although there may be benefi ts in terms of adverse events with less intensive immu-
nosuppression at induction, the use of these regimens may be associated with earlier 
relapse (see Fig.  14.1 ) [ 37 ].

   Long term data from the Wegener’s Granulomatosis-Entretien (WEGENT) study 
[ 38 ] showed that, at a median follow up of 11.9 years,  Azathioprine   and  Methotrexate   
as maintenance therapy, were comparable in terms of survival (10 year survival 
75.1 % vs 79.9 %, p = 0.56) and relapse rates (relapse-free survival 26.3 % vs 33.9 %, 

  Fig. 14.1    Balance between risks and benefi ts of differing intensities of induction immunosuppres-
sion regimens in ANCA associated vasculitis: initial adverse events versus long-term relapse risk       
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p = 0.29).  PR3-ANCA   positivity, but not disease subtype, was again associated with 
relapse [ 38 ]. 

 The French Maintenance of Remission using  Rituximab   in Systemic ANCA- 
associated Vasculitis (MAINRITSAN) study of 115 patients with newly diagnosed 
or relapsing  GPA  ,  MPA   or renal-limited ANCA associated vasculitis, who were in 
complete remission after induction with  cyclophosphamide   and  glucocorticoids  , 
demonstrated that more patients had sustained remission at month 28 with  Rituximab   
than with  Azathioprine   (relapses seen in 29 % of  Azathioprine   arm versus 5 % in 
 Rituximab   arm; HR for relapse, 6.61; 95 % CI 1.56 to 27.96) [ 39 ]. Using data from 
the  Rituximab   in ANCA-associated Vasculitis (RAVE) trial; PR3 positive  AAV   
patients with relapsing disease achieved complete remission more often following 
treatment with  Rituximab   treatment versus  cyclophosphamide   plus  azathioprine   at 
6 months (OR 3.57; 95 % CI 1.43 to 8.93), 12 months (OR 4.32; 95 % CI 1.53 to 
12,15) and 18 months (OR 3.06; 95 % CI 1.05 to 8.97). There was no association 
between treatment and remission in the  MPO   positive patients, or those divided 
according to diagnosis [ 2 ]. Use of a  Rituximab   protocol including induction and 
maintenance phases (6-monthly 1 g repeated infusions over 24 months) in an open 
label report of 69 patients, demonstrated all were in remission at the end of 24 
months, with 28 patients relapsing a median of 34.4 months after their last infusion 
[ 40 ]. PR3-ANCA positivity (P = 0.039), B cell return within 12 months of the last 
RTX infusion (P = 0.0038) and switch from ANCA negativity to positivity (P = 
0.0046) were predictors of relapse [ 40 ].  

14.5     Damage 

 The Vasculitis Damage Index (VDI) is a validated index of 54 items of irreversible 
aspects of vasculitis or its treatment, accrued since the onset of the disease [ 41 ]. The 
VDI has been endorsed by the Outcome Measures in Rheumatology (OMERACT) 
initiative as an outcome measurement within clinical trials in  AAV   [ 3 ]. Data from 
the EUVAS long-term follow-up study of 735 patients with  GPA   and  MPA  , demon-
strated that patients commonly present with damage even at diagnosis; 34.5 % have 
≥1 item and 5.1 % have ≥5 items at baseline [ 42 ]. The total VDI score is predictive 
of future mortality in systemic vasculitis; patients with ≥5 items have a 6.4-fold 
increase in mortality risk [ 24 ]. In  AAV  , renal damage (proteinuria, impaired glo-
merular fi ltration rate and hypertension) and damage to the ear, nose and throat 
(nasal crusting, hearing loss) are the commonest items of damage accrued by 6 
months and over long-term follow up (LTFU, mean of 7.3 years from diagnosis) 
[ 42 ]. By LTFU, two-thirds of patients reported treatment related damage, most fre-
quently hypertension (41.5 %), osteoporosis (14.1 %), malignancy (12.6 %) and 
diabetes (10.4 %) [ 42 ]. 

 Higher  baseline   BVAS scores, lower glomerular fi ltration rate and increasing age 
were baseline predictors of high levels of subsequent damage; the number of 
relapses and cumulative dosages of  glucocorticoids   (GCs) were also associated with 
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increasing VDI scores [ 43 ]. A total VDI score of ≥5 was more likely to occur with 
every year of GC treatment [Odds Ratio 1.26 per 12 months of GC use (95% CI 1.03 
to 1.53), P = 0.022] [ 42 , 43 ].  

14.6     Infection 

 Adverse events within the fi rst year of treatment can be signifi cant in  AAV  , causing 
59 % of deaths compared with 14 % of deaths caused by active vasculitis [ 44 ]. 
Severity of leucopenia, infection, GFR and other adverse events are all indepen-
dently associated with mortality [ 44 ]. Within a cohort of 489 patients with  AAV   
followed for a median of 2.8 years, the 1, 2 and 5 year cumulative incidence of 
infection was 51, 58 and 65 % and severe infection (defi ned as requiring intrave-
nous antibiotics, admittance to intensive care) was 22, 23 and 26 % [ 45 ]. Severe 
infection increased the risk of death within the fi rst year fourfold (95% CI 2.0–8.7; 
P = 0.001) [ 45 ].  

14.7     Cardiovascular Disease 

 From the EUVAS long-term follow-up data, 14 % of patients with  GPA   and  MPA   
had a recorded cardiovascular event within 5 years from diagnosis [ 46 ]. In patients 
with no previous history of cardiovascular disease, predictors were age and raised 
diastolic blood pressure at diagnosis, whilst PR3 ANCA positivity was associated 
with a reduced risk compared to MPO ANCA or negative ANCA status [ 46 ]. 
Patients with  AAV   also have increased prevalence of cardiovascular risk factors 
including renal dysfunction, and hypertension, diabetes, increased BMI and hyper-
lipidaemia secondary to  glucocorticoid   treatment [ 42 ,  43 ]. A Danish study of 293 
patients with  GPA   also demonstrated an increased risk of early (<5 years) and late 
(>5 years from diagnosis) cardiovascular disease, including an observed: expected 
ratio for ischaemic heart disease (IHD) of 1.9 (95% CI 1.4 to 2.4) [ 47 ]. In a pro-
spective cohort study of 91 patients with  AAV  , 62 % of  EGPA   and 46 % of  GPA 
  patients vs 20 % of controls, were found to have cardiac abnormalities on baseline 
ECG or echocardiography [ 48 ]. These cardiac abnormalities were associated with 
an increased all-cause and cardiovascular mortality (Log-rank P = 0.015 and Log-
rank P = 0.021, respectively) by a mean of 53 months post-diagnosis [ 48 ]. The 
signifi cance of late gadolinium enhancement on cardiac magnetic resonance imag-
ing (CMRI) is not yet confi rmed in patients with  AAV  ; in patients diagnosed with 
cardiomyopathy independently of CMRI, LGE may be a poor prognostic sign, but 
as an isolated abnormality on CMRI alone, it may prove to be clinically unimport-
ant [ 49 ].  
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14.8     Malignancy 

 With improvements in long-term survival rates data relating to the development of 
malignancies amongst those treated for ANCA-associated vasculitis is now 
available. 

 Retrospective data from the French Vasculitis Study Group followed 383 patients 
with  EGPA   over a mean period of 66.8 months. 14 malignancies were reported 
amongst 13 patients. These consisted of 11 solid-organ cancers (of which 5 were 
ultimately fatal) and 3 haematological neoplasms. This did not represent an increase 
beyond the background risk for age and sex-matched individuals (SIR 1.15 [95 % 
CI 0.63–1.94]) [ 17 ]. 

 A Danish cohort consisting of 293 patients diagnosed with  GPA   between 1973 
and 1999 were followed for a longer median period of 9.7 years [ 50 ]. Amongst this 
group 73 cancers were reported. This represented an overall SIR for all cancers of 
1.9 (95 % CI 1.5–2.4) [ 50 ]. Higher rates of non-melanoma skin cancers (SIR 4.0 
[95 % CI 2.7–5.7]), bladder cancers (SIR 5.5 [95 % CI 2.7–9.8]) and myeloid leu-
kaemia (SIR 13.3 [95 % CI 3.6–34]) were found, especially amongst those treated 
with higher cumulative doses of  cyclophosphamide   (above 36 g in total) [ 50 ]. 
Nonetheless the data were not adjusted for cumulative doses of other immunosup-
pressive drugs, smoking status, co-morbidities or the use of 2-mercaptoetane sulfo-
nate Na (mesna). 

 Analysis of follow-up data from 535 patients in the EUVAS study group followed 
over a mean period of 4.95 years revealed 50 new cancers during the follow- up period. 
There was an increase in the rate of cancers at all sites (SIR 1.58 [95% CI 1.17 to 
2.08]) but this was infl uenced signifi cantly by the increased rate of non- melanoma 
skin cancers (SIR 2.78 [1.56 to 4.59]). When these were excluded the SIR was 1.30 
(95 % CI 0.90 to 1.80) [ 51 ]. It was not clear whether this lower rate of cancer was 
related to the relatively short follow-up period or the lower cumulative doses of immu-
nosuppression typically used in more modern treatment regimens [ 51 ]. 

 Further long-term data is needed to determine the risk of developing malignan-
cies later in life as there can be a signifi cant latency period before these arise. The 
available literature highlights the importance of good quality skin care and surveil-
lance amongst patients on long term immunosuppression. The data also refl ects the 
importance of hydration and the prevention of urothelial toxicity associated with 
higher cumulative  cyclophosphamide   doses to reduce the risk of bladder cancer 
later in life. This is refl ected in the 2009 European League against Rheumatism 
(EULAR) guidelines [ 52 ] and the subsequent 2014 British Society for Rheumatology 
(BSR) guidelines [ 53 ] which support the use of  mesna   together with careful urine 
monitoring during follow-up. This is largely based on expert opinion as there are no 
vasculitis trials that have focused on  mesna   use in reducing the urothelial toxicity of 
 cyclophosphamide  . 

 The BSR guidelines also support limiting the cumulative lifetime doses of  cyclo-
phosphamide   to less than 25 g. This recommendation is based on the fi ndings of a 
data-driven review article by Monach et al. in 2010 [ 54 ] which highlighted the risks 
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of increased dose and duration of  cyclophosphamide   treatment in the subsequent 
development of bladder cancer. See Table  14.2  for further risk prevention 
strategies.

14.9        Pregnancy Outcomes 

 With the advent of better and targeted treatments which aim to spare fertility whilst 
gaining tighter control of the underlying disease, there is now emerging evidence on 
a range of pregnancy outcomes. A matched case control study of 51 pregnancies in 
29 patients with mainly ANCA associated vasculitis demonstrated that patients had 
lower gestational age at delivery than controls, 36 weeks versus 40 weeks (P < 
0.003), but there was no difference in birth centiles once the gestational age differ-
ence was adjusted for [ 55 ]. Flares of vasculitis do occur during pregnancy and post- 
partum with fi gures ranging from 10 % up to a third of patients in different cohorts 
[ 55 ,  56 ]. Three TIAs were reported in one cohort, suggesting that thrombotic com-
plications may be an issue [ 56 ].  

14.10     Health Related Quality of Life 

 Health related quality of life is impaired in patient with ANCA association at diag-
nosis. Use of the Short-Form 36 to measure HRQoL in 346 patients enrolled in the 
EUVAS trials, demonstrated physical functioning scores were the most affected, 
specifi cally in those with neurologic involvement (−8.48 points [95 % CI −12.90, 
−4.06]; P < 0.001) and older age (−0.25 points/year [95 % CI −0.38, −0.11]; P < 
0.001) [ 57 ]. Patients rank fatigue and reduced energy levels as having the greatest 
impact or relevance to their HRQoL, rather than specifi c organ manifestations, in 
contrast to physicians who rank dialysis or oxygen dependence as more important 
[ 58 ]. A case control study from Scotland demonstrated that patients with  AAV   are 
twice as likely to have mild or moderate fatigue [odds ratio (OR) 2.0; 95 % CI 1.1, 
3.8] or severe fatigue (OR 2.5; 95 % CI 1.4, 4.5) than age, gender and location 

   Table 14.2    Summary of risk reduction strategies to reduce adverse long-term outcomes   

 Adverse outcomes  Risk reduction strategies 

 Infection  Immunisations against infl uenza and Pneumocystis pneumonia (PCP) 
 Cancer  Reduction in cumulative dose of  cyclophosphamide   

 Use of  mesna   and oral hydration during  cyclophosphamide   
 Cardiovascular 
disease 

 Address modifi able cardiovascular risk factors (smoking, 
hypercholesterolaemia, hypertension) 

 Relapse  Consider continuing immunosuppression in patients with ongoing PR3 
ANCA positivity and or upper respiratory tract disease 
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matched controls, and this is strongly associated with impaired physical health [ 59 ]. 
Survey data suggests that AAV-related fatigue is multifactorial, and associated with 
pain, sleep disturbance and levels of infl ammation [ 60 ]. An international collabora-
tion to develop a disease specifi c patient reported outcome for  AAV   is underway as 
part of the OMERACT initiative to expand and refi ne the core-set of patient-specifi c 
outcome measures for use in clinical trials [ 4 ].  

14.11     Summary 

 In summary, the long-term outcomes for patients with ANCA-associated disease 
have signifi cantly improved in the last few decades. The challenge now is to further 
refi ne our management regimens to develop better targeted treatments which have 
high effi cacy but low toxicity, whilst continuing to address any modifi able risk fac-
tors for adverse outcomes including infection and malignancy.      
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    Chapter 15   
 Kawasaki Disease: Past, Present and Future                     

     Fernanda     Falcini      and     Gemma     Lepri   

    Abstract     Forty eight years ago Doctor Tomisaku Kawasaki fi rstly described a dis-
ease called “ Acute febrile muco-cutaneous lymph node syndrome” , after labeled as 
Kawasaki disease (KD). It still remains a mysterious illness affecting coronaries in 
a quarter of untreated patients and is the most common cause of childhood-acquired 
heart disease in industrialized countries. Many gaps exist in our knowledge in the 
etiology and pathogenesis of KD. Numerous KD features still demand further 
efforts to achieve a better understanding of the disease. Some of these issues include 
coronaries’ injuries in children not fulfi lling the classical diagnostic criteria, genetic 
predisposition, unpredictable ineffectiveness of current therapy in some cases, vas-
cular dysfunction in patients not showing echocardiographic evidence of coronaries 
abnormalities in the acute phase and risk of potential premature atherosclerosis. The 
lack of specifi c laboratory tests for early identifi cation of the atypical and incom-
plete cases, especially in infants, is one of the obstacles to treat early patients in 
order to reduce cardiovascular involvement. Transthoracic echocardiography 
remains the gold-standard for evaluation of coronaries in the acute phase and fol-
low- up. In patients with severe vascular complications, more expensive and invasive 
investigations, such as coronary CT angiography and MRI, may be required. As 
children with KD grow-up, the acknowledgment and treatment of the potential 
sequelae become critical, requiring rheumatologists, cardiologists and infectious 
disease specialists cooperate to develop guidelines for a proper evaluation and man-
agement of patients. Deep education is recommended for physicians and other pro-
fessionals about how to recognize the long-term impact of systemic problems 
related to KD.  
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15.1       Introduction 

 This is the fi rst description  of   Kawasaki Disease by Doctor Tomisaku Kawasaki: “ In 
January1961, as I look back now, I saw the fi rst case of what it is known as a    typical  
   Kawasaki disease case which I had not experienced in my ten year career as a 
pediatrician, with this kind of unique symptom complex. It was a 4-year and 
3-month-old boy. There was high fever which have lasted for 2 weeks, bilateral 
conjunctival hyperemia, dried reddish, fi ssured, bleeding lips, diffuse erythemato-
sus of the oral cavity mucous membrane and strawberry tongue. There was left 
cervical lymphoadenopathy. There was polymorphous erythema all over the body. 
Red palms and soles were seen. Indurative oedema was on the hands and feet. After 
10 to 14 days, there was membranous desquamation of hands and feet. I presented 
this case to which I could not give diagnosis at a pediatric department meeting in 
my hospital. One of the my colleagues suggested atypical scarlet fever, another sug-
gested mild form of Stevens-Johnson Syndrome. I could not agree with either of this 
opinions. I released the case with” diagnosis unknown”. In February 1962, a 2 –
year-old boy with suspected sepsis was admitted at the Emergency room, when I 
saw him I immediately remembered the case I had seen the previous year. After that 
I experienced a total of 50 cases which fell into the above category by the end of 
1966, and I reported on these cases under the title” Acute    febrile     muco-cutaneous 
lymph node syndrome: clinical observation of 50 cases” published in The Japanese 
Journal Allergy in 1964”  [ 1 ]. 

 Since then,    Kawasaki Disease (KD) was recognized in America, Europe and all 
over the world. 

 KD formerly known as febrile  mucocutaneous lymph node syndrome   is the most 
common systemic vasculitis in childhood after Henoch-Schoenlein purpura, the 
main cause of acquired heart disease among children living in industrialized coun-
tries where it has surpassed Rheumatic fever, and an important cause of long-term 
cardiac disease in adult life [ 2 ,  3 ]. Following the initial reports of the disease, it 
became apparent that KD was not benign, since a number of children were reported 
to die of this illness, mainly due to the cardiovascular complications [ 4 ]. KD is an 
acute, self-limited necrotizing vasculitis of unknown origin affecting medium and 
small-sized vessels that predominantly occurs in young children, aged 6 months to 
5 years, with a male-to-female ratio of 1.8–1. It may be also observed in neonates, 
adolescents or young adults. The peak age in Japan is 5–11 months while in the 
United States it is between 1 and 2 years. KD is more prevalent in Asian countries, 
especially in Japan, with an annual incidence of 216.9 per 100,000 children aged 
0–4 years but it is universally distributed and can affect children of any ethnicity. In 
US, where it is reported a hospitalization of 17.1 per 100,000 children, it is more 
common in Americans of Asian and Pacifi c Island descent. In Europe, it is reported 
an incidence ranging from 4.9 per 100, 000 children under 5 years in Denmark to 
8.1 per 100,000 in United Kingdom, and to 9 per 100,000 in France [ 5 ,  6 ]. 

 The etiology of KD is still unknown but current hypothesis suggests an unusual 
infl ammatory response to one or more yet unidentifi ed pathogen(s) occurring in 
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genetically predisposed individuals. The discovery of viral-like cytoplasmic inclu-
sion bodies in ciliated bronchial epithelial cells supports the hypothesis that KD 
might arise from a previously unidentifi ed ubiquitous RNA virus inducing a state of 
persistent viral infection [ 7 ]. 

 The immune response in KD encompasses both aspects of innate and adaptive 
immunity with a signifi cant overproduction of different cytokines and activation  of 
  endothelial cells. Activation of both B and T cells has been detected together with 
increased proinfl ammatory cytokine production, including tumor necrosis 
factor(TNF)-α, interleukin-1  and   interleukin-6 [ 8 ,  9 ] .  

 As no diagnostic tests are available, the diagnosis relies on recognition of the 
clinical criteria, which include fever for at least 5 days and four or more of the fol-
lowing fi ve features: (i) Bilateral conjunctival injection; (ii) Cervical lymphade-
nopathy (Fig.  15.1 ); (iii) Oral mucosal changes (Fig.  15.2 ); (iv) Polymorphous 
rashes(Fig.  15.3 ); (v) Swelling or redness of the extremities, and the exclusion of 
other diagnoses. Fever is typically hectic and remittent, with peak temperatures 
frequently exceeding 39 °C or higher, unresponsive to antibiotics but partially 
responsive to antipyretics. For untreated children, the febrile period lasts for a mean 
of 11 days. Bilateral vascular injection of the bulbar conjunctivae is generally seen 
in the fi rst week of illness, not associated with exudate. Cervical lymphadenopathy 
is usually unilateral, restricted to the anterior cervical lymph nodes that are enlarged 
more than 1.5 cm, non-fl uctuant, and moderately tender (Fig.  15.1 ). Changes in the 
mouth are characterized by diffuse erythema, dryness, fi ssuring, cracking, and 
bleeding of the lips (Fig.  15.2 ). Fever lasting at least 5 days and four of the fi ve typi-
cal features are required to meet the diagnosis [ 10 ]. Among the clinical manifesta-
tions, mucous membrane changes are present in more than 90 % of patients while 
lymphadenopathy is less frequently observed. An additional sign that distinguishes 
KD from other febrile diseases in infants and very young children is an extreme 
irritability due to  aseptic meningitis  . The presence of fever is mandatory and its 
onset is considered the fi rst day of the disease. It is important to remember that the 

  Fig. 15.1    Lymph node 
enlargement       
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diagnostic features often appear consecutively and may be transient, making the 
early diagnosis diffi cult. In children aged less than 3–6 months as well in school- 
aged children, adolescents, and young adults the diagnosis is a challenge for general 
practitioners as the disease presentation is often atypical and the course incomplete 
with consequent delay in the appropriate therapy and high risk of cardiac  coronary 
aneurysms   (CA), see Table  15.1 .

  Fig. 15.3    Rash on the trunk       

  Fig. 15.2    Redding, swelling and vertical cracking of the lips       
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15.2                 Incomplete Kawasaki Disease 

 Children with at least 5 days of fever and two or three of the major clinical criteria 
are labeled as ‘incomplete Kawasaki disease’ and account for 15–20 % of children 
with the illness. Children with incomplete KD may develop CA abnormalities in a 
higher percentage as the treatment is delayed or omitted. If coronary artery dilata-
tion is detected on echocardiography, the diagnosis of KD is confi rmed, even if less 

  Fig. 15.4    Palmar 
erythema       

   Table 15.1    Criteria for the diagnosis of Kawasaki disease   

 Fever persisting for more than 5 days plus at least four of the following clinical signs not 
explained by another disease 
   Bilateral bulbar conjunctival non purulent injection 
   Changes in extremities and perineum: acute phase: redding of palms and soles, indurative 

edema (Fig.  15.4 ) convalescent phase: membranous desquamation from fi ngertips (Figs.  15.5 , 
 15.6 ,  15.7 ,  15.8  and  15.9 ) 

   Polymorphous exanthaem primarily on the trunk 
   Changes in lips and oral cavity 
   Acute non purulent cervical lymphadenopathy (>1.5 cm diameter), usually unilateral 
 Exclusion of other febrile diseases with similar features or echocardiographic evidence of 
coronary artery abnormalities. 
  Evidence of other organ involvement  
   Gastrointestinal tract (abdominal pain, hepatic dysfunction, hydrops of gallbladder) 
   Lungs and respiratory tract (pneumonia, et al.) 
   Central nervous system ( aseptic meningitis  , peripheral facial palsy,  sensorineural hearing loss  , 

et al.) 
   Kidneys and genitourinary system: (haematuria, urethritis, etc.) 
   Musculoskeletal system (arthritides). 
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than four principal features are present. The diagnosis of incomplete KD is particu-
larly challenging, and more common in infants, below 6–12 months, and in children 
older than 5 years of age. It is strongly recommended to suspect incomplete KD in 
any infant who has a fever for more than 7 days with laboratory evidence of infl am-
mation without a reasonable cause. The American Heart Association has formu-
lated an algorithm to provide a structured approach to the child with suspected 
incomplete KD: children over 6 months of age with prolonged fever of at least 5 
days and two or three principal diagnostic criteria need to be evaluated for the pres-
ence of additional clinical and laboratory features, which may lead to echocardio-
graphic assessment and/or treatment in those who have other suggestive fi ndings 
[ 11 ,  12 ].  

  Fig. 15.5    Skin peeling of 
foot       

  Fig. 15.6    Skin peeling of 
foot       

 

 

F. Falcini and G. Lepri



179

  Fig. 15.7    Sheet-like desquamation       

  Figs. 15.8    Fingertip peeling of hands       

  Fig. 15.9    Bowl sign       
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15.3     Atypical Kawasaki Disease 

 According to the American Heart Association and the American Academy of 
Pediatrics, “atypical” KD” is defi ned as a child with high fever and symptoms and 
signs at disease onset that are not included in the clinical major criteria, such as 
acute abdominal pain, pulmonary or gastrointestinal signs, facial nerve palsy,  sen-
sorineural hearing loss  . Extreme irritability is an additional symptom present in 
most KD patients and may help on suspecting the diagnosis in patients with incom-
plete and atypical disease [ 13 ,  14 ].  

15.4     Laboratory Tests 

 Laboratory fi ndings show elevation of erythrocyte sedimentation rate, C-reactive 
protein, and white cell count. At onset, not all infl ammatory markers are present 
and, if KD is deeply suspected, it is recommended to repeat the exams. 
Thrombocytosis occurs through the end of the second week of the illness and, there-
fore, may not help the diagnosis in the early stages. In a few cases, acute thrombo-
cytopenia or low platelet count may occur and may be associated with a poorer 
prognosis. Abnormal liver function may be observed and some patients present with 
jaundice and elevated transaminases. Hypoalbuminemia is common; sterile pyuria 
and cerebrospinal fl uid lymphocytosis representing  aseptic meningitis   may also be 
detected [ 10 ,  15 ].  

15.5     Cardiac Complications 

 KD displays a high risk of subsequent cardiac abnormalities. Fifteen to 25 % of 
untreated children with KD will develop coronary  aneurysm   or coronary dilation 
and the cardiac disease can also include myocardial infarction, sudden death and 
heart ischemia. 

 Coronary infl ammation develops within the fi rst week of the disease with infi l-
tration by infl ammatory cells of intima and adventitia rapidly leading to panarteritis 
and widespread infl ammation of whole artery edge. Infl ammatory process continues 
and subsides around day 40 after onset. Thus, a prompt treatment is recommended 
before the echocardiographic evidence of coronary damage. Despite the occurrence 
of cardiac sequelae in KD children is becoming less prevalent due to the improve-
ment in the therapy, in Japan more than 10,000 adults with history of KD in infancy 
are affected by cardiovascular complications. Several methods are available to 
detect coronary artery injury.  Transthoracic echocardiography   is the main tool in 
monitoring the coronary involvement, others more expensive and invasive  encom-
pass   Magnetic resonance imaging (MRI), multislice CT (MSCT), single-photon 
emission CT (SPECT), and  X-ray coronary angiography     . 
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 Coronary artery rupture, a rare event, is mainly the result of progressive aneu-
rysm dilation in the acute phase. Moreover, larger aneurysms are at greater risk of 
developing stenosis and subsequent myocardial ischemia or infarction. Consequently, 
precise aneurysm measurements at onset are important to close follow-up of their 
evolution. Severe stenotic lesions or giant aneurysms developing late  after   Kawasaki 
disease are often associated with coronary artery calcifi cation, responsible for irre-
versible change in the coronary artery wall after the acute vasculitis and can strongly 
predict future endothelial dysfunction of the coronary artery. Thus, early discovery 
of coronary injury and prompt treatment are extremely important and can help to 
predict prognosis [ 16 ,  17 ].  

15.6     Present Situation and New Challenges for Medical 
Treatment of Kawasaki Disease 

 Standard treatment for acute KD consists of high dose  intravenous immunoglobulin 
(IVIG)  2 g/kg, administered within the day 10 from the onset of fever. A single infu-
sion generally reduces the risk of CA lesions from 20–25 % to 2–4 %.    IVIG should 
also be given to children presenting after day 10 of illness if fever and signs of 
infl ammation persist, although the prognosis worsens with the delayed therapy. 
Conversely, administration  of   IVIG before day 5 does not appear to improve coro-
nary artery outcomes and may increase the need for retreatment. Treatment  with 
  IVIG should also be given if incomplete KD is suspected, regardless of the echocar-
diographic fi ndings.  Aspirin   at a dosage of 50–80 mg/kg/day is recommended dur-
ing the acute phase of the illness; this dosage may be better tolerated than higher 
doses as regards the gastrointestinal and other side effects. Then, it should be 
reduced to an antiplatelet dosage of 3–5 mg/Kg once fever and infl ammation have 
receded. There is no evidence that  aspirin   improves the prevalence and the outcome 
of coronary artery abnormalities that are highly dependent on gamma globulin dose 
but independent of salicylate dose [ 18 ]. Eleven to 38 % of  timely   IVIG treated 
patients continue to have persistent or recurrent fever at least 36 h after infusion. 
IVIG-resistant patients are at higher risk for the development of CA damage. The 
optimal therapy for these patients remains controversial [ 19 ].  

15.7     A Concern About the Use of Steroids in KD is Still 
Unsolved. Who Should be Treated? 

 Agents used for secondary or “rescue” therapy include additional doses  of   IVIG, 
intravenous methylprednisolone (IVMP), oral corticosteroids,  cyclophosphamide  , 
cyclosporine,  methotrexate  , and  plasma exchange  . IVMP, 30 mg/kg, maximum 1 g 
is usually given because of its powerful and rapid immunosuppressive effect. In a 
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randomized control trial for all patients with KD, IVMP plus  initial   IVIG, compared 
 with   IVIG and placebo, did not decrease the incidence of coronary artery lesions 
[ 18 ] .  Conversely, it has been reported that suspected IVIG-resistant patients who 
received  initial   IVIG plus IVMP, compared  with   IVIG alone, had earlier deferves-
cence and a signifi cantly lower rate of coronary damage. For patients resistant to 
initial or  additional   IVIG, some studies show that IVMP was effective for rapid 
defervescence and prevention of CA injury [ 20 – 23 ]. In IVIG-resistant patients, the 
effi cacy and safety of anti-cytokine therapy with  infl iximab   ( Remicade  ), a chimera 
type anti TNF-α agent, has been tested. After May 2005,  Remicade   has been used 
in more than 500 pediatric  patients   IVIG and IVMP resistant. The effi cacy and 
safety has been observed, though 10–20 % of patients resulted Remicade-resistant. 
Re-treatment  with   IVIG or steroids was also effective. The effi cacy of  Remicade   for 
reducing the fever duration, CRP, WBC counts was promising, but reduction of the 
incidence of coronary  aneurysm   has not been confi rmed. In a retrospective study, 
patients with IVIG-resistant KD whose fi rst re-treatment was with  infl iximab  , com-
pared  with   IVIG, had faster resolution of fever and fewer days of hospitalization. 
Coronary artery outcomes and adverse events were comparable [ 24 – 30 ]. Nearly 
2–3 % of untreated children die as a consequence of CA thrombosis, myocardial 
infarction, or seldom aneurysm rupture. Patients with giant CA aneurysms (8 mm or 
more) are at long-term risk of developing aneurysms thrombosis, CA stenosis and 
myocardial infarction even years after the acute phase of KD. Several scoring sys-
tems have been developed to identify children at highest risk  of   IVIG resistance and, 
hence, highest risk of developing CAA. Kobayashi et al. developed a model to pre-
dict unresponsiveness  to   IVIG in Japanese children with KD [ 23 ,  31 ,  32 ]. In Japan, 
the Kobayashi score appears to identify these patients, but outside Japan, it seems 
reasonable to offer steroid treatment in addition  to   IVIG to patients with features 
of the most severe disease at higher risk of developing CAA, including the very 
young, and those with markers of severe disease, including intense infl ammation, 
liver dysfunction, hypoalbuminemia, anemia and organ dysfunction. Steroids 
should also be given to patients who do not respond promptly to  initial   IVIG. All 
patients treated with steroids should be followed to identify adverse effects includ-
ing osteonecrosis and intercurrent infection. 

 Few data are available about the treatment with  Anakinra  , an IL-1 receptor 
antagonist. The fi rst reports in a child with severe relapsing KD, and recently in a 
11-week-old female with severe KD resistant to  3   IVIG infusions and high dose 
corticosteroids, and complicated by macrophage activation syndrome, indicated a 
dramatic improvement [ 33 ,  34 ].  

15.8     Vaccinations  in   Kawasaki Disease Children 

 A concern with the use  of   IVIG is that the passively acquired antibodies may inter-
fere with the serologic response to active immunization. Current guidelines recom-
mend postponing the measles, mumps, and rubella (MMR) vaccination to at least 
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6 months  after   IVIG treatment, but there is no consensus about the time interval. In 
Japan, an interval of 6–9 months is recommended. A study was conducted in The 
Netherlands where children receive this vaccine at the age of 14 months and 9 years. 
MMR vaccination response was evaluated in patients treated  with   IVIG for KD, in 
comparison with healthy controls, and no difference was detected in the two groups 
in terms of immunological response. However,  in   IVIG KD patients the immuno-
genic response after vaccination is reduced, especially in the measles component 
that seems to be less immunogenic than mumps and rubella. 

 In patients who received one additional dose  of   IVIG because they did not 
respond to the fi rst infusion, a few data are available. Miura et al. studied the persis-
tence of measles antibody titers in six episodes of KD in 5 patients aged 4–28 
months without history of measles infection or vaccination who received additional 
infusion  of   IVIG with a total dose of 4 g/kg in fi ve episodes and 6 g/kg in one epi-
sode. Enzyme immunoassay antibody titers against measles tested 3 months after 
the  second   IVIG administration were still positive but negative in all 9 months after 
infusion. So, the authors suggest that an appropriate interval between infusion of 4 
g/kg of immunoglobulin and measles vaccination should be 9 months. The interval 
of 11 months recommended in the United States in all KD children who received 2 
g/kg is too longer than necessary. No studies have been performed in KD patients 
treated with steroids in addition  to   IVIG. 

 Patients who require long-term  aspirin   for persistent CAA should be considered 
for immunization with varicella zoster virus (VZV) vaccine in view of the associa-
tion of VZV and  aspirin   with Reye syndrome [ 35 ,  36 ].  

15.9        Kawasaki Disease and Atherosclerotic Risk 

 One of the most conceivable issues for long-term prognosis of KD is that the disease 
may represent a risk factor for atherosclerosis. KD is a severe systemic vasculitis 
and post infl ammatory vasculature may not return to normal. As atherosclerosis is 
an infl ammatory process, many similarities have been observed in post KD patients. 

 Numerous studies have focused on atherosclerosis in KD with confl icting results, 
and a direct evidence demonstrating that the disease induces atherosclerotic lesions 
is still lacking. 

 Ross et al. advocated the hypothesis that endothelial injury triggers endothelial 
dysfunction and both are responsible for early atherosclerosis in young adults with 
KD in infancy [ 37 ,  38 ]. 

  Fibroblast Growth Factor (FGF)   23 has been reported to infl uence endothelial 
integrity. A recent study detected that the intact serum FGF23 levels in children 
with KD were signifi cantly higher than in healthy controls, in particular in those 
with coronary artery injury, suggesting FGF23 as a marker evocative of cardiac 
complications. In addition, genetic variation in the FGF23 gene has been reported 
in a group of KD children with cardiac disease, and its correlation with the higher 
serum FGF23 levels that promote coronary artery damage [ 39 ,  40 ].  
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15.10        Kawasaki Disease and Vitamin D 

 Twenty-fi ve-hydroxyvitamin D (25(OH)-vitamin D) is crucial in the regulation of 
immunologic processes, but although its defi ciency has been reported in patients 
with different rheumatologic disorders, no data were available  for   Kawasaki disease 
(KD). Recently, serum levels of 25(OH)-vitamin D in children with KD and the 
relationship with the eventual occurrence of KD-related vascular abnormalities 
have been assessed.  Twenty (OH)-vitamin D   levels were measured in 79 children 
with KD (21 females, 58 males, median age 4.9 years, range 1.4–7.5 years) and 
compared with healthy sex-/age-matched controls. A signifi cantly higher percent-
age of KD patients (98.7 %) showed reduced 25(OH)-vitamin D levels (<30 ng/mL) 
in comparison with controls (78.6 %, p < 0.0001). Furthermore, KD patients had 
severely low levels of 25(OH)-vitamin D than controls (9.17 ± 4.94 vs 23.3 ± 10.6 
ng/mL, p < 0.0001), especially the subgroup who developed coronary artery abnor-
malities (4.92 ± 1.36 vs 9.41 ± 4.95 ng/mL, p < 0.0001). In addition, serum 25(OH)-
vitamin D levels correlated not only with erythrosedimentation rate (p < 0.0001), 
C-reactive protein (p < 0.0001), hemoglobin level at KD diagnosis (p < 0.0001) but 
also with both coronary artery aneurysms (p = 0.005) and non-aneurysmatic cardio-
vascular lesions (p < 0.05), supporting the hypothesis that the VITD may play a role 
in the development of vascular damage [ 41 ].  

15.11     KD and Adult Life 

 Among the big cohort of KD survivors, it is important to determine which patients 
have residual coronary abnormalities that are associated with late cardiovascular 
events. The grade level of initial coronary involvement must be considered: patients 
with giant aneurysms (8 mm), large aneurysms (6 to 8 mm), smaller aneurysms 
(persistent or regressed), and transient coronary dilation and without evident coro-
nary involvement at diagnosis. Persistent giant aneurysms are associated with a high 
risk for late complications, including thrombosis, stenosis, and calcifi cation, possi-
bly leading to myocardial infarction and major late mortality. Patients with large 
aneurysms may present coronary fi ndings later in life. There is general agreement 
that these require follow-up, testing, and management. Fortunately, individuals with 
residual giant or large aneurysms represent roughly 1 % of patients who have had 
KD.  Transthoracic echocardiography   remains the gold-standard for evaluation of 
coronary arteries in the acute phase and follow-up. In KD patients with severe vas-
cular complications, more costly and potentially invasive investigations such as 
coronary CT  angiography   and  MRI   maybe necessary. As children with KD with or 
without heart involvement become adolescents and adults, the recognition and treat-
ment of the potential long term sequelae become crucial, requiring that rheumatolo-
gists, infectious disease specialists, and cardiologists cooperate to develop specifi c 
guidelines for a proper evaluation and management of these patients. More 
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education is needed for physicians and other professionals about how to recognize 
the long-term impact of systemic problems related to KD [ 42 – 48 ].  

15.12     Future 

 A genetic contribution to the risk of KD is suggested by the much higher risk of the 
disease in Asian children, particularly the Japanese and Koreans, which persists 
when patients of these ethnicities migrate to other countries, from the increased 
relative risk to siblings of index cases compared with the general population, from 
twin studies and from well documented multicase families. In the future, studies 
need to be addressed to candidate genes, either as susceptibility genes for develop-
ing KD, or increasing risk of CAA [ 49 – 51 ].     
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    Chapter 16   
 Polyarteritis Nodosa                     

     Nicolò     Pipitone     and     Carlo     Salvarani    

    Abstract     Polyarteritis nodosa (PAN) is a rare vasculitis affecting middle-sized 
arteries. Its annual incidence in Europe is estimated to range between 0 and 1.6 
cases per million, while the prevalence is about 31 cases per million. The frequency 
of hepatitis B virus (HBV)-related PAN has declined in developed countries since 
vaccination against HBV has been implemented. Specifi cally, before vaccination 
against HBV was implemented on a large scale, more than one-third of adults with 
PAN were infected by HBV, whereas currently only 5 % of European adults with 
PAN are infected by HBV. PAN is usually considered an immune-complex-driven 
vasculitis. However, the evidence of abundant CD4+ T cells in vascular infl amma-
tory infi ltrates suggests that PAN may also be induced by a T-cell response. 
Clinically, PAN usually presents with constitutional manifestations as well as symp-
toms and signs related to the organs affected. Organ ischemia is thought to be due 
to vascular stenoses, while ruptured aneurysms can result in tissue hemorrhage. The 
most frequent clinical features include constitutional manifestations, myalgia, 
arthralgia, peripheral neuropathy and mononeuritis multiplex. There are no specifi c 
blood tests to diagnose PAN, but infl ammatory markers are typically elevated. 
Therefore, the diagnosis rests on histological changes in affected organs, showing a 
transmural vessel wall infi ltrate, or angiographic fi ndings, including small saccular 
or fusiform aneurysms and stenoses. Treatment includes glucocorticoids in patients 
without poor prognostic factors or cyclophosphamide if the disease is life- or 
organ-threatening.  
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16.1       History 

 The credit for describing the fi rst case  of   polyarteritis nodosa (PAN) is usually 
attributed to Kußmaul (a physician) and Maier (a pathologist), who reported a 
young man who looked severely ill and died shortly after his admission to the hos-
pital [ 1 ]. Autopsy revealed nodular arterial aneurysms and infl ammation of the 
adventitia, which prompted the authors to name the disease “periarteritis nodosa”. 
The term PAN was coined only two decades later by Ferrari [ 2 ], who demonstrated 
the involvement of multiple (“poly”) organs by nodular arterial aneurysms, while 
the fi rst mention of the term PAN in the English literature dates back to 1908 [ 3 ]. 
However, despite the relatively early recognition of PAN as a specifi c disease entity, 
over the following decades PAN was jumbled together with what we now call 
“   microscopic polyangiitis” (MPA), which was considered a variant (“the micro-
scopic form”) of PAN [ 4 ,  5 ].  

16.2     Classifi cation Criteria 

 In 1990, the American College of Rheumatology (ACR) developed classifi cation 
criteria for various vasculitides including PAN [ 6 ] (Table  16.1 ). These criteria have 
often been used in clinical practice to support the diagnosis of PAN, but were actu-
ally designed to discriminate between different types of vasculitides, but not to dis-
tinguish vasculitis from other disorders. Therefore, their performance crucially 
hinges on a high pre-test probability of patients having a vasculitis in the fi rst place. 
Further, the ACR panel did not consider at that time  MPA   as a condition different 
from PAN. The differentiation of PAN from  MPA   was made instead by the Chapel 
Hill consensus criteria (CHCC)   , which identifi ed ten distinct vasculitis entities and 
classifi ed them into three groups on the basis of the size of the vessels involved 
(small, medium, and large) [ 7 ]. According to the CHCC, the term PAN should be 
restricted to an arteritis involving medium-sized and small arteries without involve-
ment of smaller vessels. Therefore, patients with vasculitis affecting arterioles, 
venules, or capillaries, including glomerular capillaries (i.e., with glomerulonephri-
tis), were excluded from this diagnostic category. In contrast,  MPA   was defi ned as 
pauci-immune (i.e., few or no immune deposits) necrotizing vasculitis affecting 
small vessels, with or without involvement of medium-sized arteries.  The   CHCC 
defi nition had the merit of clearly separating out PAN from  MPA   on the basis of the 
absence of small vessels (arterioles, venules, and capillaries) in PAN, and small- 
vessel sparing has been retained as a key differential feature in the  revised   CHCC 
nomenclature published in 2013 [ 8 ]. On the other hand,  the   CHCC nomenclature is 
essentially based on histological features, and thus does not easily lend itself to clas-
sify PAN for clinical purposes. These shortcomings have led to subsequent efforts 
to provide more robust classifi cation criteria for both pediatric and adult PAN. On 
this line, in 2007, Watts et al proposed a diagnostic algorithm [ 9 ] which has later 
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been offi cially endorsed by the EMA (European Medicine Agency) to diagnose 
adult PAN (Table  16.2 ), while in 2010, the EULAR (European League Against 
Rheumatism), PRINTO (Pediatric Rheumatology International Trials Organization) 
and the PRES (Pediatric Rheumatology European Society) jointly published clas-
sifi cation criteria for childhood PAN [ 10 ] (Table  16.3 ). These criteria have under-
gone validation, and in particular the  EMA algorithm   has been shown to perform 
satisfactorily in clinical practice [ 11 ].

     Attempts have also been made to defi ne the so-called cutaneous form of PAN 
(shorthand cPAN, although in other contexts, quite confusingly, the abbreviation 
cPAN is sometimes used to denote childhood PAN or classical PAN, respectively). 
There is a broad agreement that cPAN is characterized by lesions limited to the skin 
without internal organ involvement, but it is often accepted that there may be con-
comitant involvement of muscles and peripheral nerves, if such an involvement is 
mild and transient [ 12 ], or if it occurs in the same areas affected by skin lesions [ 13 ]. 
Formal criteria to classify cPAN have been proposed, but not validated [ 13 ]. 

   Table 16.1    1990 ACR criteria for the classifi cation of polyarteritis nodosa   

 1. Weight loss >4 kg 
   Loss of 4 kg or more of body weight since illness began, not due to dieting or other factors 
 2.  Livedo reticularis   
   Mottled reticular pattern over the skin or portions of the extremities or torso 
 3. Testicular pain or tenderness 
   Pain or tenderness of the testicles, not due to infection, trauma, or other causes 
 4. Myalgias, weakness or leg tenderness 
   Diffuse myalgias (excluding shoulder and hip girdle) or weakness of muscles or tenderness of 

leg muscles 
 5. Mononeuropathy or polyneuropathy 
   Development of mononeuropathy, multiple mononeuropathies, or polyneuropathy 
 6. Diastolic BP >90 mm Hg 
   Development of hypertension with diastolic BP higher than 90 mm Hg 
 7. Elevated BUN or creatinine 
   Elevation of BUN >40 mg/dl or creatinine >1.5 mg/dl, not due to dehydration or obstruction 
 8. Hepatitis B  virus   
   Presence of hepatitis B surface antigen or antibody in serum 
 9. Arteriographic abnormalities 
   Arteriogram showing aneurysms or occlusions of the visceral arteries, not due to 

arteriosclerosis,  fi bromuscular dysplasia  , or other non-infl ammatory causes 
 10. Biopsy of small or medium-sized artery containing PMN 
   Histologic changes showing the presence of granulocytes or granulocytes and mononuclear 

leukocytes in the artery wall 

  Source: 1990 ACR Criteria For the Classifi cation  of   Polyarteritis Nodosa [ 6 ] 
 For classifi cation purposes, a patient shall be said to  have   polyarteritis nodosa if at least 3 of these 
10 criteria are present. The presence of any 3 or more criteria yields a sensitivity of 82.2 % and a 
specifi city of 86.6 %  
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 It is also recognized that some patients may present with isolated organ involve-
ment due to vasculitis histologically indistinguishable from PAN, eg of the calf 
muscles [ 14 ] or of the testis [ 15 ]; such forms are sometimes referred to as “isolated 
PAN”. Single-organ vasculitic involvement (eg of the gastrointestinal tract) has also 
been considered a limited form of PAN in the presence of the characteristic vascular 
changes of PAN ( ie   microaneurysms) on imaging [ 16 ]; however, in such cases the 
diagnosis of limited PAN requires exclusion of other disorders, because  microaneu-
rysm  s  per se  are not pathognomonic for PAN.  

16.3     Epidemiology 

 PAN is a very rare disease. Its annual incidence in Europe is estimated to range 
between 0 and 1.6 cases per million, while the prevalence is about 31 cases per mil-
lion [ 17 ,  18 ]. The aggressive campaign of vaccination  against   hepatitis B virus 

   Table 16.3    EULAR/PRINTO/PRES classifi cation criteria for childhood PAN [ 10 ]   

 Histopathology (necrotizing vasculitis in medium or small sized arteries) or angiographic 
abnormalities (aneurysm, stenosis or occlusion of medium or small sized arteries) (mandatory) 
plus one of the fi ve following criteria: 

 Skin involvement 
 Myalgia/muscle tenderness 
 Hypertension 
 Peripheral neuropathy 
 Renal involvement 

  For further details, please refer to [ 10 ]  

   Table 16.2     EMA algorithm   to diagnose vasculitis including PAN [ 9 ]   

 Three criteria must be fulfi lled to use this algorithm: (1) compatible clinical features, (2) at 
least one of the following: (a) histological evidence of vasculitis or of granuloma formation 
(within the wall of an artery or in the perivascular or extravascular area of an artery or 
arteriole), (b) positive  ANCA  , (c) eosinophilia (>10 % or >1.5 × 10 9 ), (d) specifi c 
investigations strongly suggestive of vasculitis and/or granuloma (e.g. EMG showing 
 mononeuritis multiplex  ), (3) exclusion of other conditions. 
   If fulfi lls the ACR  or   Lanham criteria  for   Churg-Strauss syndrome (CSS), diagnose as CSS. If 

not, proceed further. 
   Diagnose as Wegener granulomatosis (WG)  alias   granulomatosis with polyangiitis if: fulfi lls 

the ACR criteria for WG, has histology consistent with WG (   CHCC criteria), has histology 
consistent  with   CHCC  MPA   and WG surrogate markers, or if there is no histology but are 
positive WG surrogate markers plus anti-PR3 or anti-MPO, If not, proceed further. 

   Diagnose as  MPA   if clinical features and histology are consistent with small-vessel vasculitis 
and WG surrogate markers are negative, or if there is no histology, WG surrogate markers are 
negative but are positive surrogate markers for renal vasculitis and positive anti-PR3 or 
anti-MPO (includes renal limited vasculitis). If not, proceed further. 

   Diagnose as PAN if histology is compatible  with   CHCC PAN or there are typical 
angiographic features of PAN. If not, diagnose as “unclassifi able” 
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(HBV), a known trigger of PAN, may have contributed to lower the frequency of 
PAN [ 19 ]. Before vaccination against  HBV   was implemented on a large scale, more 
than one-third of adults with PAN were infected by  HBV  , whereas currently only 
5 % of European adults with PAN are infected by  HBV   [ 17 ]. 

 PAN can affect individuals of any age, gender, and race, with a peak occurrence 
in the fi fth to sixth decade of life (3996}.  

16.4     Pathogenesis 

 PAN has often been regarded as an immune-complex-driven vasculitis, not least 
because of the association with active  HBV   infection, which was supposed to result 
in the formation of pathogenic circulating HBsAg-antibody complexes [ 20 ]. 
However, the absence of glomerulonephritis (a typical immune-complex-driven 
condition) and the lack of complement consumption appear to militate against this 
hypothesis. An alternative hypothesis, based on the demonstration of abundant 
CD4+ T cells in vascular infl ammatory infi ltrates, posits a role for a T cell-mediated 
immune response [ 21 ].  HBV   is the most commonly identifi ed trigger of PAN, but 
other microorganisms, such as cytomegalovirus, hepatitis C virus (HCV), human 
immunodefi ciency virus (HIV) and Parvovirus B19 have occasionally been impli-
cated as etiological agents of PAN [ 21 ].  

16.5     Clinical Manifestations 

 PAN usually presents with constitutional manifestations as well as symptoms and 
signs related to the organs affected. Organ ischemia is thought to be due to vascular 
stenoses, while ruptured aneurysms can result in tissue hemorrhage [ 21 ]. The main 
clinical features of PAN are summarized in Table  16.4 .

  Table 16.4    Main clinical 
manifestations of PAN (% of 
patients) [ 22 ]  

 Constitutional manifestations  94 % 
 Myalgia  53 % 
 Arthralgia  52 % 
 Peripheral neuropathy  85 % 
  Mononeuritis multiplex    82 % 
 Skin nodules  6 % 
 Skin purpura  18 % 
 Livedo  11 % 
 Abdominal pain  50 % 
 Cardiomyopathy  13 % 

16 Polyarteritis Nodosa



194

16.6        Investigations 

 Laboratory tests usually reveal a systemic infl ammatory response (raised infl amma-
tory markers, chronic anemia, leukocytosis…) in PAN [ 22 ]. Anti-neutrophil cyto-
plasmic antibodies (ANCA)    are typically negative and are helpful in differentiating 
PAN from  MPA  , where ANCA (usually with a  p-ANCA   pattern) are detectable in 
about 75 % of patients.  HBV   or, less frequently, other microorganisms may be asso-
ciated with PAN. 

 Histology of active lesions characteristically shows a segmental necrotizing vas-
culitis with mixed infl ammatory infi ltrates (consisting in variable proportions of 
lymphocytes, macrophages, neutrophils and eosinophils) [ 23 ]. On the other hand, in 
chronic lesions,  neoangiogenesis  , fi brotic changes, and thrombosis may predomi-
nate [ 23 ]. Active and chronic lesions may at times coexist in the same specimen 
[ 23 ]. 

 Imaging is a key part of the work-up of PAN with suspected internal organ 
involvement, and is sometimes used as a surrogate of biopsy to support the diagno-
sis when biopsy is unfeasible or negative. Specifi cally,  angiography   is still consid-
ered the gold standard to demonstrate vascular changes in patients with manifestations 
suggestive of abdominal, renal or cardiac involvement. The typical vascular lesions 
of PAN are small (1–5 mm in diameter) saccular or fusiform aneurysms, but steno-
ses are also common. The kidney, mesenteric and hepatic arteries are prevalently 
affected. However, these lesions are not exclusive to PAN and must be interpreted 
in the broader clinical context. Imaging can also be used for monitoring response to 
therapy; regression of vascular lesions has been reported after successful medical 
treatment [ 24 ].  

16.7     Treatment 

 As a rule, the treatment of PAN should be tailored to its severity. In patients without 
poor prognostic factors (fi ve-factors score [ FFS  ] of 0) [ 25 ] (Table  16.5 )    glucocorti-
coids (GC) alone (usually prednisone 1 mg/kg/day tapering) may be used; however, 

   Table 16.5    Five-factors score [ 25 ]   

   Proteinuria >1 g/24 h 
   Serum creatinine > 140 μmol/L (1.58 mg/dl) 
   Cardiomyopathy, specifi c 
   GI involvement (specifi c): bleeding, perforation, closely spaced episodes of abdominal pain, 

and pancreatitis 
   CNS involvement, specifi c 

  Five-year mortality rate is: 12 % when the  FFS   = 0, when the FFS = 1 is 26 %, when the FFS ≥ 2 
is 46 %  
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relapsing patients may require additional immunosuppressive therapy ( azathioprine   
or  cyclophosphamide  ) [ 26 ]. In contrast, patients with poor prognostic factors ( FFS   
≥1) should receive immunosuppressive therapy (usually  cyclophosphamide  ) on top 
of GC [ 27 ]. Immunosuppressive therapy may also be warranted in patients with a 
 FFS   of 0, but with severe disease manifestations (eg severe peripheral neuropathy) 
not included in the  FFS   [ 28 ]. Whether biological agents may be of benefi t in severe 
or relapsing PAN remains at the present hypothetical. Another controversial issue is 
whether agents less toxic than  cyclophosphamide   (such as  methotrexate   and  aza-
thioprine  ) might be effective in maintaining remission [ 29 ].

   HBV-related PAN should be treated with antiviral agents [ 30 ]: among virological 
responders, PAN virtually never relapses [ 31 ]. A short course  of   glucocorticoids 
(GC) with or without  plasma exchange  s is also empirically advocated to curb 
infl ammation and clear immune-complexes [ 29 ,  30 ,  32 ]. 

 cPAN may not require aggressive treatment as it only exceptionally progresses to 
systemic (“classical”) PAN [ 29 ]. Non-steroidal anti-infl ammatory drugs and/or  col-
chicine   could suffi ce in mild cases, whereas a more aggressive approach may be 
required in relapsing cases [ 29 ] and probably in those with severe peripheral nerve 
involvement.     
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    Chapter 17   
 Anti-Glomerular Basement Membrane Disease                     

     Michele     Rossini    ,     Annamaria     Di Palma    ,     Vito     Racanelli    ,     Franco     Dammacco    , 
and     Loreto     Gesualdo    

    Abstract     Anti-glomerular basement membrane disease is a severe autoimmune 
disease caused by autoantibodies against epitopes on alpha 3 chains of type IV col-
lagen, found in the alveolar and glomerular basement membrane. It presents with 
renal failure often requiring dialysis and/or pulmonary symptoms due to alveolar 
hemorrhage that may be life threatening when massive. Diagnosis rely on recogni-
tion of anti-GBM antibodies at tissue level (often kidneys) and/or in the blood. 
Treatment is based on plasma exchange in order to remove autoantibodies from 
circulation and on immunosuppressive agents in order to reduce antibodies 
production.  

17.1       Introduction 

 Anti-glomerular basement membrane (GBM) disease is a rare, life threatening, 
severe autoimmune disease caused by autoantibodies that react with the  non- 
collagenous domain 1 (NC1)   of alpha 3 chain of type IV collagen ( Goodpasture’s 
antigen  ) [ 1 ,  2 ]. In the 2012 revised  international   Chapel Hill consensus conference 
nomenclature of vasculitides, anti-GBM disease is included in the small vessel vas-
culitides and is defi ned as a “vasculitis affecting glomerular capillaries, pulmonary 
capillaries, or both with GBM deposition of anti-GBM autoantibodies” [ 3 ]. The 
antigen is found in the basement membrane of lung (alveoli) and kidney (glomer-
uli). It is also expressed in the inner ear, eye, and choroid plexus. Patients affected 
by this condition often present with pulmonary symptoms, renal failure, or both. 
When the disease affects both lung and kidneys, the term  Goodpasture’s syndrome   
is used since E. Goodasture was the fi rst, in 1919, to report a case of a young man 
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who died after developing hemoptysis and renal failure with the autopsy fi ndings of 
pulmonary hemorrhage and glomerulonephritis (GN) with features of crescentic 
necrotizing GN [ 4 ]. However, since pulmonary-renal syndrome can recognize dif-
ferent etiologies, the eponym should be used only when this is caused by anti-GBM 
antibodies. The incidence of the disease ranges from 0.5 to 1 pmp per year [ 5 ] and 
genetic association with HLA- DRB* 1501    and   1502 has been reported [ 6 ,  7 ].  

17.2     Pathogenesis 

 The pathogenicity of anti-GBM antibodies is well documented in animal experi-
mental models [ 8 - 10 ] and in humans as well. Sera from patients with anti-GBM 
disease cause glomerulonehritis when injected in animals [ 11 ]. On the other hand, 
patients with  Alport syndrome   can experience an anti-GBM glomerulonephritis 
when receive a kidney transplant [ 12 ,  13 ]. Indeed, these patients lack normal  type 
IV collagen   since mutations in alpha 3, alpha 4 or alpha 5 chains of  type IV collagen   
found in Alport patients prevent normal collagen type IV assembly. Therefore the 
normal  type IV collagen   expressed in the transplanted kidney is regarded as a “not 
self” antigen by the immune system of the recipients and can trigger an immune 
response with anti-GBM production that can cause glomeulonephritis. 

 However, epitopes of the  Goodpasture’s antigen   are cryptic suggesting that other 
synergistic conditions that modify the basement membrane structures are necessary 
for the development of the disease. Exposure to cigarette smoking, inhaled cocaine, 
metal dusts, organic solvents, infections might damage alveolar capillary basement 
membrane resulting in the exposure of cryptic epitopes that are pathogenic [ 14 ]. 
Similarly, damage  in   glomerular basement membrane could result in the exposure 
of pathogenic epitopes in kidney. Indeed an association between shock wave litho-
tripsy and anti-GBM have been described [ 15 ,  16 ]. Presence of pre-existing anti-
bodies against GBM and afterwards development of disease has been documented 
[ 17 ]. In a study on sera obtained from 30 patients prior to the onset of disease from 
the Department of Defense Serum Repository and compared with 30 matched 
healthy controls, low detectable anti-GBM antibody levels in a single serum sample 
before diagnosis were found more frequently in cases than controls (70 % versus 17 
%, p < 0.001). Only patients had detectable anti-GBM levels in multiple samples 
before diagnosis (50 % versus 0 %, P < 0.001). 

 A genetic background appears to play a role as predisposing factor for anti-GBM 
disease. This is supported by the strong association between certain alleles of HLA 
DR and DQ antigens and the disease [ 18 ]. 

 The deposited anti-GBM antibodies are predominantly IgG1, complement fi xing 
and activate complement mainly by the classical pathway triggering a neutrophil 
dependent infl ammation. There is, however, emerging evidence that also T-cells 
might play a role in the pathogenesis of the disease. It has been shown in  animal 
models   that immunization with T-cell  Goodpasture’s antigen   epitope can cause an 
active glomerulonephritis in rats [ 19 ].  
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17.3     Clinical Presentation 

 Renal involvement is usually characterized by rapidly progressive renal failure with 
oligoanuria often requiring hemodialysis [ 20 ]. Oligoanuria at the time of presenta-
tion has been shown the strongest predictor of patient survival, followed by older 
age, in a recently published case series [ 20 ]. Macroscopic hematuria is also fre-
quent. Microscopic hematuria is present in almost all cases with a small amount of 
proteinuria. Nephrotic range proteinuria is rare. Pulmonary involvement is present 
in the 60 % of cases with alveolar hemorrhage. Pulmonary symptoms include 
hemoptysis, cough, hypoxia, and dyspnea. Chest X-ray can usually show diffuse 
infi ltrates. When pulmonary massive hemorrhage occurs, respiratory failure can 
lead to death in a short period of time. Lung and kidney involvement are not neces-
sarily present together or at the same time. Other symptoms include anemia, fatigue, 
weight loss and may be related to hemorrhage, renal failure, and infl ammation.  

17.4     Diagnosis 

 The renal biopsy shows a picture of  crescentic   necrotizing glomerulonephritis. The 
glomerular involvement is usually diffuse involving frequently more than 80 % of 
glomeruli sampled (Fig.  17.1 ). Direct immunofl uorescence testing using anti-IgG 
sera shows a linear IgG staining along glomerular and, sometimes, tubular basement 
membranes (Fig.  17.2 ). Electron microscopy of renal tissues sample does not show 
deposits. Renal biopsy plays a crucial role not only in the diagnosis, given that the 
percentage of glomeruli affected predict renal response to treatment strategies.

    Anti-GBM antibodies can be detected in sera of patients with different method-
ologies. Indirect immunofl uorescence can be used to detect anti-GBM in patient’s 

  Fig. 17.1    A glomerulus 
showing  fi brinoid necrosis   
and a cellular crescent 
(Jones’ silver stain x400)       

 

17 Anti-Glomerular Basement Membrane Disease



200

serum utilizing sections of normal kidney as substrate. However, there are several 
ELISA kits commercially available that are widely used. Anti-GBM should always 
be tested along with c/p  ANCA   and anti-PR3 and ANTI-MPO antibodies since 
there is a 20–30 % of patients who might also be ANCA-positive.  

17.5     Treatment 

 Given the aggressive nature of the disease, an adequate treatment has to be estab-
lished as soon as possible. 

 Anti-GBM disease is treated with a variable combination of  plasma exchange  , 
high doses of corticosteroids and immunosuppressive drugs [ 21 – 23 ]. 

 Plasmapheresis is able to remove from circulation anti-GBM antibodies. In the 
only controlled clinical trial available [ 21 ], 17 patients were divided into two groups 
of 9 patients receiving prednisone and  cyclophosphamide   alone and 8 patients 
treated with prednisone,  cyclophosphamide   and  plasma exchange  . In the fi rst group 
6 of the 9 patients remained on dialysis while only 2 of the 8 patients treated with 
plasmapheresis were dialysis dependent after treatment. According to the American 
Society For Apheresis (ASFA) guidelines, all patients with diffuse alveolar hemor-
rhage and those that are not dialysis dependent should receive  plasma exchange   for 
at least 14 days or until antibodies become undetectable [ 22 ]. Volume treated in 
every session should be 1–1.5 the total plasma volume, with a daily or every other 
day frequency. Replacement fl uid can be albumin or plasma, especially if hemor-
rhage is present or invasive diagnostic procedure (e.g. a renal biopsy) are planned. 
With the introduction of  plasma exchange   an improvement in mortality and renal 
survival rates compared to historical series has been observed. 

 While  plasma exchange   assures fast removal of antibodies from blood, immu-
nossupressive agents reduce antibody formation. Steroids are given initially intrave-

  Fig. 17.2    Strong linear 
IgG staining along 
glomerular basement 
membrane (anti-IgG x400)       
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nously at high doses (usually methylprednisolone 1,000 mg/day for 3 consecutive 
days followed by 1 mg/kg/day up to 60–80 mg/day). Cyclophosphamide is given 
orally at doses of 2 mg/kg/day or intravenously with pulses of 500–1,000 mg every 
2–3 weeks. In most of the reports with long follow-up period after an induction 
phase of 2–3 weeks plasmapheresis and 3 months treatment with steroids and cyclo-
phosphamide, steroids alone were administered for 6–9 months [ 23 ]. 

 Several case reports show that anti-CD20 therapy with  rituximab   can be success-
fully used in patients with anti-GBM disease [ 24 ]. This could represent a therapeu-
tic option in patients who develop side effects for or that are ineligible to 
cyclophosphamide. 

 The degree of renal injury and the levels of serum creatinine at the time of treat-
ment are best predictors of outcome [ 23 ]. In a study of 71 patients treated with 
corticosteroids,  cyclophosphamide   and  plasma exchange  , patients who presented 
with a creatinine concentration less than 5.7 mg/dL had 100 % patient survival and 
95 % renal survival at 1 year. Patients presenting with a creatinine concentration 
higher than 5.7 mg/dL not requiring immediate dialysis, had patient and renal sur-
vival of 83 % and 82 % at 1 year respectively. In patients who presented with 
dialysis- dependent renal failure patient and renal survival were 65 % and 8 % at 
1 year. 

 After remission of the fi rst acute episode, recurrence is uncommon but might 
happen even many years later [ 25 ]. Anti-GBM disease can recur after renal trans-
plant although the recurrence is uncommon if the transplant is performed after the 
disappearance of antibodies from circulation [ 26 ].     
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    Chapter 18   
 IgA Vasculitis                     

     Roberta     Fenoglio     and     Dario     Roccatello    

    Abstract     Henoch-Schonlein purpura (HSP), recently re-named IgA vasculitis, is a 
systemic small vessel vasculitis with immunoglobulin (Ig) A1-dominant immune 
deposits. The disease is characterized by a tetrad of clinical manifestations: palpable 
purpuric rash, arthralgia/arthritis, gastrointestinal symptoms (i.e., abdominal pain, 
gastrointestinal bleeding), but any organ may be involved. It is considered a form of 
immune complex-mediated vasculitis, but the etiopathogenesis is not yet com-
pletely understood. 

 The goals of treating HSP are typically to ameliorate acute symptoms, mitigate 
short-term morbidity and prevent chronic renal insuffi ciency. Corticosteroids and 
immunosuppressive agents have been postulated to be effective, but their role 
remains controversial. The effi cacy of Rituximab in adult with IgA vasculitis has 
been reported in few cases.  

  Keywords     IgA vasculitis   •   Leukocytoclastic vasculitis   •   Henoch-Schoenlein pur-
pura nephritis   •   Henoch-Schoenlein treatment   •   Rituximab  

18.1       Introduction and Epidemiology 

 Henoch-Schonlein purpura (HSP), also called IgA vasculitis (IgAV) is a systemic 
small vessel  vasculitis   with immunoglobulin (Ig) A1-dominant immune deposits. 
The disease is characterized by a tetrad of clinical manifestations: palpable purpuric 
rash, arthralgia/arthritis, gastrointestinal symptoms (i.e., abdominal pain, gastroin-
testinal bleeding) and renal disease. However, any organ may be involved as a result 
of systemic  leukocytoclastic vasculitis  . 

 Unlike many other forms of vasculitis, IgAV is self-limited in most cases (gener-
ally < 5 weeks). HSP primarily affects children; 90 % of patients are under 10 years 
of age. The annual incidence of HSP in children is estimated to be 15–20 
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cases/100,000/year, while the disease is less common in adults and has an incidence 
of 1.3 cases/100,000/year. There is a male predominance (2 M:1 F). Previous epide-
miological studies have found striking seasonal variations in HSP, with a prevalence 
of cases in the autumn and winter.  

18.2     Etiopathogenesis 

 Although a variety of chemical and infectious triggers are well-known, the detailed 
pathogenetic mechanisms of IgAV have not been completely defi ned. The most 
common scenario comprises an abnormal infl ammatory process deriving from 
immune reactions to various antigenic stimuli, which may be bacterial, viral, or 
caused by parasitic agents in a genetically prone individual. Then, a peculiar 
immune complex deposition in the vascular walls and overproduction of various 
proinfl ammatory molecules elicit clinical signs, which may be differentiated accord-
ing to either a specifi c trigger or a specifi c genetic make-up. Genetic, immunologic 
and environmental factors all seem to play a role [ 1 ]. 

 Acquired factors appear to be determinant, and several lines of evidence support 
that HSP may have an infectious origin. No consistent causative agent has been 
identifi ed, and IgAV has been linked to a wide array of pathogens, including bacte-
ria, viruses and parasites. Therefore, there may not be one specifi c microorganism 
triggering HSP, and it may not simply be limited to an agent penetrating the body 
through the respiratory or gastrointestinal mucosal surfaces [ 2 ]. IgAV may also be 
related to exposure to pharmacological agents (antibiotics, chemotherapeutics) or 
vaccine antigens. 

  Genetic Susceptibility     Several predisposing or protective susceptibility loci 
within and outside the human leukocyte antigen (HLA) region have been identifi ed, 
thus supporting the role played by genetics in IgAV.  HLA B35   has been associated 
with an increased risk of nephritis in patients with IgAV.  HLA DRB1*01  , DRB1*11 
and  HLA DRB1*14   also seem to increase susceptibility to glomerulonephritis. 
 HLA-DRB1*07   was found to have a protective effect in some populations. Whether 
HLA polymorphisms are also involved in the severity of the disease remains contro-
versial. Recent studies have focused on polymorphisms of genes encoding proin-
fl ammatory  adhesion molecules   associated  with   endothelial cell activation, i.e., 
TNFα, IL1β, IL8,    TGFβ and  VEGF   [ 3 ]. Patients with HSP Nephritis (HSPN) show 
higher blood and urinary leukotriene B 4  (LTB 4 ) levels and lower lipoxin A 4  (LXA 4 ) 
levels as compared to patients without HSPN, which is consistent with this associa-
tion [ 4 ]. Indeed, both recruitment of neutrophils and chemotaxis are activated by 
LTB 4  and are inhibited by LXA 4 . Some other studies established a link between 
IgAV and mutations in the familial Mediterranean fever (MEFV) gene.  

  Abnormalities in IgA 1  Glycosylation     An increased plasma IgA level alone is not 
enough to produce mesangial IgA deposits. Patients with IgAV must produce 

R. Fenoglio and D. Roccatello



205

 circulating IgA molecules with special characteristics. Over 15 years ago an excess 
of poorly galactosylated IgA1 was found to be present both in the serum and in the 
glomerular immune deposits of patients with IgA-Nephropathy (IgAN) and HSPN. 
 Galactose-defi cient IgA1 (Gd-IgA1)   is currently believed to play a pivotal role in 
the pathogenesis of both IgA nephropathy and Henoch–Schönlein  purpura   
nephritis.  

 IgA1 contains a 17 amino-acid hinge region which undergoes co/post transla-
tional modifi cation by the addition of up to six O-glycan chains. These chains com-
prise N-acetylgalactosamine (GAlNAc) in O-linkage with either serine or threonine 
residues. Galactose may be β1,3-linked to Ga1NAc by the enzyme C1GalT1. Both 
the galactose residue and the GalNAc may be sialylated [ 5 ]. Studies on immortal-
ized circulating B cells from patients with IgAN have suggested decreased β1,3- 
galactosyltransferase enzyme activity that could result in impaired galactosylation 
of the core GalNaC residues [ 6 ] and an aberrantly exposed GalNac moiety. Both 
genetic abnormalities in enzyme structure or function, and acquired perturbations 
due to microenvironmental infl uences on IgA1 1  maturation might contribute to the 
defective enzymatic glycosylation of GalNac. An alternative explanation for the 
apparent excess of undergalactosylated IgA1in the circulation of IgAN patients 
could be that, unlike the response to systemic antigen challenge, the immune 
response to mucosal antigens is characterized by mucosally derived, relatively 
galactose-defi cient IgA1[ 7 ]. 

 Underglycosylation makes the IgA1 molecule susceptible to autoaggregation, 
thus forming molecular species whose properties resemble “immune complexes” in 
the circulation. Galactose-defi cient IgA1 is also the target of an “autoimmune” 
response carried out both by IgA and IgG antibodies, thus forming galactose-
defi cient IgA1/IgA1 and galactose-defi cient IgA1/IgG immune complexes [ 8 ]. An 
alternative concept has been proposed which states the increase in plasma levels of 
galactose defi cient IgA1 is not the result of an aberrant B cell production of IgA1 
but rather, is due to an aberrant distribution. Galactose-defi cient IgA1 has a ten-
dency to bind to a variety of glycoproteins including constituents of normal glom-
eruli thus leading to “planted” antigens which promote  in situ  immune complex 
formation. Moreover, desialysation enables IgA to activate complement through a 
C4-independent, alternative complement pathway, thus promoting deposition and 
assembly of the membrane attack complex. 

 Removal of immune complexes from circulation is delayed in HSP. Hepatic 
Ashwell Morell receptors, originally named asialoglycoprotein receptors (ASGPRs), 
represent a major pathway of IgA catabolism. Undergalactosylated IgA1 could 
make the normally expressed ASGPRs unable to remove IgA1 aggregates or IgA1 
immune complexes. Aberrantly glycosylated IgA1 has also been thought to form 
immune complexes that are too large to enter the space of Disse and reach the 
ASGPRs [ 9 ]. Other removal pathways include macrophage Fc alfa receptors 
(FcαR). FcαR expression on phagocytes is decreased in IgAN-patients, possibly 
due to continuous receptor occupation resulting in receptor down-regulation or 
shedding [ 10 ]. 
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 In adults, drugs, toxins, vaccinations, insect bites and food allergies may be the 
primary predisposing factors for HSP. Infection may trigger autoimmune responses 
favoring the appearance of circulating IgA1 immune complexes [ 8 ]. A mechanism 
of  molecular mimicry   has also been postulated [ 11 ] The conformation of GalNac, 
which is exposed in galactose-defi cient IgA1, is similar to some bacterial and viral 
epitopes. This reaction could be broadened through intramolecular and intermolec-
ular epitope “spreading” where the primary response against the dominant initiating 
epitope extends to other epitopes within the same molecule or among different mol-
ecules. Currently, one particular area of interest is the role  of   Toll-like receptors 
(TLRs) in driving IgA synthesis and perhaps even modifying glycosyltransferase 
activity. Expression  of   TLR 4, whose activation is associated with bacterial lipo-
polysaccharides, is enhanced in IgAN. 

 These data suggest that abnormal IgA1 aggregates and IgA1 immune complexes 
can escape the physiologic removal systems. Immune complex deposition occurs 
through a combination of mesangial trapping and increased affi nity of poorly galac-
tosylated IgA1 to extracellular matrix components including fi bronectin and  type 
IV collagen  . Subsequent events include complement activation via the alternative 
and mannose binding lectin pathways and release cytokines that lead to glomerular 
hypercellularity, matrix production, podocyte injury and scarring.  

18.3     Diagnostic Criteria of HSP and Clinical Manifestations 

 There are no disease-specifi c laboratory abnormalities; the diagnosis of IgA vascu-
litis is currently based on symptoms, signs and histopathological fi ndings. IgAV 
was fi rst described in 1837 by Schonlein who defi ned the disease as a triad of pur-
puric rash, arthritis and abnormalities of the urinary sediment. Later (1874), Henoch 
described the association of purpuric rash, abdominal pain with bloody diarrhea, 
and proteinuria. More recently, several sets of diagnostic criteria for IgAV have 
been proposed (Table  18.1 ). The diagnostic criteria have high sensitivity/specifi city 
and allow a diagnosis to be made in most patients. However, making a diagnosis can 
be diffi cult in the presence of atypical presentation [ 12 ].

   In adults the clinical features do not completely overlap those of children (Table 
 18.2 ). At symptom onset, adults have a lower frequency of abdominal pain and 
fever, and a higher frequency of joint symptoms. During the clinical course, one of 
the main differences is an increased risk for developing signifi cant renal involve-
ment and end-stage kidney disease. In a previous retrospective study, a cohort of 
250 adults suffering from HSP was analyzed (follow-up 14.8 years). Eleven percent 
of patients reached end-stage kidney disease, 13 % exhibited severe renal failure 
and 14 % showed moderate renal failure. Clinical remission was achieved in only 
20 % of subjects. Renal function impairment and proteinuria levels at presentation, 
a signifi cant degree of interstitial fi brosis, the presence of glomeruli with  fi brinoid 
necrosis   and a high percentage of sclerotic glomeruli were all associated with a poor 
renal prognosis [ 13 ].
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   The diagnosis is straightforward when there is a classical presentation, especially 
 palpable purpura   of the lower extremities, but a skin biopsy is often needed in order 
to make a certain diagnosis. Maculopapular, urticarial or vescicular lesions may 
precede or occur together with  palpable purpura  . The characteristic rash which 
appears in nearly all patients is the expression of  leukocytoclastic vasculitis  . Skin 
biopsy shows  fi brinoid necrosis   of the wall vessels and perivascular accumulation of 
infl ammatory infi ltrate consisting predominantly of neutrophils and eosinophils 

   Table 18.1    Classifi cation criteria for HSP diagnosis   

 Classifi cation  Diagnostic criteria 

 ACR 1990  ≥2 of the following: 
 (1)  Palpable purpura  , not thrombocytopenic 
 (2) Bowel angina 
 (3) Wall granulocytes on biopsy 
 (4) Age ≤20 years at disease onset 

 Michel et al. 1992  ≥ 3 of the following: HSP; ≤2 of the following HV: 
 (1)  Palpable purpura  , not thrombocytopenic 
 (2) Bowel angina 
 (3) Gastrointestinal bleeding 
 (4) Hematuria 
 (5) Age ≤20 years at disease onset 
 (6) No history of medication intake at disease onset 

    CHCC 1994  Vasculitis, with IgA-dominant immune deposits, affecting 
small vessels (i.e., capillaries, venules, or arterioles); 
typically involves skin, gut, and glomeruli and is associated 
with arthralgias or arthritis 

 Helander et al. 1995   Palpable purpura   not thrombocytopenic with LCV + ≥ 3 of 
the following: 
 (1) IgA vascular deposition 
 (2) Age ≤20 years at disease onset 
 (3) Gastrointestinal involvement 
 (4) Upper respiratory tract infection prodrome 
 (5) Mesangioproliferative glomerulonephritis with or without 
IgA deposition 

 EULAR/PRINTO/PRES (2010)   Palpable purpura   not thrombocytopenic/petechiae 
(mandatory) +1 of the following: 
 (1) Diffuse abdominal pain 
 (2) Histopathology: typical LCV with predominant IgA 
deposits or proliferative glomerulonrphritis with predominant 
IgA deposits 
 (3) Arthritis or Arthralgias 
 (4) Renal involvement (Pto: &gt;0.3 g/24 h or &gt;30 mmol/
mg of urine albumin to creatinine ratio on a spot morning 
sample; and/or hematuria, red blood cell casts: &gt;5 red 
cells per high power fi eld or ≥2 + on dipstick or red blood 
cell casts in the urinary sediment) 
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 surrounding the capillaries and the postcapillary venules of the dermis (Fig.  18.1 ). 
Direct immunofl uorescence showing dermal granular IgA deposition in the wall of 
the superfi cial dermis arterioles is pathognomonic of IgAV [ 14 ]. The biopsy should 
be performed within 24 h of the onset of the rash because in chronic lesions, vessel 
damage leads to nonspecifi c leakage of all isotypes of immunoglobulin.

   Gastrointestinal involvement is a typical feature of IgAV and occurs in about 
48 % of patients [ 15 ]. The most common presentation is colicky pain or bleeding. 
 Leukocytoclastic vasculitis   accompanying IgA deposits (even in the digestive tract) 
has been reported in HSP. 

 Renal impairment, which is the most severe complication, ranges from micro-
scopic hematuria to nephrotic syndrome. The most frequently observed pathology 
is mesangial or endocapillary proliferative glomerulonephritis. The classifi cation of 
pathologic glomerular changes in HSPN is based on endocapillary and extracapil-
lary infl ammation of the glomerulus. Crescents are present in more than 50 % of 
patients. Predominant IgA deposits are observed in the mesangium of all glomeruli 
in HSPN (Fig.  18.2 ). Capillary wall staining for IgA is more frequently found in 
HSPN and may even predominate on mesangial IgA (Fig.  18.2 ).

   Unusual presentations include pulmonary involvement (alveolar hemorrhage, 
interstitial pneumonia or fi brosis) and central and/or peripheral nervous system 
involvement.  

18.4     Laboratory Test Biomarkers for HSP Diagnosis 

 There are currently no existing diagnostic laboratory tests for HSP. Serum IgA lev-
els are reportedly elevated in 50–70 % of patients with IgAV. Findings on routine 
blood tests are non specifi c and often refl ect the triggering condition. Patients may 
have normochromic anemia because of gastrointestinal bleeding. Serum creatinine 

  Table 18.2    Main clinical 
manifestations in children 
and adults  

 Children (1)  Adults (2–3–4) 

 Purpura  100 %  96 % 
 Arthritis  75 %  61 % 
 Abdominal pain  65 %  65 % 
 Gastrointestinal 
bleeding 

 35 % 

 Glomerulonephritis  40 %  40 % 
   Microhematuria  40 %  85 % 
   Macrohematuria  10 %  10 % 
   Proteinuria  25 %  – 
   Nephrotic proteinuria  –  28 % 
   CKD  –  32 % 
 End stage kidney 
disease 

 1 %  11 % 
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should be evaluated in adults because of the increased risk of renal disease. Although 
some proinfl ammatory cytokines and chemokines are elevated in the acute phase 
[ 16 ], these laboratory abnormalities are not specifi c for IgAV. Urinalysis should be 
carried out in all patients because the results refl ect the degree of renal involvement; 
the fi ndings include evidence of red-white cell cellular casts and proteinuria. Urinary 
screening is recommended for 3–6 months after the onset (renal involvement 
decreases signifi cantly after 3 months).  

18.5     Therapy 

 The goals of treating HSP are typically to ameliorate acute symptoms, mitigate 
short-term morbidity and prevent chronic renal insuffi ciency. However, some 
patients receive only supportive therapy. Since IgAV is characterized by leukocyte 
infi ltration of the blood vessel walls along with immunoglobulin A deposition 
(resulting in vascular injury and necrosis), and since corticosteroids inhibit infl am-
matory processes, early treatment with corticosteroids has been postulated to be 

  Fig. 18.1    Skin biopsy. 
Superfi cial dermal vessels 
showing infl ammatory 
infi ltrate consisting 
predominantly of 
neutrophils ( upper panel ). 
Destruction of the vessel 
wall and dissemination of 
 nuclear debris  from 
leukocytes which confers 
the  leukocytoclastic  
characteristics to the 
vasculitis ( lower panel )       
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effective for all three therapeutic goals, but much controversy still remains. There is 
suggestive evidence  that   glucocorticoids reduce the severity and enhance the rate of 
resolution of extrarenal symptoms, most notably arthritis and abdominal pain and 
swelling. Though this therapy provides symptomatic relief, there would appear to 
be no long-term benefi ts in using steroids in terms of shortening the overall length 
of the illness, or in reducing recurrences and progression of HSN or preventing 
renal involvement. Immunosuppressive agents (including  Azathioprine  , 
 Cyclophosphamide  , Cyclosporine, Mycophenolate) have been used in combination 
with corticosteroids with variable results. 

 Specifi c treatment of HSP nephritis should be considered in patients with marked 
proteinuria and/or impaired renal function during the acute event. Although nephri-
tis is the most serious long-term complication of IgAV, few data are available to 
determine the best treatment. There are not robust evidence from controlled trials 

  Fig. 18.2    Kidney biopsy. 
Deposition of IgA 
immunoglobulin in the 
mesangium ( upper panel ) 
and within mesangium and 
( lower panel ) along 
capillary membrane 
(original magnifi cation 
400×)       
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that therapy with conventional doses  of   glucocorticoids has any benefi cial effects in 
patients with renal involvement [ 17 ]. Limited data suggest that cyclosporine may be 
benefi cial in patients with HSP and severe proteinuria [ 18 ]. Plasmapheresis, alone 
or in conjunction with immunosuppressive agents, has also been used in patients 
with severe, usually crescentic, renal involvement. The data on the benefi cial effects 
of mycophenolate  mofetil   and  rituximab   are encouraging, but limited. We also 
observed promising clinical results in a monocentric experience on the use of 
 Rituximab   in 5 adult IgA-vasculitis with biopsy-proven nephritis. The patients 
achieved a complete remission of nephritis and syndromic manifestations, without 
clinically relevant adverse reactions (paper submitted).     
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    Chapter 19   
 Systemic Vasculitis and Pregnancy                     

     Maria     Grazia     Lazzaroni    ,     Micaela     Fredi    ,     Sonia     Zatti    ,     Andrea     Lojacono    , 
and     Angela     Tincani    

    Abstract     Systemic Vasculitides (SV) are rare diseases and, unlike other rheumatic 
diseases, do not preferentially affect women during their childbearing age (with the 
exception of Takayasu arteritis and Behcet’s disease), so that pregnancy in these 
patients is still an uncommon event. In the last decades, the improvement in diagno-
sis and management of SV determined a reduction in mortality and morbidity of 
these patients; the consequent improvement in quality of life includes for young 
women the possibility to carry out one or more pregnancies. Some general guide-
lines for the management of patients with vasculitis during pregnancy can be sug-
gested: (1) pregnancy in such patients must be followed by a multispecialistic team; 
(2) pregnancies should be planned when the disease is in remission; (3) fl ares of 
maternal disease during pregnancy should be promptly and aggressively treated, 
because active disease can cause pregnancy complications; (4) pregnancies compli-
cated by the onset of vasculitis have a particularly severe prognosis, therefore effi -
cient management and close clinical surveillance are indicated; (5) a revision of 
therapy must be performed for all female patients that ask for a pregnancy.  

   Systemic Vasculitides (SV) are rare diseases and, unlike other rheumatic diseases, 
do not preferentially affect women during their childbearing age (with the exception 
of Takayasu arteritis and Behcet’s disease), so that pregnancy in these patients is 
still an uncommon event. In the last decades, the improvement in diagnosis and 
management of SV determined a reduction in mortality and morbidity of these 
patients; the consequent improvement in quality of life could include for young 
women the possibility to carry out one or more pregnancies. Gestation in women 
with vasculitis requires a constant and careful management by  Rheumatologists/
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Internists and Obstetricians, Neonatologists and also other medical specialties (i.e. 
nephrology) when indicated [ 1 ] to increase the possibilities of success. In fact, 
pregnancy- related modifi cations (immunological, cardiovascular and thrombo-
philic) can affect the course of the disease and the pregnancy outcome. 

 Preconception counseling is crucial for any patient with connective tissue dis-
ease in order to estimate the chance of both fetal and maternal problems, related to 
either disease activity or organ involvement, as contraindication to pregnancy. In 
particular, special attention should be given to cardiac or renal impairment, arterial 
hypertension, refractory asthma and tracheal stenosis, which can affect the course 
of the pregnancy and/or delivery [ 2 ]. Careful consideration must also be given to 
other common epidemiological risk factors that are relevant to any pregnancy as 
age, tobacco use, low or excess weight, arterial hypertension, diabetes mellitus, 
previous obstetric history. 

 When talking about her productive plans, any patient will ask questions concern-
ing their health and offsprings’ health. Therefore, the following issues must be dis-
cussed with patients who desire a pregnancy:

 –    Disease activity during pregnancy and post-partum period and the possible 
effects on fetal outcome;  

 –   Therapies compatible or not with pregnancy, and which therapy should be used 
during pregnancy if needed.    

 Patients with a recent onset of vasculitis, with uncontrolled active disease or with 
irreversible damage should be discouraged on conception. 

 In fact there is a general agreement that a pregnancy in patients with SV, as well 
as for the other systemic autoimmune diseases, should be planned only when the 
maternal disease is in sustained remission (at least 6 months) or minimal disease 
activity. 

 One of the most critical issue in the management of a pregnancy is to choose or 
modify the medication in order to treat the mother without harming the fetus. In 
fact, women who plan a pregnancy often stop taking medications out of fear of 
harming the fetus. However, the withdrawal of effective therapy may result in a fl are 
of maternal disease. Therefore adjustment or change of medication must be dis-
cussed with any patient that asks for pregnancy. 

 Most of the medications regularly used to treat vasculitis are contraindicated dur-
ing pregnancy, with the exception of corticosteroids, antimalarial drugs, cyclospo-
rine,  azathioprine    and   intravenous immunoglobulins [ 3 ]. Other drugs commonly 
used, such as  Cyclophosphamide   (CYC),  Methotrexate   or Mycophenolate Mofetile 
are contraindicated because mutagenic and/or embriotoxic and must be suspended 
3–6 months before conception. 

 Special attention must be given to patients currently or previously treated with 
CYC: this drug is associated with high risk of inducing infertility or subfertility, 
a risk that is related to the cumulative dose received and to the age of the patient 
[ 4 ,  5 ]. 

 Protection of ovarian function may be provided by treatment with analogues of 
gonadotropin-releasing hormone as leuprolide acetate for depot suspension; in this 
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way menstrual cycles could be blocked and CYC diffusion into ovaries limited, 
preserving ovarian function [ 6 ]. 

 Concerning biological agents, data on the use of  TNF   blockers and  Rituximab   
during pregnancy are limited and the majority come from single reports or limited 
case series; however it is reassuring to note that the number of reported successful 
pregnancies with such treatment is increasing [ 7 ]. 

 As we explained above, SV women who start a pregnancy in a period of stable 
remission or minimal disease activity are less likely to fl are during gestation. 
However, there is still the risk of a new fl are, that can be treated according to the 
severity of the manifestations. Patients who experienced a mild reactivation can be 
treated with low-medium dose oral steroids. On the other side, in case of severe or 
life-treathening manifestations more potent immunosuppressants may be carefully 
used, as pulse intravenous steroids, intravenous immunoglobulins,  azathioprine  , 
cyclosporine, and in the second and third trimester also intravenous CYC [ 1 ,  8 ]. 
Intravenous corticosteroids are fl uorinate compounds that reach the fetus and are 
capable of potential severe side effects as sudden hypertension and potential placen-
tal ischemia. 

19.1     Large-Vessel Vasculitis 

19.1.1     Takayasu Arteritis 

 Takayasu arteritis (TA) is a chronic, infl ammatory, SV that predominantly involves 
large vessels, in particular the aorta and its main branches. Infl ammation can cause 
wall thickening with stenosis or occlusion of the lumen, while the impairment of the 
media can determine aneurysm formation. 

 This type of vasculitis preferentially affects young women in their child-bearing 
age, therefore is not uncommon to observe a pregnancy in a woman diagnosed with 
TA. In fact the literature about pregnancy and TA accounts for a large number of 
cases in the fi eld of pregnancies in SV, reaching now 388 pregnancies [ 2 ,  9 - 17 ]. 

 According to the current literature, the most frequent obstetrical complications 
are related with hypertension, including new onset or worsening of pre-existent 
hypertension and/or pre-eclampsia. In a systematic review [ 2 ] and in the largest 
single-center series [ 12 ] the rate of these complications was around 45 % of preg-
nant women with TA. 

 Consequently, other frequent complications observed are intrauterine growth 
restriction (IUGR) and neonatal low birth weight, that have been reported with a 
frequency that varies from 0 to 20 % [ 2 ,  9 ,  10 ,  12 ,  16 ]. The higher rate of low birth 
weight is consistent with the increase of  preterm delivery  , that has been observed in 
variable rates from 8 to 50 % [ 9 ,  10 ,  12 ,  16 ], and was estimated about 23 % in a 
systematic review [ 2 ]. 

 Notably some authors [ 10 ,  18 ,  19 ] have described a relationship between these 
complications and the involvement of renal arteries. Some Authors have suggested 
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that an angioplastic surgery of renal arteries stenosis before pregnancy should be 
considered to improve the subsequent pregnancy outcome [ 20 ]. 

 Disease fl are was described as very infrequent (<5 %) in the review of by Gatto 
et al. [ 2 ], but in all the latest series published the rate of fl are was higher, ranging 
from 10 to 40 % [ 9 - 12 ,  16 ]. Notably, in the study with the highest rate of fl are (40 
%, [ 12 ]) a large number of patients had an active disease at the beginning of preg-
nancy or were diagnosed with TA during pregnancy. 

 Given that a fl are of TA does not occur in the majority of patients, it is now com-
mon opinion that cardiovascular complications are not only related to an active 
vessel infl ammation, but instead to the hemodynamic changes related to pregnancy, 
which determine an overload on a vascular system that has already been damaged 
by the disease [ 10 ,  12 ]. 

 Therefore the main issue in the management of TA during pregnancy is the treat-
ment of hypertension. This goal should be obtained through the use of calcium 
channel blockers, alfa-metildopa or hydralazine and avoiding fetotoxic agents such 
as ACE inhibitors. On the other hand, the risk of hypoperfusion due to excessive 
hypotension in regions vascularized by stenotic vessels, should be considered and 
avoided [ 2 ,  21 ]. The management of hypertension should also include the delivery 
and the post-partum period. In fact during delivery, epidural analgesia is suggested 
to avoid the fl uctuations in blood pressure that physiologically accompany the vagi-
nal delivery [ 22 ]. Cesarean section should instead be limited to the cases of obstetric 
complications. The post-partum period should also be monitored (24–48 h after 
delivery) because of hemodynamical changes that could determine aortic dissection 
[ 23 ].   

19.2     Medium-Vessel Vasculitis 

19.2.1     Polyarteritis Nodosa 

    Polyarteritis Nodosa (PAN) is a disorder characterized by necrotizing infl ammation 
of small to medium-sized arteries. 

 In patients with PAN prevalent features are constitutional symptoms, cutaneous, 
musculoskeletal, gastrointestinal and neurological involvement, especially periph-
eral neuropathy with  mononeuritis multiplex  . 

 There is a well-known association between  active   hepatitis B virus (HBV) and 
vasculitis, in fact cohort studies have found an association in one-third of PAN 
cases, thus all patients with PAN should be tested for  HBV   [ 24 ]. 

 PAN is a vasculitis with a slight male predominance and with a late peak inci-
dence (in the sixth decade of life); therefore there are few case reported of preg-
nancy; actually twenty-three cases of pregnancy are reported in these patients [ 2 ,  9 ]. 
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 In general, patients who conceive during disease remission seem to have a favor-
able outcome with uneventful pregnancies, rare disease relapse and, in the majority 
of cases, delivery of healthy babies.  Preterm delivery   with low birth weight babies 
are the most common obstetrical complications, occurring in more than 50 % of 
pregnancies [ 2 ,  25 ]. 

 On the other side, women with an onset of PAN during pregnancy had a poor 
maternal outcome. High rates of maternal mortality have been reported, 7 out of 9 
de novo PAN died [ 2 ] during pregnancy or puerperium, with the death due to aneu-
rysm rupture, uncontrolled hypertension and renal failure. The other two pregnan-
cies both ended prematurely due to persistent active disease, with severe  preterm 
delivery   [ 9 ,  25 ]. It has to be underlined, however, that all the cases with maternal 
death occurred in the ’80, while the 2 cases with favorable outcome happened in the 
last 10 years [ 9 ,  25 ].   

19.3     Small Vessel Vasculitis 

19.3.1     EGPA 

 Eosinophilic Granulomatosis with  Polyangiitis   (EGPA) is a multi-system disorder 
characterized by small vessel necrotizing vasculitis, extravascular granulomas and 
peripheral and tissue hypereosinophilia, occurring in patients with asthma and aller-
gic rhinitis. Cardiac, gastrointestinal, and central nervous system involvement are 
linked with poor prognosis [ 26 ]. 

 There are approximately 50 reports in the literature of pregnancy in women with 
 EGPA   [ 2 ,  9 ,  11 ,  15 ]. The vast majority of EGPA pregnancies resulted in uncompli-
cated pregnancy with good maternal and neonatal outcome. The majority of cases 
reported occurred in women with  EGPA   prior to pregnancy and inactive disease at 
the time of conception; EGPA fl are during pregnancy seems to occur in around 
20 % of women in remission at the time of conception. Skin rash and worsening of 
asthma are the most common fl are during pregnancy, even if also more severe dis-
ease manifestations such as  mononeuritis multiplex   and cardiac involvement with 
cardiac failure have been reported [ 25 ,  27 ]. There are two cases of maternal death 
both related to cardiac and respiratory involvement [ 28 ,  29 ]. 

 Less than ten cases of disease onset during pregnancy or postpartum are reported, 
with a very poor prognosis and the severity is strictly related with the patients’ out-
come, especially if there was a cardiac involvement [ 27 ,  28 ,  30 ]. 

 Few cases of fetal loss have been reported [ 2 ], while many studies reported high 
rates of preterm birth, with a range around 20–25 %, frequently associated with low 
birth weight [ 11 ]. 

 Rates of cesarean section were very different, with the highest prevalence (70 %) 
recently reported by a multicentric Italian study [ 9 ].   
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19.4      MPA   

    Microscopic Polyangiitis (MPA) is a systemic, pauci-immune, necrotizing, small- 
vessel vasculitis.  MPA   was initially recognized as a subset of PAN from which it 
may be diffi cult to distinguish, therefore it is also possible that in many series 
reported in the literature  MPA   patients had been grouped with PAN. 

 Seven pregnancies in patients with  MPA   are available in the literature [ 31 - 36 ] 
and more recently, an internet self administered survey of patients with vasculitis 
and self-enrolled in the Vasculitis Clinical Research Consortium (VCRC) reported 
other 6 pregnancies in 2 patients [ 15 ]. 

 Excluding the patients reported in the paper of Clowse at al (not available data 
concerning disease activity for each patient),  MPA   relapsed in two out of fi ve cases 
with disease onset before pregnancy [ 31 ,  35 ] with worsening in respiratory func-
tion, constitutional symptoms and serological activity. In the two onsets during 
pregnancy, one patient died owing to pulmonary infection [ 32 ] while the other sur-
vived [ 34 ]. 

 In two pregnancies that [ 31 ,  35 ] ended with a live birth, the authors described the 
occurrence of symptoms suggestive for  MPA   in the newborns, which could poten-
tially be due to the transfer of maternal  MPO   antibodies through the placenta. One 
newborn presented skin purpuric rash that spontaneously disappeared few days 
later. The other baby developed renal involvement and pulmonary hemorrhage and 
the infant was successfully treated with corticosteroids and supportive care. Neither 
fetal losses nor medical terminations of pregnancy were reported.  

19.5     GPA 

    Granulomatosis with Polyangiitis (GPA) is a rare small-vessel, necrotizing vasculi-
tis which commonly affects the kidneys and the upper and lower respiratory tract. 
The onset of the disease is often in the forth to sixth decade of life, thus pregnancies 
are uncommonly observed. The limited number of publications concerning preg-
nancies in these patients report nearly 90 cases [ 2 ,  9 ,  11 ,  36 ,  37 ]. Onset of  GPA   
during gestation occurred in 15 cases, and in the majority of the patients disease was 
considered inactive at conception. 

 Women with persistent activity or those with onset during gestation are at high 
risk of adverse outcome because of disease complications and maternal and/or fetal 
death. Poor fetal outcome, with either fetal loss or elective termination of pregnancy 
[ 38 ,  39 ] maternal death [ 40 ] and severe relapses have been reported, in fact the rate 
of fl are in patients with active disease approached 100 % [ 2 ,  9 ]. 

 Cesarean section and  preterm delivery   are the most frequent obstetrical compli-
cations. Obviously the rate of both events are increased in patients not in remission 
(nearly 40 % of in both cases) [ 2 ,  25 ]. 
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 In women who conceived in remission, a fl are has been reported in 10–40 % of 
pregnancies [ 2 ,  25 ,  36 ,  37 ]; it can occur at any time during gestation and also during 
post-partum [ 9 ]. The most frequent manifestations during re-activations consist of 
constitutional symptoms, respiratory exacerbation with nasal infl ammation and/or 
subglottic stenosis, arthralgias or arthritis and renal involvement. Worsening of the 
renal function is challenging, because it could be due to vasculitis fl ares or pre- 
eclampsia. Analysis of the urinary sediment and arterial hypertension could be use-
ful. A very recent publication reported the case of systemic relapses during the 
second trimester with a progressive worsening of renal function, and the renal 
involvement was confi rmed by renal biopsy [ 36 ].  

19.6     Variable Vessels Vasculitis 

19.6.1     Behçet Disease 

 Behçet disease (BD) is a multisystem infl ammatory chronic disorder, characterized 
by recurrent oral or genital ulcerations; cutaneous, ocular, neurological and gastro-
intestinal involvement are also possible. Other important manifestations are throm-
bosis, that can occur in vessels of all sizes and both in venous and arterial district, 
even if venous involvement is more common. The thrombotic process is mediated 
by active vascular infl ammation, which determines the activation of coagulation. 

 BD is more prevalent in young adults aged 20–40 years, with no difference in 
male to female ratio in patients from endemic areas, which comprise the areas 
located on the Ancient Silk Road. Reports from USA and Northern Europe instead, 
reveal an increased frequency of BD in women [ 41 ]. As a consequence, there are 
quite large series in literature about BD during pregnancy; there are 396 pregnancies 
in BD published so far [ 2 ,  9 ,  11 ,  15 ,  42 ,  43 ]. 

 The majority of the studies report a rate of obstetrical complications similar to 
that of general healthy population [ 2 ,  42 ,  43 ]. One large case-control study [ 44 ] 
found an increased frequency of miscarriage, hypertension, gestational diabetes, 
premature delivery and cesarean section in BD patients compared to matched 
healthy women (26 % vs. 2 %). Another recent series also confi rmed an increased 
rate of gestational diabetes and hypertension in BD women [ 9 ]. In terms of risk fac-
tors for obstetric complications, Noel et al. [ 43 ] demonstrated an association 
between previous venous involvement and miscarriage or cesarean delivery, as pre-
viously suggested by Jadaon [ 44 ]. Furthermore, one study examined the placental 
hystopathologic alterations from two BD women (with both positive and negative 
outcome) and identifi ed necrotizing villitis and  decidual vasculitis  , that are similar 
to those found in other tissues involved. The authors supposed that this could be 
responsible for an increased rate of miscarriage observed in BD patients and could 
also be the demonstration of a possible intrauterine transmission of the disease [ 45 ]. 
In fact rare cases of neonatal BD are reported, all born from mothers with active 
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disease during pregnancy and most of these babies with transient, mild clinical 
manifestations (oral ulcers or skin lesions). 

 Disease fl ares are reported in 30–36 % of pregnancies in a systematic review [ 2 ] 
and in a large recent series [ 43 ], but there are also reports of lower (8 %, [ 42 ]) and 
higher rates (45 %, [ 9 ]). In general, the most frequent manifestations during the re- 
activations of disease are oral or  genital ulcers  . 

 Another important issue is thrombosis: pregnancy and the post-partum increase 
the risk of thrombotic complications in these patients, that are per se at higher risk. 
There are several reports of vascular events during pregnancies [ 44 ,  46 - 48 ], includ-
ing superior  vena cava thrombosis   [ 49 ], cerebral venous thrombosis [ 50 ] and  tran-
sient ischemic attack  s [ 9 ]. 

 The management of these patients includes the use of corticosteroids at low dose, 
 azathioprine   and also  colchicine  , that has been demonstrated to be safe during preg-
nancy [ 51 ,  52 ]. Besides this, an effective prophylaxis of thrombosis during preg-
nancy and the post-partum period should be considered, using low dose  aspirin   or 
low molecular weight heparin. In the case of a previous thrombotic event, an anti-
coagulation therapy should be undertaken. 

  Table  19.1  shows a synthesis of the most frequent complications during preg-
nancy in each type of vasculitis.

   Table 19.1    Systemic Vasculitis and Pregnancy: description of obstetrical complications and risk 
of disease fl ares, according to different types of vasculitis   

 Type of vasculitis 

 Number of 
cases reported 
(references) 

 Main obstetrical 
complications and 
pregnancy outcomes  Risk of vasculitis fl ares 

 Takayasu 
Arteritis (TA) 

 350 [ 2 ,  9 - 16 ]  Hypertensive 
complications 
(about 45 %) 

 Variable rates of fl are 
described: <5 % in a 
systematic review; from 
10 to 40 % in latest series. 

 IUGR (0–20 %)  The highest rate (40 %) 
recorded in a group with a 
large number of patients 
with active disease/onset 
during pregnancy 

 Low birth weight 
(8–50 %; 23 % in a 
systematic review) 

 Panarteritis 
nodosa 

 23 [ 2 ,  9 ]  Preterm delivery 
(>50 %) 

 Rare if disease in 
remission 
 Poor maternal outcome 
with high risk of maternal 
death if onset during 
pregnancy. 

 Eosinophilic 
granulomatosis 
with polyangiitis 
(EGPA) 

 51 [ 2 ,  9 ,  11 ,  15 ]  Preterm delivery 
(20–25 %) 

 Around 20 % of women 
in remission at the time of 
conception (most frequent 
manifestations are skin 
rash and asthma) 

 Cesarean section 
(10–70 %) 

 Few cases of fetal 
loss (<10 %) 

 Rare case of maternal 
death. 

(continued)
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    Chapter 20   
 Behçet Disease                     

     Rosaria     Talarico      and     Stefano     Bombardieri   

    Abstract     Behçet’s disease (BD) is globally characterized by a variable spectrum of 
disease profi le: while prevalent muco-cutaneous lesions and arthritis represent the 
only clinical features in patients with a benign disease subset, there are other patients 
who develop potentially sight or life-threatening manifestations, due to ocular, neu-
rological or major vascular involvement. Beside the organ involvement, demo-
graphic factors could considerably infl uence the long-term and short-term outcomes 
of BD: age at disease onset, duration of disease, gender and sex. Younger men 
patients are more suitable to have a more severe disease, due to an increased fre-
quency both of morbidity and mortality, related to ocular, vascular and neurological 
involvement. Eye involvement represents one of the most serious manifestations of 
BD and occurs in half of the patients. It seems more frequent and more severe 
among young males and, unluckily, it still remains one of the most signifi cant causes 
of morbidity. Usually, ocular disease develops within the fi rst years of disease onset 
and it seems to be more severe in this period; moreover, growing data suggest that 
the prognosis of BD patients with ocular involvement is mainly dependent upon the 
severity of visual acuity at presentation. Although not included in the International 
Study Group criteria for BD, neurological involvement represents the second main 
cause of mortality, preceded by large vessel disease. Parenchymal CNS involvement 
represents a serious morbidity of disease, often leading to disability and, if not 
treated early, to mortality, while dural sinus thrombosis is associated with a more 
favourable outcome than parenchymal involvement. The prevalence of vascular 
involvement varies from 20 to 35 % of BD patients and it may involve all types of 
vessels within the arterial and venous system. It is characterized by a clear male 
preponderance. Vascular involvement in BD represents a serious risk for multiple 
vessel-related complications, including thromboses, stenoses, occlusions, and aneu-
rysms. Since there are no established laboratory fi ndings to defi ne BD and the diag-
nosis remains mainly dependent on the identifi cation of the typical clinical pictures, 
to a certain extent, there are no optimal measures that would simplify the evaluation 
of the disease. Unluckily, there are no validated biomarkers that could refl ect dis-
ease activity over time. Management of serious organ involvement such as ocular, 
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vascular, gastrointestinal, and neurologic disease is with corticosteroids and 
 immunosuppressives, which should be started early to prevent irreversible damage. 
In particular, TNF-alpha antagonists are exceptionally promising for treatment of 
resistant cases and their effi cacy and safety have been proven in recalcitrant ocular, 
vascular, gastrointestinal and neurologic involvements.  

20.1       Introduction 

  Behçet’s disease (BD)    is a systemic, chronic-relapsing vasculitis, typically charac-
terised by recurrent oro-genital ulcers, ocular infl ammation and skin manifestations 
(Fig.  20.1 ); articular, vascular, gastro-enteric and neurological involvement may 
also occur [ 1 ,  2 ]. The onset of disease typically occurs in patients in the late third 
and early fourth decades of life. Despite BD has a worldwide distribution, it is most 
commonly seen in the Middle East, Far East and the Mediterranean basin 
(Fig.  20.2 ), a particular trend that reminds of the ancient Silk Road [ 3 ,  4 ]. Moreover, 

Ocular disease:
Neuro Behçet

Angio Behçet:

Skin lesions:

Arthritis:

Aphthous ulcers:

Genitourinary lesions:

Deep venous occlusions

  Fig. 20.1    Clinical manifestations of BD       
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the prevalence rates of BD in the endemic areas are strongly correlated to the preva-
lence of human leukocyte antigen (HLA)- B51  . It is believed that a complex back-
ground with both genetic and environmental factors contributes to the disease 
development. Since there are no established laboratory fi ndings to defi ne BD, the 
diagnosis remains mainly dependent on the identifi cation of the typical clinical pic-
tures. In 1990 the International Study Group (ISG) for BD has proposed the vali-
dated classifi cation criteria; to fulfi ll these criteria a  conditio sine qua non  for the 
diagnosis must be the presence of recurrent oral ulcers, together with two or more 
of the following: recurrent genital ulcerations, eye lesions, skin lesions or a positive 
 pathergy test   (Table  20.1 ) [ 5 ].

     However, articular, vascular, gastro-enteric and neurological involvement may 
also occur. Globally, BD is characterized by a variable spectrum of disease profi le: 
while prevalent muco-cutaneous lesions and arthritis represent the only clinical fea-
ture in patients with a benign disease subset, there are other patients who potentially 

  Fig. 20.2    Geographical distribution of BD       

   Table 20.1    International Study Group Classifi cation Criteria for BD   

 Recurring oral 
ulcerations 

 Minor aphthous, major aphthous, or herpetiform ulcerations observed by 
physician or patient recurring at least 3 times in one 12-month period 

 Plus 2 of the following 
 Recurring genital 
ulcerations 

 Aphthous ulcerations or scarring observed by physician or patient 

 Eye lesions  Anterior  uveitis  , posterior  uveitis  , cells in the vitreous on slit-lamp 
examination or  retinal vasculitis   observed by ophthalmologist 

 Skin lesions   Erythema nodosum   observed by the physician or patient, 
pseudofolliculitis, papulopustular lesions, or acneiform nodules observed 
by physician in post-adolescent patients not receiving corticosteroid 
treatment 

 Pathergy  Test results read by physician at 24–48 h 
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develop sight or life-threatening manifestations, due to ocular, neurological or 
major vascular involvement [ 6 – 8 ]. 

 Beside the organ involvement, a number of demographic factors could consider-
ably infl uence the long-term and short-term outcomes of BD: age at disease onset, 
duration of disease, gender and sex [ 9 ]. Younger men patients are more suitable to 
have a more severe disease, due to an increased frequency both of morbidity and 
mortality, related to ocular, vascular and neurological involvement [ 10 ].  

20.2     Mucocutaneous Involvement 

 The fi rst sign of presentation of BD is usually represented by mucocutaneous fea-
tures and recurrent  aphthous stomatitis  . The estimated frequency of  recurrent   aph-
thous stomatitis is about 95–100 % in different countries; it represents the initial 
manifestation of the disease in 90 % of the cases and is characterized by painful, 
shallow, round or oval ulcers covered with a yellowish pseudomembrane surrounded 
by a red border. Oral ulcers can occur anywhere in the oral cavity, but they are more 
frequent in buccal mucosae, tongue and mucosal surface of the lips. Notably, oral 
traumatic lesions have been implicated as a predisposing factor in oral aphthae [ 9 , 
 10 ]. Moreover, growing data have shown an association between a lower prevalence 
of  recurrent   aphthous stomatitis and smoking. 

  Genital ulcers   represent another major and specifi c cardinal manifestation of 
BD. Their frequency is about 50–85 % and they usually begin as a papule, pustule 
or circumscribed necrosis that ulcerates within a short period. In male,  genital ulcers   
occur mostly on scrotum, penis and femoro-inguinal regions. In females, ulcers are 
commonly found on both major and minor labiae [ 9 – 11 ]. 

 The skin lesions of BD are characterized by: (1) Nodular lesions (i.e.  erythema 
nodosum  -like lesions); (2) Papulopustular and acneiform lesions; (3) Other lesions 
(i.e.  Sweet’s syndrome  ) [ 11 ].  

20.3     Ocular Involvement 

 Eye involvement represents one of the most serious manifestations of BD and 
occurs in half of the patients. It seems more frequent and severe among young males 
and, unluckily, it still remains one of the most signifi cant causes of morbidity [ 10 ]. 
Usually, ocular disease develops within the fi rst years of the disease onset and seems 
to be more severe in this period; moreover, growing data have suggested that the 
prognosis of BD patients with ocular involvement is mainly dependent upon the 
severity of visual acuity at presentation [ 11 – 13 ]. Posterior or pan-uveitis associated 
with  retinal vasculitis   are the most common ocular manifestations; they can be 
extremely severe, causing hemorrhages, retinal exudates, venous thrombosis, pap-
illedema and macular disease. Structural changes, such as synechiae and retinal 
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scars, are the consequences of its relapse course, which may lead in many patients 
to permanent visual impairment or blindness. The involvement of the anterior 
chamber with severe infl ammation (hypopyion) indicates a poor outcome and is 
generally associated with severe  retinal vasculitis  . Isolated anterior  uveitis   is less 
frequent; moreover, conjunctivitis is sporadic. The anatomical classifi cation of ocu-
lar involvement in BD has important therapeutic and prognostic implications: while 
attacks restricted to the anterior segment can be suffi ciently managed with topical 
treatments, infl ammation localized to the posterior segment always needs treatment 
 with   glucocorticoids and immunosuppressive therapies. Moreover, the specifi c site 
of infl ammation, associated to the clinical course, represents a relevant reference 
point for the choice and duration of the therapy. Globally, the main determinant of 
visual prognosis is represented by the number of ocular attacks during the follow-up 
period; in this scenario, visual acuity represents the best marker of damage in ocular 
involvement.  

20.4     Neurological Involvement 

 Although not included in the ISG criteria for BD, neurological involvement repre-
sents the second main cause of mortality, preceded by large vessel disease [ 14 ]. 
There have been many studies describing the prevalence of neuro-BD in different 
countries that varies from 2 to 50 % [ 14 – 17 ]. Despite immunosuppressive therapy, 
neurological involvement is still considered a worrying complication of the disease, 
representing an important cause of morbidity and mortality. Although neuro-BD 
may present with different neurological problems, directly or indirectly related to 
the systemic disease, it is usually categorised into two main groups: parenchymal 
brain involvement (more frequent, 80 % of cases) and non-parenchymal or vascular 
disease. Parenchymal central nervous system (CNS) involvement (Fig.  20.3 ), 
mainly affecting the brainstem, occurs with pyramidal signs, cerebellar symptoms, 
sphincter disturbance and behavioural changes. Vascular disease is generally due to 
intracranial hypertension secondary to dural sinus thrombosis. Headache undoubt-
edly represents the most common neurological symptom observed in patients with 
neuro-BD, and can be associated to different etiologies (i.e. parenchymal involve-
ment, cerebral venous sinus thrombosis, ocular infl ammation, co-existing primary 
headache). Moreover, it seems relatively frequent that patients with BD may develop 
a neuro-behavioral syndrome, characterized by bipolar disorders and paranoid atti-
tudes, called “neuro-psycho-BD”. So far, it is not clear which is the pathogenetic 
mechanism underlying this syndrome: it may be secondary to an organic neurologi-
cal involvement or related to the poor quality of life and the relapsing course of 
disease. Parenchymal CNS involvement represents a serious morbidity of disease, 
often leading to disability and to mortality, if not treated early. On the other hand, 
dural sinus thrombosis is associated to a more favorable outcome than parenchymal 
involvement.
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   Notably, the onset of CNS involvement seems to occur in the fi rst 10 years, with 
a higher incidence rate in the fi rst 5 years [ 15 ]. These data have surely important 
clinical implications, since the timing of onset of neuro-BD strongly affects the 
scheduling of the follow-up timing. Indeed, neuro-BD is still related to high rates of 
morbidity and mortality: early recognition of severe organ involvements could cer-
tainly represent an important element to prevent irreversible damages due to the 
chronic-relapsing course of the disease. As suggested in other systemic autoim-
mune diseases, a disease-specifi c set of quality assessment tools should help physi-
cians deliver a high quality of care in neuro-BD patients [ 16 ,  18 ].  

20.5     Vascular Involvement 

 The prevalence of vascular involvement varies from 20 to 35 % of BD patients and 
it may involve all types of vessels within the arterial and venous system. It is char-
acterized by a clear male preponderance. Vascular involvement in BD represents a 
serious risk for multiple vessel-related complications, including thromboses, steno-
ses, occlusions, and aneurysms. While arterial involvement is less common (3–12 
%), the most common feature is represented by venous thrombosis, which mainly 
occurs in the lower limbs; other specifi c features are represented by  vena cava 
thrombosis  , pulmonary artery  aneurysm   (PAA),  Budd-Chiari syndrome  , peripheral 
artery aneurysms, dural sinus thrombosis and abdominal aorta aneurysms [ 19 – 22 ]. 

  Fig. 20.3    Neurological involvement in BD       
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 The prognosis of BD patients with arterial involvement is poor, with a death rate 
of 13.5 % in the patients with arterial lesions, above all in presence of the pulmo-
nary artery and thoracic aorta involvement. PAA is a well known cause of morbidity 
in BD and is associated to the highest mortality rates despite an aggressive thera-
peutic approach [ 10 ]. The typical clinical picture of PAA is represented by hemop-
tysis, dyspnea, fever, chest pain and cough. Cardiac involvement is a rare 
manifestation in BD and comprises pericarditis, endocarditis with valvular lesions, 
myocarditis, intracardiac thrombosis, endomyocardial fi brosis,  coronary vasculitis   
and myocardial aneurysm formation [ 20 – 22 ]. 

 Younger men patients affected by BD are more suitable to have a more severe 
disease, due to an increased frequency both of morbidity and mortality, secondary 
to ocular, vascular and neurological involvement. The variable prognosis, associ-
ated to different gender or age, may represent an essential and useful element to 
tailor the management not only to the type and severity of symptoms, but also to the 
epidemiological profi le of BD patients.  

20.6     Therapy of BD 

 Subsequent mucocutaneous and joint involvement may be bothersome and impair 
the quality of life, but do not cause organ -threatening damage. Their management 
depends on the type, frequency, and severity of the symptoms. Management of seri-
ous organ involvement such as ocular, vascular, gastrointestinal, and neurologic dis-
ease is with corticosteroids and immunosuppressives, which should be started early 
to prevent irreversible damage. So far, more aggressive treatment for serious organ 
involvement with  traditional   DMARDs and biologic agents has improved the out-
come of BD patients [ 23 – 29 ]. In particular, TNF-alpha antagonists are exception-
ally promising for treatment of resistant cases and their effi cacy and safety have 
been proven in recalcitrant ocular, vascular, gastrointestinal and neurologic 
involvements.      

   References 

    1.    Seyahi E, Tahir Turanli E, Mangan MS et al (2010) The prevalence of Behçet’s syndrome, 
familial Mediterranean fever, HLAB51 and MEFV gene mutations among ethnic Armenians 
living in Istanbul, Turkey. Clin Exp Rheumatol 28(Suppl 60):S67–S75  

    2.   Talarico R, Baldini C, Della Rossa A et al (2012) Large- and small-vessel vasculitis: a critical 
digest of the 2010–2011 literature. Clin Exp Rheumatol 30(Suppl 70):S130–S138. 3  

    3.    Yazici H, Seyahi E, Yurdakul S (2008) Behçet’s syndrome is not so rare: why do we need to 
know? Arthritis Rheum 58:3640–3643  

    4.    Hatemi G, Yazici Y, Yazici H (2013) Behçet’s syndrome. Rheum Dis Clin North Am 
39(2):245–261  

    5.    International Study Group for Behçet’s Disease (1990) Criteria for diagnosis of Behçet’s dis-
ease. Lancet 335:1078–1080  

20 Behçet Disease



232

    6.    Yazici H (2003) Behçet syndrome: an update. Curr Rheumatol Rep 5:195–219  
   7.    Talarico R, Baldini C, Della Rossa A et al (2012) Large- and small-vessel vasculitis: a critical 

digest of the 2010–2011 literature. Clin Exp Rheumatol 30(Suppl 70):S130–S138  
    8.    Talarico R, Baldini C, Della Rossa A, Carli L, Tani C, Bombardieri S (2013) Systemic vascu-

litis: a critical digest of the recent literature. Clin Exp Rheumatol 31(Suppl 75):S84–S88  
      9.    Tursen U, Gurler A, Boyvat A (2003) Evaluation of clinical fi ndings according to sex in 2313 

Turkish patients with Behçet’s disease. Int J Dermatol 42:346–351  
       10.    Yazici H, Esen F (2008) Mortality in Behçet’s syndrome. Clin Exp Rheumatol 26(Suppl 

51):S138–S140  
      11.    Yazici Y, Yurdakul S, Yazici H (2010) Behçet’s syndrome. Curr Rheumatol Rep 

12(6):429–435  
   12.    Tugal-Tutkun I, Opal S, Altan-Yaylacioglu R et al (2004) Uveitis in Behcet disease: an analy-

sis of 880 patients. Am J Ophthalmol 138(3):373–380  
    13.    Cho YJ, Kim WK, Lee JH et al (2008) Visual prognosis and risk factors for Korean patients 

with Behcet uveitis. Ophthalmologica 222(5):344–350  
     14.    Serdaroglu P, Yazici H, Ozdemir C et al (1989) Neurological involvement in Behçet syn-

drome – a prospective study. Arch Neurol 46:265–269  
    15.    Talarico R, d’Ascanio A, Figus M, Stagnaro C, Ferrari C, Elefante E, Baldini C, Tani C, Mosca 

M, Bombardieri S (2012) Behçet’s disease: features of neurological involvement in a dedicated 
centre in Italy. Clin Exp Rheumatol 30(3 Suppl 72):S69–S72  

    16.    Kidd D, Steuer A, Denman AM, Rudge P (1999) Neurological complications in Behçet’s syn-
drome. Brain 122(Pt 11):2183–2194  

    17.    Akman-Demir G, Serdaroglu P, Tasçi B (1999) Clinical patterns of neurological involvement 
in Behçet's disease: evaluation of 200 patients. The Neuro-Behçet Study Group. Brain 122(Pt 
11):2171–2182  

    18.    Mosca M, Tani C, Aringer M et al (2011) Development of quality indicators to evaluate the 
monitoring of SLE patients in routine clinical practice. Autoimmun Rev 10:383–388  

    19.    Tohme A, Aoun N, El-Rassi B et al (2003) Vascular manifestations of Behçet’s disease: eigh-
teen cases among 140 patients. Joint Bone Spine 70(5):384–389  

    20.    Saadoun D, Asli B, Wechsler B et al (2012) Long-term outcome of arterial lesions in Behçet 
disease: a series of 101 patients. Medicine (Baltimore) 91(1):18–24  

   21.    Seyahi E, Melikoglu M, Akman C et al (2012) Pulmonary artery involvement and associated 
lung disease in Behçet disease:a series of 47 patients. Medicine (Baltimore) 91(1):35–48  

     22.    Geri G, Wechsler B, Thi Huong du L et al (2012) Spectrum of cardiac lesions in Behçet dis-
ease: a series of 52 patients and review of the literature. Medicine (Baltimore) 91(1):25–34  

    23.    Yazici H, Hatemi G (2012) Empiricism in managing Behçet’s syndrome. Clin Exp Rheumatol 
30(3 Suppl 72):S7–S9  

   24.    Ozguler Y, Hatemi G, Yazici H (2014) Management of Behçet’s syndrome. Curr Opin 
Rheumatol 26(3):285–291  

   25.    Hatemi G, Seyahi E, Fresko I, Talarico R, Hamuryudan V (2014) Behçet’s syndrome: a critical 
digest of the 2013–2014 literature. Clin Exp Rheumatol 32(4 Suppl 84):S112–S122  

   26.    Vaiopoulos AG, Sfi kakis PP, Kanakis MA, Vaiopoulos G, Kaklamanis PG (2014) 
Gastrointestinal manifestations of Behçet’s disease: advances in evaluation and management. 
Clin Exp Rheumatol 32(4 Suppl 84):S140–S148  

   27.    Arida A, Sfi kakis PP (2014) Anti-cytokine biologic treatment beyond anti-TNF in Behçet’s 
disease. Clin Exp Rheumatol 32(4 Suppl 84):S149–S155  

   28.    Interlandi E, Leccese P, Olivieri I, Latanza L (2014) Adalimumab for treatment of severe 
Behçet’s uveitis: a retrospective long-term follow-up study. Clin Exp Rheumatol 32(4 Suppl 
84):S58–S62  

    29.    Hatemi G, Seyahi E, Fresko I, Hamuryudan V (2013) Behçet’s syndrome: a critical digest of 
the 2012–2013 literature. Clin Exp Rheumatol 31(3 Suppl 77):108–117    

R. Talarico and S. Bombardieri



233© Springer International Publishing Switzerland 2016 
F. Dammacco et al. (eds.), Systemic Vasculitides: Current Status and 
Perspectives, DOI 10.1007/978-3-319-40136-2_21

    Chapter 21   
 Small Vessel Vasculitis of the Skin                     

     Robert     G.     Micheletti    

    Abstract     Small vessel vasculitis of the skin typically manifests with palpable pur-
pura on the lower extremities. This clinical presentation should prompt confi rma-
tory biopsies for standard processing, as well as direct immunofl uorescence. A 
thorough history, review of systems, and physical examination, as well as targeted 
laboratory workup, are essential to identifying patients with potentially severe sys-
temic vasculitis or underlying medical conditions. For those patients with small 
vessel vasculitis confi ned to the skin, the prognosis is excellent. Most cases resolve 
in about 1 month. However, an important subset of patients can develop chronic, 
recurrent disease, for which effective management is often diffi cult.  

  Keywords     Small vessel vasculitis of the skin   •   Cutaneous vasculitis   • 
  Leukocytoclastic vasculitis   •   Hypersensitivity vasculitis  

21.1       Introduction 

  Small vessel  vasculitis   of the skin commonly presents  with   palpable purpura on the 
lower extremities. It is referred to by a variety of terms, often used interchangeably, 
including “ leukocytoclastic vasculitis  ,” “ hypersensitivity vasculitis  ,” “ cutaneous 
leukocytoclastic angiitis  ,” and “ cutaneous small vessel vasculitis  ,” the term used in 
the revised 2012 Chapel Hill Consensus Criteria to refer to small vessel vasculitis 
limited to the skin [ 1 ]. Each of these terms carries a slightly different shade of mean-
ing that may differ according to the user. For example “ hypersensitivity vasculitis  ” 
may suggest the process is drug-induced, and “ leukocytoclastic vasculitis  ” is a his-
tologic pattern seen in other types of vasculitis, not unique to small vessel vasculitis 
of the skin. 

 Ultimately, regardless of the terminology used, it is important to recognize that 
these lesions (e.g. purpuric papules) are best thought of as a symptom rather than a 
disease entity in and of themselves. In order to diagnose skin-limited vasculitis, one 

        R.  G.   Micheletti      (*) 
  Perelman School of Medicine ,  University of Pennsylvania ,   Philadelphia ,  PA ,  USA   
 e-mail: Robert.Micheletti@uphs.upenn.edu  

mailto:Robert.Micheletti@uphs.upenn.edu


234

must fi rst rule out important systemic manifestations (such as renal, joint, and gas-
trointestinal complications) as well as underlying conditions that affect manage-
ment and prognosis. Patients with these complications may have precisely the same 
initial presentation of cutaneous vasculitis as those who do not. Patients may also 
develop systemic manifestations over time, necessitating close follow-up. For most 
patients, however, small vessel vasculitis of the skin is an acute and self-limited 
disease with a favorable prognosis, particularly when internal involvement and 
underlying conditions are absent.  

21.2     Epidemiology 

 Small vessel vasculitis of the skin affects male and female patients equally and has 
an annual incidence of 30 cases per million adults. In children, small vessel vascu-
litis of the skin is less common; IgA vasculitis is more frequently seen in that popu-
lation. The presence of systemic vasculitis, associated connective tissue disease, or 
malignancy is much more common in adults than in children [ 2 – 4 ].  

21.3     Pathophysiology 

 Small vessel vasculitis is an immune complex-mediated process [ 5 ]. Circulating 
antigens, such as those related to medication exposure, infection, connective tissue 
disease, and neoplasia, become bound by antibodies, forming immune complexes. 
These complexes may become lodged within small vessels of various organs, 
including the joints, gastrointestinal tract, and renal glomerulus, as well as in the 
superfi cial dermis. Once there, the complement cascade is activated, inducing an 
infl ammatory response that leads to vessel destruction, tissue damage, and extrava-
sation of red blood cells. 

 In the case of  palpable purpura  , the small vessel involvement accounts for the 
small size of the lesions, the complement cascade and subsequent infl ammation 
account for lesion palpability and symptomatology (burn, itch), and red blood cell 
extravasation results in non-blanching purpura [ 6 ].  

21.4     Etiology 

 About half of cases are idiopathic [ 7 – 9 ]. Most of the remaining cases are either 
drug-induced or post-infectious. Among drugs, antibiotics, particularly β-lactams, 
are common culprits, but almost any drug or additive can cause vasculitis [ 10 ]. 
Upper respiratory infections, group A Strep, and Hepatitis C are common infectious 
causes, but numerous infectious triggers have been reported [ 11 ,  12 ]. In many cases, 
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determining a specifi c cause can be diffi cult, especially in the hospitalized setting, 
where concomitant infection and antibiotic exposure are common. 

 In addition to infectious and medication triggers, small vessel vasculitis of the 
skin can also be a manifestation, even a presenting sign, of autoimmune connective 
tissue disease. Vasculitis is most commonly seen in systemic lupus and Sjögren 
syndrome but also dermatomyositis and rheumatoid arthritis, and its presence may 
signal more signifi cant internal involvement [ 13 ]. Lastly, in a small but important 
subset of patients (<5 %), vasculitis occurs secondary to an underlying hematologic 
or solid organ malignancy [ 14 ,  15 ]. 

 In general, vasculitis tends to appear 7–10 days following a drug or infectious 
trigger and 6 months after onset of an underlying medical condition, though timing 
and onset can be quite varied [ 16 ]. A careful history and review of systems is essen-
tial for uncovering possible triggers and identifying patients with more signifi cant 
underlying disease.  

21.5     Clinical Features 

21.5.1     Physical Exam 

 Small vessel vasculitis of the skin typically presents with small, round, purpuric 
papules, usually a few millimeters in diameter (Fig.  21.1 ). Because the process is 
immune complex-mediated, lesions have a preference for the lower extremities 
(particularly the legs below the knees) and other dependent areas (such as the back, 
if the patient is bed-bound) due to gravity, but lesions may occur anywhere. Lesions 
are also accentuated in areas of pressure, such as beneath socks or sequential 

  Fig. 21.1    Typical  palpable purpura   of small vessel vasculitis on the lower legs       
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compression devices in those who are hospitalized. The total number of lesions var-
ies from a few to several hundred. New lesions appear daily during fl ares and slowly 
resolve over 2–3 weeks, with residual post-infl ammatory hyperpigmentation [ 17 ].

   In addition to  palpable purpura  , non-palpable petechiae and purpuric macules are 
also frequently present. Signifi cant infl ammatory reactions can result in vesicles, 
pustules, and small hemorrhagic bullae (Fig.  21.2 ). Urticarial papules may also be 
seen (Fig.  21.3 ). Patients with hive-like lesions which do not resolve within 24 h, 
leave behind bruise-like marks, or are associated with fever, arthralgias, and other 

  Fig. 21.2    Hemorrhagic vesicles due to exuberant infl ammation in small vessel vasculitis       

  Fig. 21.3    Small vessel vasculitis presenting with persistent, bruise-like urticarial lesions       
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symptoms, may in fact have a form of small vessel vasculitis called urticarial  vascu-
litis  , either with low or normal complement levels [ 18 ].

    When widespread, lesions can coalesce into larger areas of purpura and can 
ulcerate. Such ulcers are typically rounded ulcers made up of smaller, round purpu-
ric papules (Fig.  21.4 ). Absent are manifestations more typical of medium vessel 
vasculitis, such as  livedo reticularis  ; subcutaneous nodules; retiform or stellate pur-
pura; and more signifi cant cutaneous infarction or ulceration. The larger size of 
such lesions and their jagged, net-like shape refl ects the involvement of medium-
sized vessel in the deep dermis or subcutis, which feed a network of downstream 
smaller vessels. If such lesions are seen, suspicion should be raised for polyarteritis 
nodosa, a pure medium vessel vasculitis, as well as  cryoglobulinemic vasculitis   and 
the ANCA-associated  vasculitides  , which impact both small and medium-sized ves-
sels [ 19 ].

21.5.2        History 

 Patients with small vessel vasculitis of the skin may experience itching or burning 
pain as well as swelling and aching of the affected limbs. Or, they may be com-
pletely asymptomatic. 

 In most cases, no signifi cant systemic manifestations are present, but a thorough 
review of systems should be performed to help identify those patients with evidence 
of vasculitis involving other organ systems. The presence of constitutional  symptoms 
such as fever and weight loss; joint pains or swelling; myalgias; abdominal pain or 
melena; hematuria or frothy urine; cough or dyspnea; sinusitis or rhinitis; and par-

  Fig. 21.4    Rounded ulcer 
due to coalescing lesions 
of small vessel vasculitis       
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esthesias, weakness, or foot drop are particularly relevant in signifying the presence 
of systemic vasculitis. In the case of IgA vasculitis, which generally has a cutaneous 
presentation indistinguishable from other small vessel vasculitis of the skin, nearly 
two-thirds of patients experience gastrointestinal and joint symptoms, while 40 % 
develop manifestations of glomerulonephritis [ 20 ]. 

 Arthralgias are fairly common during fl ares, but frank synovitis or arthritis is rare 
and suggests the presence of systemic disease [ 9 ]. If one or more of the above symp-
toms is present, a targeted laboratory workup should proceed to identify potentially 
severe extracutaneous manifestations and underlying disease states. Questions 
about preceding infections, prescribed and non-prescribed medications, and any 
comorbid medical conditions should also be asked. Finally, those who give a history 
of cutaneous vasculitis that is not self-limited or that is refractory or recurrent may 
be more likely to have an underlying disease. Further workup may be required to 
elucidate the underlying cause in these patients.   

21.6     Initial Workup 

 When a patient presents with lesions suspicious for vasculitis, initial workup should 
try to answer three basic questions:

    1.    Are the lesions due to vasculitis?   
   2.    Are organ systems involved?   
   3.    Are there fi ndings which help establish a particular diagnosis?     

21.6.1     Histologic Findings 

 The diagnosis of small vessel vasculitis of the skin can be confi rmed by a biopsy 
showing neutrophilic infl ammation with leukocytoclasis as well as  fi brinoid necro-
sis   and disruption of small vessels with extravasation of red blood cells into the 
superfi cial dermis. Due to the potential for misdiagnosis and the existence of numer-
ous conditions which can mimic vasculitis, skin biopsy should be performed when-
ever possible. Similarly, pathology reports should always be read carefully and 
interpreted in the correct clinical context, as certain entities (e.g. arthropod bites, 
ulcers, neutrophilic dermatoses) can show secondary vasculitic changes histologi-
cally. Clinical-pathologic correlation is always essential. A partial list of the differ-
ential diagnosis of purpuric macules and papules is shown below:

•    Skin-limited small vessel vasculitis  
•   IgA vasculitis  
•    Cryoglobulinemic vasculitis    
•   ANCA-associated vasculitis  
•   Arthropod bites  
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•   Macular purpura due to trauma, skin fragility, or anticoagulation  
•   Platelet dysfunction or defi ciency  
•   Pigmented purpuric dermatosis (capillaritis)  
•   Cholesterol emboli  
•   Septic emboli  
•   Livedoid vasculopathy  
•   Sweet syndrome   

A well-established but not old lesion (1–2 days of age) should be biopsied. Lesions 
are dynamic, so timing and location are critical. Biopsy of a poorly-established 
early lesion may fail to demonstrate defi nitive changes of vasculitis, while biopsy of 
an old lesion may demonstrate nonspecifi c infl ammation and tissue damage. A 
4 mm punch biopsy is generally suffi cient to sample a lesion of small vessel vascu-
litis adequately. Deeper subcutaneous nodules or retiform purpura should be biop-
sied using a deep punch or wedge biopsy technique in order to sample medium-sized 
vessels in the deep dermis or subcutis. 

 Beyond merely confi rming the diagnosis of vasculitis, some literature suggests 
the depth and severity of infl ammation may predict systemic involvement or even 
underlying malignancy [ 21 ]. The presence of tissue eosinophilia may suggest drug- 
induced vasculitis [ 22 ]. 

 In addition to performing a biopsy for standard processing, biopsy for direct 
immunofl uorescence studies should also be performed [ 23 ]. Because immune com-
plexes may be quickly degraded, a fresh lesion (ideally less than 24 h old) should be 
selected. The presence of IgA suggests a diagnosis  of   IgA vasculitis (Henoch- 
Schonlein purpura) and greater incidence of joint, gastrointestinal, and renal vascu-
litis associated with that disease [ 1 ]. The presence of IgM may correlate with renal 
involvement [ 24 ], or cryoglobulinemia [ 25 ]. C3 and IgG at the dermal-epidermal 
junction (positive lupus band test) may suggest hypocomplementemic urticarial 
 vasculitis   and underlying systemic lupus.  

21.6.2     Laboratory Studies 

 Once the diagnosis of vasculitis has been confi rmed, and after a thorough history, 
review of systems, and physical exam, a systematic and targeted laboratory workup 
should be performed to help establish whether other organ systems are involved. 
Since no standard protocol for this workup exists, it should be guided by clinical 
signs and symptoms. Most episodes of small vessel vasculitis of the skin are skin- 
limited and resolve within 3–4 weeks [ 9 ]. With this in mind, not every test need be 
ordered in every patient. Excessive testing should be avoided, as false positive or 
irrelevant results can be confusing. Nevertheless, serious internal organ dysfunction 
does rarely occur, so some basic workup is always indicated, along with whatever 
additional testing is dictated by the exam and review of systems. 
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 When the presentation is straightforward and the review of systems negative, 
nothing more than a complete blood count, complete metabolic panel, and urinaly-
sis with microscopic evaluation may be required. Of these tests, the urinalysis is the 
most essential, as the presence of glomerulonephritis is most likely to change man-
agement. The presence of red blood cells on urinalysis should be followed by direct 
microscopy of the urine sediment to look for red cell casts and dysmorphic red 
blood cells (Fig.  21.5 ), possible indications of active glomerulonephritis. Fecal 
occult blood testing should be considered in all patients and certainly if abdominal 
symptoms or evidence of gastrointestinal bleeding is present. A chest x-ray or chest 
CT should be ordered if the patient complains of cough or dyspnea. Other organ- 
specifi c, targeted workup should proceed, if warranted, based on the review of sys-
tems and examination.

   For those with concerning symptoms or chronic/recurrent lesions without an 
obvious cause, reasonable workup includes the testing discussed above as well as 
infectious serologies, including hepatitis B and C virus, HIV, and antistreptolysin-
 O, and rheumatologic workup, including anti-nuclear antibodies (ANA), rheuma-
toid  factor   (which screens for rheumatoid arthritis and is usually highly elevated in 
the presence of  cryoglobulinemic vasculitis  ), and anti-neutrophilic cytoplasmic 
antibodies ( ANCA  ) (which are strongly suggestive of ANCA-associated vasculitis). 
Other testing to consider includes serum protein electrophoresis (SPEP)/immuno-
fi xation to look for evidence of a paraprotein; complement 3 and 4 levels, which 

  Fig. 21.5    Red blood cell cast ( arrow ) surrounded by dysmorphic red blood cells ( arrowheads ), 
consistent with glomerulonephritis (Image courtesy of Dr. Amar Bansal)       
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may be low in the context of urticarial  vasculitis  , systemic lupus, or  cryoglobuline-
mic vasculitis  ; and cryoglobulins; as well as any other workup warranted by the 
presenting signs and symptoms. Acute phase reactants (erythrocyte sedimentation 
rate and C-reactive protein) may be elevated in the presence of  cutaneous small ves-
sel vasculitis   but unfortunately are not useful in identifying patients more likely to 
have systemic involvement.   

21.7     Management 

21.7.1     Initial Management 

 Initial therapy (and prognosis) are dictated by the workup. More aggressive sys-
temic therapy is necessary in the case of renal or other organ involvement. Any 
underlying condition or trigger identifi ed should be addressed and treated, if 
possible. 

 If systemic involvement has been excluded, the treatment of skin-limited vascu-
litis should be symptom-focused. Because most cases are minimally symptomatic 
and self-limited, aggressive immunosuppression is generally not advisable. General 
measures such as rest and elevation, compression stockings to decrease stasis- 
related immune complex deposition, and topical steroids for itch may provide 
symptomatic relief and decrease the number of lesions. More than half of patients 
require no systemic treatment [ 7 ].  

21.7.2     Subsequent Management 

 Systemic therapy is indicated for skin-limited small vessel vasculitis if it is severe, 
intractable, or recurrent. Approximately 8–10 % of cases become chronic [ 9 ]. 
Systemic therapy may lessen discomfort, complications such as ulceration, and the 
psychosocial impact of the disease. For any episode that is not self-limited and lasts 
longer than a few weeks, systemic therapy is indicated even if the condition is rela-
tively asymptomatic. 

 Unfortunately, there is a dearth of high-quality data to guide management. 
Preferred target doses and durations are unknown, though several weeks of therapy 
may be required for an adequate therapeutic trial. Only one small randomized con-
trolled trial for  cutaneous small vessel vasculitis   has been performed, for  colchicine  . 
The study was limited to 20 patients and failed to show a signifi cant benefi t after 1 
month of therapy, though some patients fl ared upon withdrawal of the medication 
[ 26 ].  Colchicine   has been reported useful for skin and joint symptoms in open label 
studies, typically at doses of 0.6 mg 2–3 times daily, if gastrointestinal side effects 
are not limiting [ 27 ]. 
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  Dapsone  , a medication with anti-neutrophilic effects dosed at 50–200 mg daily, 
is supported by anecdotal experience and small case series [ 28 ]. It is contraindicated 
in those with glucose-6-phosphate dehydrogenase defi ciency and can cause methe-
moglobinemia and anemia due to hemolysis, necessitating regular laboratory moni-
toring. It can be combined with  colchicine   when monotherapy with either medication 
is unsuccessful. 

 Other options include  hydroxychloroquine   (200–400 mg daily), which may be 
most helpful in urticarial  vasculitis   associated  with   systemic lupus erythematosus 
[ 29 ];  pentoxifylline      (400–1200 mg daily), which can also be combined with  dap-
sone   [ 30 ], and non-steroidal anti-infl ammatory agents, which may help alleviate 
symptoms. The use of these agents is supported only by case series and anecdote. 

 Systemic corticosteroids dosed at 0.5–1.0 mg/kg/day prednisone equivalent are 
appropriate for those with severe, necrotic lesions or serious systemic manifesta-
tions, such as renal or gastrointestinal involvement. The response to therapy is usu-
ally rapid, and steroids should be tapered slowly to prevent rebound. Long-term 
corticosteroid therapy may not be required if the process is self-limited. For chronic 
cutaneous vasculitis, systemic steroids, with their associated side effects, are not a 
good long-term option. 

 When none of these agents is effective or tolerated, or if the vasculitis is chronic 
and refractory, various immunosuppressive agents can be considered, making sure 
to balance potential toxicities against the severity of the skin condition and whatever 
systemic manifestations are present. These include  azathioprine   (50–200 mg daily) 
[ 31 ], which is contraindicated if thiopurine methyltransferase levels are low;  metho-
trexate   (15–25 mg weekly) [ 32 ], with folic acid supplementation; mycophenolate 
 mofetil   (2–3 g daily) [ 33 ], which may be limited by gastrointestinal side effects. 
Agents such as  cyclophosphamide  ,  infl iximab  , and  rituximab   have been utilized in 
some refractory and severe cases but are rarely indicated [ 34 ,  35 ].   

21.8     Prognosis 

 Most episodes of small vessel vasculitis are self-limited, resolving in 3–4 weeks. In 
general, systemic involvement (if present) is minimal. However, serious internal 
organ dysfunction does rarely occur. Prognosis ultimately depends on the severity 
of organ involvement as well as any underlying associated medical disorder. While 
10 % of patients develop chronic or recurrent vasculitis, most cases have an overall 
good prognosis [ 7 ,  9 ].  

21.9     Future Directions 

 Despite this overall good prognosis, small vessel vasculitis can be a signifi cant 
source of morbidity for those with systemic disease as well as those with chronic 
and recurrent lesions. Because of the relative lack of data to guide management, 
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preferred treatment can vary widely, and patients frequently try more than one agent 
before success is achieved. Larger series and well-designed therapeutic trials are 
needed to help develop evidence-based guidelines for evaluation and treatment of 
this condition. One such multicenter, randomized trial of  colchicine  ,  dapsone  , and 
 azathioprine   for  cutaneous small vessel vasculitis   is currently in development [  36 ].     
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    Chapter 22   
 Adult Primary Central Nervous System 
Vasculitis                     

     Carlo     Salvarani     ,     Robert     D.     Brown Jr.    ,     Caterina     Giannini    , 
and     Gene     G.     Hunder   

    Abstract     Primary central nervous system vasculitis is an uncommon disorder of 
unknown cause that is limited to the brain and spinal cord. The median age of onset 
is 50 years. The neurological manifestations are diverse, but commonly include 
headache, altered cognition, focal weakness, or stroke. Serological markers of 
infl ammation are usually normal. Cerebrospinal fl uid is abnormal in approximately 
80–90 % of the cases. The diagnosis is unlikely in the presence of a normal mag-
netic resonance imaging (MRI) of the brain. Biopsy of central nervous system tissue 
showing vasculitis is the only defi nitive test, however angiography has often been 
used for diagnosis even though it has only moderate sensitivity and specifi city. The 
size of the vessels involved is varied and infl uences outcomes and response to treat-
ment. Early recognition is important because treatment with corticosteroids, with or 
without cytotoxic drugs, may prevent serious outcomes. The differential diagnosis 
includes reversible cerebral vasoconstriction syndromes and secondary cerebral 
vasculitis.  

   Primary central nervous system vasculitis (PCNSV) is an uncommon and poorly 
understood form of vasculitis that is limited to the brain and spinal cord. PCNSV 
represents the most frequent vasculitis involving the CNS (Table 1, from Arthritis 
Rheum 2006; 55:985–9; Table  22.1 ) [ 1 ]. Modern recognition of PCNSV as a sepa-
rate entity is generally dated to the mid-1950s when Cravioto and Feigin described 
several cases with a “non-infectious granulomatous angiitis” with a predilection for 
the nervous system [ 2 ]. PCNSV is a rare condition. The only reported incidence rate 
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for PCNSV derives from Olmsted County, Minnesota (USA) and is 2.4 cases per 
1,000,000 person years. Men and women are similarly affected. The median age at 
diagnosis is approximately 50 years [ 3 ]. Early case reports described PCNSV as a 
fatal condition scarcely responsive to the immunosuppressive treatment [ 4 ]; in con-
trast, successive cohort studies have reported a more favorable course [ 3 ]. Recent 
studies from Mayo Clinic have recognized that PCNSV is a heterogeneous condi-
tion composed of clinical subsets that differ in terms of outcomes and response to 
treatment [ 3 ,  5 – 10 ].

   Various types of primary  systemic vasculitides   may affect the central nervous 
system (CNS) [ 11 ,  12 ]. PCNSV needs to be differentiated from the  systemic vascu-
litides   with CNS involvement to avoid therapeutic and prognostic errors. 

 The aim of this review is to provide an update on the major recent advances on 
adult primary CNS vasculitis. 

22.1     Diagnosis 

 Diagnostic criteria for PCNSV were proposed by Calabrese and Mallek in 1988 on 
the basis of clinical experience and literature evidence (Table  22.2 ) [ 13 ]. 
Angiographic changes indicating a high probability of vasculitis include alternating 
areas of smooth walled narrowing and dilated cerebral arteries, or occlusions, affect-
ing multiple cerebral vessels in the absence of proximal vessel atherosclerosis or 
other recognized abnormalities. A single abnormality in multiple arteries or multi-
ple abnormalities in a single vessel are less consistent with PCNSV [ 3 ,  11 ,  12 ].

   Because of the more invasive nature of CNS biopsy,  angiography   has become 
preferred for confi rming the diagnosis in patients with suggestive clinical fi ndings. 

  Table 22.1    Vasculitides and 
connective tissue diseases 
associated with a diagnosis of 
CNS vasculitis or angiitis at 
the Mayo Clinic over a 
17-year period a   

 Condition 
 No. 
patients 

 Isolated CNS vasculitis  73 
 ANCA-associated vasculitis  13 
 Behçet’s disease  8 
    Giant cell arteritis  3 
 Undefi ned vasculitis  3 
    Systemic lupus erythematosus  9 
 Sjögren’s syndrome  2 
 Rheumatoid arthritis  2 
 Undefi ned connective tissue 
disease 

 1 

  Table from Table 1 manuscript: Salvarani 
et al. [ 1 ] 
  a  CNS  central nervous system,     ANCA  anti-
neutrophil cytoplasmic antibody  
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 However, angiographic changes typical of vasculitis may be seen in non–vascu-
litic conditions such as vasospasm, CNS infections, lymphomas, cerebral arterial 
emboli, and also atherosclerosis [ 4 ,  14 ]. 

 Furthermore, among pathologically documented cases,  cerebral angiography   
may be normal refl ecting vascular abnormalities in small vessels beyond the resolu-
tion of  angiography   [ 5 ]. 

 Overall, the sensitivity of  angiography   varies between 40 and 90 %, while the 
specifi city has shown to be as low as 30 % [ 3 ,  15 ]. 

 It is important to emphasize that the diagnosis of PCNSV should not be based on 
positive  angiography   alone, and that  angiography   results should always be inter-
preted in conjunction with clinical, laboratory, and  MRI   fi ndings. 

 Magnetic resonance  angiography   (MRA) is less sensitive than conventional 
 angiography   at detecting lesions involving the posterior circulation and distal ves-
sels [ 3 ,  16 ].  MRA   is a reasonable initial modality in the investigation of suspected 
PCNSV, however in cases highly suspected with normal  MRA  , a  cerebral angiogra-
phy   should be performed. 

 PCNSV is unlikely in the presence of a normal  MRI  . Several studies have reported 
abnormalities of  MRI   close to 100 % [ 3 ,  15 ]. Abnormal fi ndings on  MRI   are non 
specifi c and include cortical and subcortical infarction, parenchimal and leptomenin-
geal enhancement, intracranial hemorrhage, tumor-like mass lesions, and non-spe-
cifi c areas of increased signal intensity on FLAIR or T2-weighted images. 

 Wall thickening and intramural contrast enhancement could be specifi c fi ndings 
in patients with active cerebral vasculitis affecting large arteries. Occasionally, 
enhancement may be marked and extend into the adjacent leptomeningeal tissue 
(perivascular enhancement) [ 17 ,  18 ]. 

 High-resolution 3-tesla  contrast-enhanced MRI   may be able to differentiate 
enhancement patterns of intracranial atherosclerotic plaques (eccentric), infl amma-
tion (concentric), and other wall pathologies. However, the sensitivity and specifi c-
ity of this technique remains to be determined [ 19 ]. 

 Cerebral and meningeal biopsy remains the gold standard for diagnosis of 
PCNSV [ 11 ,  12 ,  20 ]. The procedure in expert hands is safe, being the risk of a 
 persistent problem only about 1 %. Diagnostic histopathological features include 
transmural vascular infl ammation affecting small and medium-sized leptomenin-
geal and parenchymal arterial vessels [ 20 ]. Granulomatous vasculitis is the most 

   Table 22.2    Diagnostic criteria for primary central nervous system vasculitis proposed by 
Calabrese and Mallek in 1988   

 1.  A history or clinical fi ndings of an acquired neurologic defi cit, which remain unexplained 
after a thorough initial basic evaluation 

 2.  Either classic angiographic or histopathologic features of vasculitis within the central 
nervous system 

 3.  No evidence of systemic vasculitis or of any other condition to which the angiographic or 
pathologic features could be secondary 

  A diagnosis of primary central nervous system vasculitis is made if all the above criteria are satis-
fi ed  
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common pattern of vasculitis.  Beta-4 amyloid   deposition is present in almost 50 % 
of biopsies with this pattern, but rarely seen in other histopathological patterns. 
Lymphocytic vasculitis is the second most predominant pattern. Necrotizing vascu-
litis is the least frequently seen pattern, characterized by acute necrotizing vasculi-
tis, similar to the pattern seen in polyarteritis nodosa, with transmural  fi brinoid 
necrosis  . 

 Vasculitis affects vessels in a skipped and segmental pattern, therefore because 
of sampling error a negative biopsy does not exclude the diagnosis of vasculitis. 

 Biopsy of a radiographically abnormal area is preferable to random sampling of 
the nondominant frontal lobe or temporal tip. Miller et al showed that 78 % of the 
targeted biopsies were diagnostic, whereas none of the blind biopsies demonstrated 
vasculitis [ 20 ]. 

 Stereotactic guidance may be used for deeper lesions but is usually unnecessary 
for the commonly biopsied, more superfi cial lesions.  

22.2     Clinical Manifestations and Laboratory 

 Clinical manifestations at diagnosis are listed in Table  22.3  (from Ann Neurol 2007; 
62:442–51, Table page 445) [ 3 ]. They are non-specifi c and multiple manifestations 
are usually present. The onset of the disease may be acute, however it is more fre-
quently insidious and slowly progressive.

   Headache, the most common symptoms of PCNSV, may be generalized or local-
ized, often slowly worsening and may spontaneously remit for periods.  Cognitive 
impairment   is the second most frequent manifestation. Focal neurological manifes-
tations are present in a large proportion of patients. Other manifestations such as 
ataxia, seizures, and intracranial hemorrhage are less frequent. Systemic symptoms 
such as fever and weight loss are uncommon. Symptoms related to spinal cord 
involvement may occasionally be the presenting manifestation. 

 Laboratory blood tests in PCNSV are usually normal including acute phase 
reactants. 

 CSF analysis is abnormal in 80–90 % of cases [ 3 ]. Changes include a mildly 
increased leukocyte count and total protein concentration. CSF analysis should 
include appropriate stains, culture, serologic and molecular tests, and fl ow cytome-
try studies to exclude infections or malignancy.  

22.3     Special Subsets 

 Several subsets of PCNSV have been identifi ed which may differ in terms of prog-
nosis and optimal management. 

 Spinal cord involvement has been documented in 5 % of patients, but it is rarely the 
only manifestation [ 21 ]. The thoracic cord is the predominantly affected site. A care-
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ful medical evaluation must be performed to confi rm the diagnosis of PCNSV and to 
exclude other conditions associated with acute or subacute transverse myelitis. 

 Angiography-negative, biopsy-positive PCNSV is constituted by patients with 
vasculitis limited to small vessels beyond the resolution of conventional  angiogra-
phy   [ 5 ]. These patients often have a cognitive dysfunction at presentation, marked 
elevation in CSF total protein level, meningeal or parenchymal enhancing lesions 
on  MRI  , respond favorably to treatment, and have a good outcome. 

 PCNSV may present with prominent leptomeningeal enhancement on  MRI   [ 6 ]. 
These patients have an acute clinical onset, a cognitive dysfunction is frequently pres-
ent, and negative  cerebral angiography   or  MRA  . CNS biopsies show a granulomatous 
vascular infl ammation, often associated with cerebral amyloid angiopathy (CAA). 

   Table 22.3    Clinical manifestations at presentation   

 Characteristics 

 All patients 
(N = 101), n 
(%) 

 Patients diagnosed 
by biopsy (n = 31), 
n (%) 

 Patients diagnosed by 
angiography (n = 70), 
n (%) 

 Headache  64(63)  16(52)  48(69) 
 Altered cognition  50(50)  22(71)  28(40) 
 Hemiparesis  44(44)  6(19)  38(54) 
 Persistent neurological defi cit or 
stroke 

 40(40)  8(26)  32(46) 

 Aphasia  28(28)  11(36)  17(24) 
 Transient ischemic attack  28(28)  5(16)  23(33) 
 Ataxia  19(19)  5(16)  14(20) 
 Seizure  16(16)  2(7)  14(20) 
 Visual symptom (any kind)  42(42)  9(29)  33(47) 
 Visual fi eld defect  21(21)  5(16)  16(23) 
 Diplopia (persistent or transient)  16(16)  5(16)  11(16) 
 Blurred vision or decreased 
visual acuity 

 11(11)  0(0)  11(16) 

 Monocular visual symptoms or 
amaurosis fugax 

 1(1)  0(0)  1(1) 

 Papilledema  5(5)  2(7)  3(4) 
 Intracranial hemorrhage  8(8)  2(7)  6(9) 
 Amnestic syndrome  9(9)  4(13)  5(7) 
 Paraparesis or quadriparesis  7(7)  4(13)  3(4) 
 Parkinsonism or extrapyramidal 
sign 

 1(1)  0(0)  1(1) 

 Prominent constitutional 
symptoms 

 9(9)  4(13)  5(7) 

 Fever  9(9)  4(13)  5(7) 
 Nausea or vomiting  25(25)  6(19)  19(27) 
 Vertigo or dizziness  9(9)  3(10)  6(9) 
 Dysarthria  15(15)  2(7)  13(19) 
 Unilateral numbness  13(13)  0(0)  13(19) 
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Almost all patients respond to corticosteroid therapy (alone or combined with immu-
nosuppressive agents) with resolution of  MRI   enhancement and an overall favorable 
course. 

 About a quarter of patients with biopsy-positive PCNSV have evidence of cere-
bral amyloid vascular deposition [ 7 ,  22 – 24 ]. This condition is defi ned as amyloid-β 
related angiitis or  ABRA   [ 22 ]. These patients usually have cognitive dysfunction 
and/or seizures/spells at presentation, higher concentrations of CSF protein, and 
enhancing leptomeningeal lesions on  MRI  . They usually are angiography-negative 
because the vasculitis is limited to small cortical and leptomeningeal vessels beyond 
the resolution of conventional  angiography  . Cerebral biopsy is required for the diag-
nosis. Brain biopsy samples show a granulomatous histopathological pattern plus 
vascular deposits of amyloid-β. Patients with  ABRA   usually respond favorably to 
treatment and have a good outcome. Early recognition and treatment of ABRA will 
help avoid serious outcomes. Two pathologic infl ammatory reactions to the deposi-
tion of amyloid-β in the cerebral vessels have been described: one with a vasculitic 
transmural, often granulomatous, infl ammation ( ABRA  ), and the second with a peri-
vascular non-destructive infl ammatory infi ltration, so called CAA-related infl amma-
tion [ 22 – 24 ].  ABRA   and CAA-RI more closely resemble PCNSV than CAA without 
vascular infl ammation and likely are part of the same pathologic spectrum [ 22 ]. 

 Rapidly progressive PCNSV represents the worst end of the clinical spectrum of 
this vasculitis [ 8 ]. Patients have a rapidly progressive course and often fatal out-
come. They are characterized by bilateral, multiple, large cerebral vessel lesions on 
angiograms, and multiple bilateral cerebral infarctions. The predominant histopath-
ological pattern is granulomatous and/or necrotizing. These patients respond poorly 
to the traditional immunosuppressive treatment. 

 Approximately 4 % of PCNSV patients present with a solitary tumor-like mass 
lesion [ 25 ]. An association with CAA was observed in 29 % of these patients. 
Excision of the lesion may be curative, however in some patients aggressive immu-
nosuppressive therapy has resulted in a favorable outcome, obviating the need of 
surgery. 

 Intracranial hemorrhage (IH) is a presenting manifestation in 11–12.2 % of 
patients [ 9 ]. Intracerebral hemorrhage is the most common, followed by  subarach-
noid hemorrhage  . These patients have less frequently altered cognition, a persistent 
neurologic defi cit, or  MRI   evidence of cerebral infarctions during the disease 
course. Necrotizing vasculitis is the predominant histopathologic pattern on biopsy.  

22.4     Differential Diagnosis 

 It is essential to differentiate between PCNSV and both its mimics and secondary 
causes of CNS vasculitis given the different therapeutic and prognostic 
implications. 

 The most common mimics of PCNSV  are   reversible cerebral vasoconstriction 
syndromes (RCVS) which group various disorders reported on different appella-
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tions ( Call-Fleming syndrome  ,  postpartum angiopathy  ,  migrainous vasospasm  , 
 drug-induced cerebral vasculopathy  ) with symptoms caused by vasocostrinction 
rather than vasculitis [ 26 ]. Differentiation is crucial since immunosuppressive ther-
apy beyond a short course of prednisone is not warranted for syndromes caused by 
vasoconstriction (Table  22.4 ).

   Infectious agents reported in association with CNS vasculitis, include varicella 
zoster virus, HIV, treponema pallidum, hepatitis C virus, parvovirus B19, cytomeg-
alovirus, mycoplasma pneumoniae, borrelia burgdorferi, mycobacterium tuberculo-
sis, bartonella, and rickettsiae. 

 Fungal infections (aspergillosis, mucormycosis, coccidioidomycosis, and candi-
diasis) and subarachnoid cysticercosis have also been implicated in some cases. 

 CNS vasculitis is most commonly reported in anti-neutrophil cytoplasmic anti-
body (ANCA)-associated vasculitis, and Behçet’s disease. It has been also reported, 
although rarely, in polyarteritis nodosa, Henoch-Schonlein purpura, Kawasaki dis-
ease,    giant cell arteritis, and Takayasu arteritis. 

 CNS vasculitis is an uncommon manifestation of neuro-SLE, rheumatoid arthri-
tis, primary Sjögren syndrome, dermatomyositis, and mixed connective tissue 
disease. 

 PCNSV has been associated with lymphoma, particularly Hodgkin disease. 
 Secondary CNS vasculitis has also been described in patients with neurosarcoid-

osis,    infl ammatory bowel disease, graft versus host disease, and with the use of 
some drugs (cocaine, amphetamine, ephedrine, and phenylpropanolamine).  

   Table 22.4    Discriminating features of PCNSV and RVCS   

 Characteristics  PCNSV  RVCS 

 Precipitating 
factor 

 no  Onset in postpartum phase or 
after exposure to vasoactive 
substances 

 Onset  More insidious, progressive course  Acute onset followed by a 
monophasic course 

 Headaches  Chronic and progressive  Acute, thunderclap type 
 CSF fi ndings  Abnormal (leukocytosis and elevated total 

protein) 
 Normal to near normal 

  MRI    Abnormal in almost all patients  Normal in 70 % of patients 
  Angiography    It may be normal, otherwise diffuse 

abnormalities often indistinguishable from 
RCVS. Irregular and asymmetrical arterial 
stenoses or multiple occlusions are more 
suggestive of vasculitis. The abnormalities 
may be irreversible 

 Always abnormal, strings of 
beads appearance of cerebral 
arteries, abnormalities 
reversible within 6–12 weeks 

 Cerebral biopsy  Vasculitis  No vasculitic changes 
 Drug treatment  Prednisone with/without cytotoxic agents  Nimodipine 

  Abbreviations:  PCNSV  primary central nervous system vasculitis,  RVCS  reversible vasoconstric-
tion syndrome,  CSF  cerebrospinal fl uid,   MRI    magnetic resonance imaging  
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22.5     Treatment and Outcomes 

 There are no randomized clinical trials of medical management in PCNSV. Therefore, 
treatment for PCNSV has been derived from therapeutic strategies used in other 
vasculitides, from anecdotal reports, and from PCNSV cohort studies. Earliest 
reports suggested a poor prognosis with fatal outcome in the majority of the cases, 
and transient or doubtful effi cacy  of   glucocorticoids. 

 Cupps and Fauci in 1983 fi rst found  cyclophosphamide   (CYC) in combination 
with corticosteroids to be effective also in PCNSV [ 27 ]. 

 The most recent PCNSV cohort studies have described a more favorable course 
of PCNSV. In a cohort study of 101 patients, a favorable response  to   glucocorticoids 
alone or in combination with CYC was achieved in 81 % of the cases [ 3 ]. 

    Glucocorticoid therapy should be initiated as soon as the diagnosis of PCNSV is 
established. We recommend an initial dose of prednisone of 1 mg/Kg/day (or equiv-
alent) as a single or divided dose. If the patient does not respond promptly, CYC 
should be started. A short course of oral CYC for 3–6 months could be recom-
mended also in PCNSV to induce remission, as in other vasculitides. Intravenous 
pulses of CYC are probably safer than daily oral therapy, while it is unclear whether 
the two regimes differ in terms of effi cacy in PCNSV. Subsequently, one could con-
sider a lower-risk immunosuppressant such as  azathioprine  ,  methotrexate  , or myco-
phenolate  mofetil   (MMF) for maintenance of remission. A treatment course of 
12–18 months is adequate in the majority of cases. 

 Tumor necrosis factor-α (TNF-α) blockers and anti-CD20 therapy with  ritux-
imab   have successfully been used to treat patients with PCNSV resistant  to   gluco-
corticoids and immunosuppressants [ 28 – 30 ]. 

 There is emerging evidence that all patients with PCNSV do not require the same 
therapy. Relapses/recurrences were recorded in only 26 % of the Mayo Clinic series 
[ 3 ]. Patients with relapsing disease required longer therapy, but otherwise had out-
comes similar to those without relapses. 

 Therapy appears to be associated with a favorable outcome in most patients. In 
the Mayo Clinic series most patients with low disability at diagnosis continued to 
have low disability at last follow-up, while most of the 22 patients with severe dis-
ability at diagnosis had less disability at follow-up [ 3 ]. 

 Serial  MRI   and  MRA   (4–6 weeks after the beginning of treatment, then every 
3–4 months during the fi rst year of treatment, or in case of new neurological defi cit), 
as well as repeat careful neurological examinations are useful to monitor the disease 
course. In patients with stable imaging but worsening clinical symptoms, repeat 
spinal fl uid exam and repeat  angiography   may be indicated. 
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22.5.1     Lesson from the Mayo Clinic Cohort of Patients 
with Adult PCNSV 

 A recent report described the treatments and outcomes and evaluated the fi ndings at 
diagnosis predicting the response to treatment and outcome in a series of 163 con-
secutive patients with PCNSV who were seen at the Mayo Clinic over a 29-year 
period [ 31 ]. 157 patients  received   glucocorticoids (median starting dose of oral 
prednisone: 60 mg/day). In 66 patients, intravenous (IV) pulse methylprednisolone 
therapy preceded oral prednisone. 75 patients were initially treated with prednisone 
alone, while in 82 patients prednisone was combined with a second drug, mainly 
CYC (72 patients were treated with oral or intermittent IV pulses). A favorable 
response was observed in most of the patients treated with prednisone alone or in 
combination with CYC. Response rates were similar (about 83 %) in both treatment 
groups with improvement of disability (Rankin scale scores) over time. 72 % of the 
patients achieved a sustained therapeutic response (no relapses) during follow-up. 
The median duration of all therapy was around 11 months in both treatment groups. 
No differences in outcomes (disability and mortality) were observed in the 2 treat-
ment groups; the only difference was the frequency of relapses. Treatment  with 
  glucocorticoids alone was associated with more frequent relapses (39 % versus 18 
%, p = 0.006). Patients with relapses needed longer therapy compared with those 
without relapses (median duration: 18 months versus 9 months; p < 0.001), but 
relapses were not associated with increased mortality or worse disability (Rankin 
score) at the last follow-up visit. 

 This study also evaluated clinical characteristics by diagnosis associated with 
treatment response, relapses and inability to discontinue treatment at the last follow 
up. Large-vessel involvement (OR 6.14) and cerebral infarcts on  MRI   at diagnosis 
(OR 3.32) were signifi cantly associated with a poor response to treatment, while 
prominent gadolinium-enhanced cerebral lesions or meninges assessed by  MRI   
(OR 2.28) were signifi cantly associated with longer therapy, which was often being 
continued at the time of last follow-up. No other fi ndings except the treatment with 
prednisone alone (OR 2.90) were associated with relapse. 

 Most of the 15 patients initially treated with an immunosuppressive agent differ-
ent from CYC (mainly  azathioprine   or mycophenolate mofetil) had a favorable 
response, suggesting in some patients the possible use of a less toxic alternative to 
CYC for the induction of remission [ 31 ]. 

 We also evaluated the association of clinical fi ndings at diagnosis with Rankin 
score outcomes at last follow-up and survival [ 23 ]. High disability scores at last 
follow-up and increased mortality were both signifi cantly associated with  increasing 
age (OR 1.44 and HR 1.39, respectively) and presence of cerebral infarction 
observed on  MRI   at presentation (OR 3.74 and HR4.44, respectively), while patients 
with gadolinium-enhanced meninges or lesions on  MRI   (OR 0.35 and HR 0.20, 
respectively) had lower disability and less risk of death. Patients  with   amyloid angi-
opathy (0R 0.24) had lower disability at follow-up, while diagnosis by  angiography   
alone (HR 3.28) compared with biopsy and the presence of large vessel involvement 
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on angiograms (HR 4.98) were signifi cantly associated with an increased mortality. 
These differences were related to the different size of cerebral vessels involved by 
the infl ammatory process. Patients with rapidly progressive PCNSV and often fatal 
outcome were characterized by the angiographic presence of bilateral, multiple, 
large vessel lesions and  MRI   evidence of multiple cerebral infarctions. They repre-
sented the worst end of the clinical spectrum of PCNSV [ 8 ,  10 ]. A more benign 
course was associated with angiography-negative patients but biopsy evident 
involvement of small cortical and leptomeningeal vessels often presenting with a 
cognitive disorder and  MRI   evidence of prominent leptomeningeal enhancement [ 5 , 
 6 ]. Patients with Aβ-related angiitis ( ABRA  ) defi ned by deposition of amyloid-β in 
the media and adventitia of small cortical and leptomeningeal vessels belong to this 
clinically less aggressive subset [ 7 ,  22 ]. In view of these fi ndings we proposed a 
treatment algorithm mainly based on the size of the vessels involved by the infl am-
mation (Fig.  22.1 ) [ 23 ]. In patients with infl ammation restricted to small cortical 
and leptomeningeal vessels who have a more benign disease, prednisone alone was 
recommended as initial therapy (initial dose of 1 mg/Kg/d), while in patients with 
more severe large/proximal vessel disease and in those with a rapidly progressive 
course, high-dose intravenous methylprednisolone (1,000 mg daily for 3–5 days) 
and CYC can be used to attempt to induce remission immediately after diagnosis. 
There is insuffi cient reported experience to suggest replacing CYC with the less 
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Suggested Treatment Algorithm for Adult PCNSV

Patient with a diagnosis of PCNSV

Small/distal vessel disease
• Angiography negative and biopsy positive
• Prominent leptomeningeal enhancement on

MRI, in absence of cerebral infarcts
• Diagnosed with Aβ-related angitis (ABRA)

Large/proximal vessel disease
• Angiography positive (in particular those with

large/proximal vessel abnormalities)
• Present on with cerebral infarcts
• Rapidly progressive disease course

Oral prednisone (1 mg/kg per day); for acute
onset consider methylprednisolone bolus
therapy (1000 mg per day for 3-5 days) 

Induction therapy: Methylprednisolone bolus
therapy (1000 mg per day for 3-5 days),
oral prednisone (1 mg/kg per day), and
cyclophosphamide (oral 2 mg/kg per day
for 3-6 months, or IV 0.75 g/m2 per month
for 6 months)

Maintenance therapy: Low-dose prednisone
with azathioprine (1-2 mg/kg per day), or
mycophenolate mofetil (1-2 g per day)

Progressive
tapering of
prednisone

Add cyclophosphamide,
or oral, or monthly

pulse treatment

Consider adding
TNF-blocker or rituximab

Response No response or
insufficient response

Response

No response or
insufficient response

Response

No response or
insufficient response

  Fig. 22.1    Suggested treatment algorithm for primary central nervous system vasculitis (PCNSV) 
(Reproduced from Salvarani and colleagues [ 23 ], by permission of Wolters Kluwer Health, Inc.)       
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toxic AZA or  MMF   for the induction of remission. However, these two immuno-
suppressors appear to be effective for the maintenance of remission.  Methotrexate   
was seldom used in published studies, and therefore was not included in the algo-
rithm. A small number of case reports have shown the effi cacy of tumor necrosis 
factor- alpha blockers and  rituximab   in adult PCNSV [ 28 – 30 ], indicating these 
agents may be helpful in patients who are intolerant or respond poorly to CYC.

   A recent manuscript evaluated the effi cacy and safety of  MMF   in PCNSV and 
compared long-term neurological outcomes in patients treated with this drug and 
in those receiving other therapies [ 32 ]. Most of the 11 patients who were initially 
treated with  MMF   or received this drug for a recurrence of vasculitis went into 
disease remission and did not have fl ares while on treatment. Four of the 5 
patients who received  MMF   as maintenance treatment continued in remission 
without fl ares at last visit and all 4 were able to suspend/reduce GCs. Furthermore, 
the patients treated with  MMF   had less severe disability at last follow-up com-
pared to those receiving CYC and prednisone. Only 1 patient had important tox-
icity (leukopenia) requiring stopping the drug. The overall results indicated that 
 MMF   is an effective and safe therapy for adult PCNSV. However, more experi-
ence is needed to determine if  MMF   combined with GCs reliably works as fi rst 
line induction or maintenance therapy in PCNSV. The effi cacy of  MMF   was also 
found in children with PCNSV. Hutchinson et al observed that, in children with 
small vessel childhood PCNSV,  MMF   was more effective and safer than AZA as 
maintenance steroid- sparing therapy after induction therapy with GCs and CYC 
[ 33 ]. A different small case series reported that  MMF   was also effective in 3 
children with PCNSV refractory to the combination of GCs and another fi rst-line 
immunosuppressive agent [ 34 ]. 

 Our understanding of PCNSV and the delineation of its spectrum and subsets has 
advanced but further study is needed to clarify methods of diagnosis and optimal 
management.      
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    Chapter 23   
 Diagnosis and Therapy for Peripheral 
Vasculitic Neuropathy                     

     Franz     Blaes    

    Abstract     Vasculitic neuropathy may occur as a part of systemic vasculitis or an 
isolated vasculitis of the peripheral nervous system. The typical clinical syndrome 
is mononeuropathia multiplex, but distal-symmetric neuropathy can also be 
observed. Neurophysiological examination reveals axonal damage in most cases 
and nerve biopsy shows infl ammatory infi ltrates together with vessel wall damage. 
Treatment includes steroids, cyclophosphamide, azathioprine, rituximab and other 
immunosuppressants. This chapter provides an overview about clinical, laboratory 
and histopathological diagnostic criteria and the current treatment options for vas-
culitic neuropathy.  

  Keywords     Vasculitis   •   Neuropathy   •   Immunosuppressive treatment   •   Rheumatology  

23.1       Introduction 

 Vasculitic neuropathies are a group of infl ammatory neuropathies, characterised by 
infl ammation of the vasa nervorum, mainly the epineural arteries of the nerve. They 
can occur as non-systemic vasculitis (non-systemic vasculitic neuropathy NSVN, 
exclusively affecting the peripheral nervous system) or part of a systemic vasculitis 
including the involvement of other organs (systemic vasculitic neuropathy) (Table 
 23.1 ). The differential diagnosis may be diffi cult, if the neuropathy is the fi rst mani-
festation of vasculitis. The exact incidence of vasculitic neuropathy has never been 
investigated in bigger studies. However, the annual incidence of systemic vasculitis 
is 60–140/million, which includes a part of 30 % secondary systemic vasculitis [ 1 , 
 2 ]. In nerve biopsy specimen obtained in neuropathy of unknown reason, about 1 % 
show vasculitic neuropathy [ 3 ,  4 ]. Some systemic vasculitic diseases are rarely 
associated with neuropathy, whereas in others, such as  Churg-Strauss syndrome  , it 
belongs to the diagnostic criteria (Table  23.2 ) [ 5 ].
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23.2         Classifi cation 

 In 1990, the American College of Rheumatology presented classifi cation criteria for 
PAN, CSS,  GPA   and others. However, this classifi cation was criticized because (1) 
there was no discrimination between vasculitis from non-vasculitic disease and (2) 
   ANCA testing was not included in the classifi cation.  The   Chapel Hill consensus 
conference (CHCC) in 1994 proposed defi nitions for most vasculitic diseases 
according to the size and pathology of the involved vessels [ 6 ]. In 2007, a new clas-
sifi cation incorporating both ACR  and   CHCC criteria was established and Wegener’s 

   Table 23.1    Classifi cation of 
vasculitic diseases according 
to [ 8 ,  9 ]  

  Primary systemic vasculitis  
 1. Small vessel vasculitis 
      Microscopic polyangiitis 
   Eosinophilic granulomatosis with  polyangiitis   

(Churg-Strauss-Syndrome) 
   Granulomatosis with  polyangiitis   (GPA) 
   Essential mixed cryoglobulinemia (non-Hepatitis 

C) 
    Henoch-Schönlein purpura   
 2. Medium vessel vasculitis 
   Polyarteritis nodosa 
 3. Large vessel vasculitis 
      Giant cell arteritis 
  Secondary systemic vasculitis  
 1. Connective tissue diseases 
   Rheumatoid arthritis 
      Systemic lupus erythematosus 
   Sjögren’s syndrome 
   Systemic sclerosis 
   Dermatomyositis 
   Mixed connective tissue disease 
 2.  Sarcoidosis   
 3. Behçet’s disease 
 4. Infections (Hepatitis B and C, HIV, CMV and 
others) 
 5. Drugs 
 6. Malignancy 
 7.    Infl ammatory bowel disease 
 8.    Hypocomplementemic urticarial vasculitis 
syndrome 
  Non-systemic or localised vasculitis  
 1. Non-systemic vasculitic neuropathy 
 2. Diabetic/non-diabetic radiculoplexus neuropathy 
(DRPLN/RPLN) 
 3. Localised cutaneous or neuropathic vasculitis 
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granulomatosis was renamed granulomatosis with  polyangiitis   [ 7 ]. The 2012  sec-
ond   CHCC updated some of the diagnostic criteria for vasculitis. More recently, it 
has been proposed to divide the vasculitic neuropathies in two groups according to 
the size of the affected nerve vessels, distinguishing a nerve large arteriole vasculitis 
from a nerve microvasculitis. The latter involves arterioles <40 μm and endoneurial 
microvessels and includes the most non-systemic vasculitic neuropathy, Sjögren 
syndrome and some virus-associated vasculitic neuropathies [ 8 ]. Most neurologists 
also use the classifi cation developed from the Peripheral Nerve Society Task Force. 
Vasculitic neuropathy is categorized in primary systemic vasculitis, secondary sys-
temic vasculitis or non-systemic/localized vasculitis depending on the disease- 
associations (Table  23.1 ) [ 9 ].  

23.3     Pathogenesis 

 Blood supply in the peripheral nervous system is secured by the regional vasa ner-
vorum, which feed an extensive network between the epineurial and the endoneurial 
vessels. This allows a functionality of the peripheral nerve even under anaerobic 
conditions and makes the nerve quite resistant to ischemic damage [ 10 ]. The under-
lying etiology of the vasculitic disease may be different, and, in some diseases, not 
completely understood. However, occlusion of vessels by vascular infl ammation 
leading to ischemic nerve damage is the common fi nal path in vasculitic neuropathy. 

  Table 23.2    Frequency of 
neuropathy in vasculitic 
diseases (according to [ 77 , 
 85 ])  

 Disease  Frequency  Reference 

  Primary systemic vasculitis  
    Giant cell arteritis  Rare  [ 101 ,  102 ] 
 Polyarteritis nodosa  65–85 %  [ 50 ,  103 ] 
  Churg-Strauss syndrome    65–80 %  [ 22 ] 
 Granulomatosis with polyangiitis  5–50 %  [ 50 ,  104 ] 
 Microscopic polyangitis  6–75 %  [ 50 ] 
 Cryoglobulinemia  30–70 %  [ 44 ,  105 ] 
  Secondary systemic vasculitis  
 1. Connective tissue diseases 
    Systemic lupus erythematosus  20–27 %  [ 106 ] 
 Rheumatoid arthritis  15–70 %  [ 107 ,  108 ] 
 Sjögren syndrome  30–45 %  [ 109 ,  110 ] 
 Systemic sclerosis (scleroderma)  5–30 %  [ 44 ,  111 ] 
 2. Others 
 Infections ( HBV  , HCV, HIV)  5–70 %  [ 44 ,  50 ,  73 ] 
  Sarcoidosis    5–10 %  [ 68 ] 
 Malignancy  Rare  [ 112 ] 
 Drugs  Rare  [ 75 ,  113 ,  114 ] 
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This ischemic damage occurs diffusely in the whole nerve, but with a maximum 
effect in the proximal and middle parts of the nerves, which is the most vulnerable 
zone to ischemia [ 11 ]. In cryoglobulinemia,  anti-sulfatide antibodies   can be found, 
which may be involved in the pathogenesis [ 12 ]. An increased expression of nerve 
growth factor (NGF) may be involved in the pain development of vasculitic neu-
ropathy [ 13 ].  

23.4     Clinical Features and Diagnostic Procedures 

 The typical clinical presentation of vasculitis is  mononeuropathia multiplex  . 
However, about 30–60 % of patients with vasculitis have other clinical types of 
neuropathy including painful sensorimotor axonal neuropathy or pure sensory neu-
ropathy or asymmetric neuropathy. Pain is a regular symptom in most vasculitic 
neuropathies. In biopsy-proven vasculitic neuropathy, 10–40 % are distal- symmetric 
pattern [ 14 – 16 ]. The peroneal and tibial nerves on the lower and the ulnar nerve on 
the upper limb are most frequently involved in vasculitic neuropathy. However, 
there is no association of a distinct clinical pattern with a special type of vasculitic 
disease. The majority of vasculitic neuropathies develop subacute within days to 
weeks and only in a few cases, a chronic, slowly progressing neuropathy has been 
observed. About 80 % of neuropathies associated with systemic vasculitis, but also 
50 % of patients with non-systemic vasculitic neuropathies have general symptoms 
(weight loss, fever, myalgia, or fatigue). 

 The neurophysiological examination shows multifocal axonal neuropathy 
including reduced CMAP amplitudes with only slightly reduced nerve conduction 
velocities (NCV) in neurography [ 14 ,  17 ,  18 ]. However, if the CMAP amplitudes 
are massively reduced, the NCV can also be reduced because of the loss of thick 
myelinated fi bres. A transient nerve conduction block can be observed early after 
symptom onset and represents an ongoing Wallerian degeneration, which has not 
been completed distal of the affected nerve; however, within 1–2 weeks, this phe-
nomenon disappears. Electromyography reveals neurogenic pattern including spon-
taneous muscle fi ber activity, and polyphasic, extended, or high-amplitude motor 
unit action potentials (MUAP). However, if an additional vasculitic myopathy is 
also present, myopathic and neurogenic changes can be observed at the same time 
[ 9 ,  19 ]. 

 Whenever systemic vasculitis or another reason for the neuropathy is not known, 
a variety of laboratory investigations should be performed. As a fi rst step, routine 
laboratory investigations should be performed in neuropathies with unknown rea-
son. If an infl ammatory neuropathy is suspected, a more detailed laboratory investi-
gation should be performed (Table  23.3 ). Analysis of the cerebrospinal fl uid will not 
increase the sensitivity to detect vasculitic neuropathy, but can be an important 
investigation in the differential diagnosis of an as yet unclear neuropathy. Other 
routine technical diagnostic procedures depend on the suspected diagnosis (Table 
 23.4 ).
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    If a patient develops subacute asymmetrical neuropathy or  mononeuropathia 
multiplex   without evidence for systemic vasculitis, nerve biopsy should be per-
formed. In most cases, the sural nerve is used with or without muscle biopsy. The 
combined biopsy of the superfi cial peroneal nerve together with the peronaeus bre-
vis muscle is an alternative to the sural nerve biopsy [ 20 ]. Although controlled stud-
ies are lacking, the combined nerve/muscle biopsy has a slightly higher sensitivity 
to detect vasculitis and the biopsy of the peronaeus brevis muscle may be more 
effective than the gastrocnemius muscle. One study used a proximal muscle for 
biopsy (quadriceps) and showed no increased yield for vasculitic neuropathy com-
pared to nerve biopsy alone, indicating that distal muscles are more suitable for 
biopsy in suspected vasculitis [ 14 ]. 

23.4.1     Pathology 

 The histopathological diagnosis of vasculitic neuropathy requires different criteria, 
which have been set up in detail in a guideline of the Peripheral Nerve Society [ 9 ]. 
The defi nite diagnosis of vasculitis includes both intramural infl ammation (Fig.  23.1 ) 

   Table 23.3    Laboratory investigations in suspected vasculitic neuropathy (modifi ed according to 
[ 85 ])   

 Basic neuropathy screening  Vasculitis suspected 

 Full blood count  Antinuclear antibodies (ANA) 
 Erythrocyte sedimentation rate  Anti-neutrophil cytoplasmic antibodies ( ANCA  , 
 Vitamin B6, B12  including exact determination of the antibody) 
 C-reactive protein  Extractable nuclear antigens (ENA) 
 Fasting glucose (2 consec. days)  Rheumatoid  factor   
 Electrolytes  Anti-CCP antibodies 
 Renal and liver function  Cryoglobulins 
 Creatinkinase  HIV serology 
 Serum protein immunofi xation  Urine analysis (microalbuminuria ?) 
 Hepatitis B and C serology  Cerebrospinal fl uid analysis 
 Thyroid function  Angiotensin-converting enzyme 

 Soluble interleukin-2 receptor 
 Antineuronal antibodies 
 Serum complement C3, C4 

   Table 23.4    Technical investigations in suspected vasculitic neuropathy   

 Method  Neuropathy 

 Chest X-Ray   Sarcoidosis  , paraneoplastic neuropathy 
 CT Chest/Abdomen  Paraneoplastic neuropathy 
 Visceral  angiography       Polyarteritis nodosa (PAN) 
 Salivary gland biopsy  Sjögren syndrome, Mikulicz syndrome 
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and additionally vessel damage (Table  23.5 ). It can be distinguished between fi nd-
ings in active lesions and chronic lesions. However, not all patients meet the criteria 
for defi nite vasculitic neuropathy, although vasculitis is clinically highly suspected. 
For these cases, criteria for probable vasculitic neuropathy have been established 
(Table  23.6 ). The histopathological picture shows mainly axonal damage, and the 
predominant blood vessels affected are epineurial more than peri- or endoneurial. 
The cellular infi ltrates include mainly T-lymphocytes and macrophages, B-cells are 
rarely seen. In PAN and CSS eosinophils may also be present. Immune complex 

  Fig. 23.1    Peripheral nerve vasculitis. Epineurial vessel with lymphocyte infi ltration and subtotal 
stenosis. Lymphocytes stained with anti-LCA (lymphocyte common antigen) antibody (Courtesy 
of Prof. J. Weis, Aachen)       

   Table 23.5    Diagnostic criteria for defi nite vasculitic neuropathy (according to [ 9 ])   

 1. Active lesion: nerve biopsy showing collection of infl ammatory cells in vessel wall and one 
or more signs of acute vascular damage: 
   (a)  Fibrinoid necrosis   
   (b) Loss/disruption of endothelium 
   (c) Loss/fragmentation of smooth muscle cells in media 
   (d) Acute thrombosis 
   (e) Vascular/perivascular hemorrhage 
   (f) Leucocytoclasia 
 2. Chronic lesion with signs of healing/repair: nerve biopsy showing collection of mononuclear 
infl ammatory cells in vessel wall and one or more signs of chronic vascular damage with repair: 
   (a) Intimal hyperplasia 
   (b) Fibrosis of media 
   (c) Adventitial/periadventitial fi brosis 
   (d) Chronic thrombosis with recanalisation 
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deposits consisting of complement proteins, immunoglobulins and fi brinogen may 
be present [ 21 ,  22 ].

23.5           Primary Systemic Vasculitides 

 Neuropathies associated with primary systemic vasculitides have been classifi ed 
according to the diameter of the affected blood vessels into three groups: large- 
vessel-, medium-vessel-, and small-vessel vasculitis. Vasculitic neuropathy can be 
observed predominantly in the small-vessel- and medium-vessel vasculitides, since 
the vessel diameters in nerves and muscles are mainly in a range between 50 and 
300 μm. 

23.5.1     Large Vessel Vasculitides 

 The large vessel vasculitides include Takayasu arteritis  and   giant cell arteritis. 
Takayasu arteritis is normally not associated with neuropathies, but shows signifi -
cant central nervous system involvement, mainly strokes.    Giant cell arteritis patients 
often have central nervous system involvement, in some rare cases, neuropathies 
have been described [ 23 ].  

23.5.2     Medium-Sized Vessel Vasculitides 

23.5.2.1        Polyarteritis Nodosa (PAN) 

  The   polyarteritis nodosa is a very rare disease, the annual incidence decreased to 
0.1–1.6 cases/million in developed countries after establishment of hepatitis B vac-
cination [ 24 ]. The histopathological features have been revised in the CHCC. PAN 

   Table 23.6    Diagnostic criteria for probable vasculitic neuropathy (according to [ 9 ])   

 1. Pathologic criteria for defi nite vasculitic neuropathy not fulfi lled and 
 2. Predominantly axonal changes and 
 3. Perivascular infl ammation accompanied by signs of active or chronic vascular damage; or 
Perivascular/vascular infl ammation plus at least one additional class II or III pathologic 
predictor of defi nite vasculitic neuropathy: 
   (a) Vascular deposition of complement, IgM, or fi brinogen by direct immunofl uorescence 
   (b) Hemosiderin deposits 
   (c) Asymmetric nerve fi bre loss or degeneration 
   (d) Prominent active axonal degeneration 
   (e) Myofi ber necrosis, regeneration or infarcts in peronaeus brevis muscle biopsy 
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is a disease of the small and medium-sized arteries, sparing arterioles, capillaries 
and venules. The vascular infl ammation is segmental, often predominantly seen in 
branching points with mixed infl ammatory infi ltrates [ 25 ]. In later stages vascular 
remodelling with intima hyperplasia and diffuse fi brotic changes can be found. PAN 
can develop as idiopathic form, but also associated with viral infections. Hepatitis B 
was the main virus inducing PAN, but hepatitis C virus, cytomegalovirus, HIV, par-
vovirus B19 and even streptococci can also trigger the disease. The clinical symp-
toms include constitutional symptoms, such as fever, weight loss and arthralgia, but 
also organ involvement of different organ symptoms, of which skin symptoms and 
nervous system involvement are the most frequent. In contrast to other primary 
 systemic vasculitides  , PAN is a typical monophasic disease with a relapse rate of 
less than 10 %. Heart and central nervous system involvement determines a poor 
prognosis. The French vasculitis group proposed a fi ve factor  score   for estimation 
of the prognosis of PAN. Neuropathies can be found in about 75 % of PAN patients 
[ 26 ]. The typical manifestation is a painful  mononeuropathia multiplex  , but distal- 
symmetric sensorimotor neuropathies and even chronic infl ammatory demyelinat-
ing polyneuropathy (CIDP) can be observed as peripheral nervous system 
involvement in PAN [ 5 ]. There is no typical laboratory abnormality, blood sedimen-
tation rate and C-reactive protein are often elevated and PAN is not associated  with 
  ANCA. The diagnosis can be confi rmed by the typical histological features in 
biopsy and/or the detection  of   microaneurysms in the intestinal  angiography  .   

23.5.3     Small Vessel Vasculitides 

23.5.3.1      Churg-Strauss Syndrome   (CSS) 

 This vasculitis type was fi rst described in 1951 by Churg and Strauss. A develop-
ment over different phases can be observed: (1) a prodromal phase with asthma or 
rhinitis, which can last for years before the vasculitic symptoms develop, (2) an 
intermittent phase with eosinophilia and pulmonary eosinophilic infi ltrates, and 
(3) the main vasculitic manifestation including cutaneous, gastrointestinal symp-
toms, sinusitis, arthralgia and vasculitic neuropathy. PNS involvement is frequent 
(75–80 % of patients) and neuropathy can be the initial manifestation in a substan-
tial proportion of patients [ 27 ]. The main clinical syndrome is  mononeuropathia 
multiplex  , some patients may have pure sensory or sensorimotor distal neuropathy 
[ 28 ,  29 ]. Neurophysiological examination shows typically an axonal damage. 
Eosinophilia in the peripheral blood can be found regularly and in 40–70 % of 
patients, pANCA are positive [ 30 ]. Eosinophilic infi ltrates are present in biopsy 
specimen of nerve and other tissues [ 29 ]. One study suggests two different histo-
pathological types of neuropathy in CSS patients. In this study, ANCA-positive 
CSS patients have predominantly necrotizing vasculitis in the nerve biopsy, 
whereas ANCA-negative CSS nerve biopsies show a large number of eosinophilic 
infi ltrates in the epineurium [ 29 ].   
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23.5.4     Granulomatosis with Polyagiitis ( GPA  ) 

  GPA   is a vasculitic disease, regularly associated with  c-ANCA  , which are directed 
 against   proteinase 3. Mostly, patients have granulomatous involvement of the upper 
and lower respiratory tract and additional rapid-rapidly progressive glomerulone-
phritis. Subsequent development of vasculitic disease is common and many patients 
show the full-generalised form including pulmonary and renal involvement. 
Interestingly, the  c-ANCA   seems to be directly involved in the physiopathology by 
activation and degranulation of granulocytes. The cANCA bind to surface-expressed 
proteinase-3, which has been translocated from inside the cell by the proinfl amma-
tory cytokines TNF-α and IL-1. The degranulation of the granulocytes then induces 
a necrotizing vasculitis with endothelial damage. 

 Vasculitic neuropathy can be observed in 20–25 % of  GPA   patients [ 31 ,  32 ]. 
Most of them show  mononeuritis multiplex  , in a few patients, cranial nerve involve-
ment has been described [ 33 ]. The neuropathy may be the fi rst symptom of  GPA   in 
some patients, which underlines the importance of ANA/ ANCA   diagnostic tests in 
patients with newly diagnosed asymmetric neuropathy [ 27 ].  

23.5.5        Microscopic Polyangiitis (MPA) 

  MPA   is a systemic, necrotizing vasculitis of the small vessels, mainly in older 
patients with a slight male predominance. Patients have lung involvement, glomeru-
lonephritis, skin lesions and abdominal pain. In 50–75 % of patients  p-ANCA   can 
be found, some patients can have  c-ANCA   [ 34 ]. About 10–50 % of  MPA   patients 
develop neuropathy. The most frequent clinical manifestation is  mononeuropathia 
multiplex  , mainly affecting the peroneal, median and ulnar nerves [ 33 ,  35 ,  36 ].   

23.6     IgG4-Related Disease 

 Immunoglobulin G4-related  disease   was recently recognized as a common patho-
physiology in a heterogeneous group of diseases and can affect a variety of organ 
systems [ 37 ]. One of the fi rst diseases described is the Mikulicz syndrome, an 
infl ammatory disease of the salivary gland, which was already described in the late 
nineteenth century [ 38 ]. The main fi nding is an infi ltration of the affected tissue 
with IgG4+ plasma cells; the IgG4 level in the serum may be elevated [ 39 ]. Single 
cases of an IgG4-associated neuropathy were reported, but the incidence of  IgG4- 
related neuropathy   is unknown yet [ 40 ].  
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23.7     Secondary Systemic Vasculitis 

 Secondary systemic vasculitis is a heterogeneous disease group. Infectious diseases, 
connective tissue diseases, malignancies and drugs can cause vasculitis including 
vasculitic neuropathy. 

23.7.1     Systemic Lupus Erythematosus (SLE) 

 A variety of neurological disturbances can be observed in  SLE  , including cerebral 
vasculitis, which often leads to stroke, cerebral venous thrombosis, transverse 
myelitis, or peripheral neuropathy. The latter can be observed in about 10–20 % of 
SLE patients [ 41 ,  42 ]. Clinically, the neuropathy in  SLE   is mainly distal-symmetric 
sensory or sensorimotor neuropathy and less frequent  mononeuropathia multiplex   
or small fi bre [ 41 ]. Neurophysiological investigation reveals axonal type in 80–90 % 
and demyelinating type in 10–20 % of  SLE  -associated neuropathy. Autonomic dis-
turbances are present in one third of the neuropathy patients, including both sympa-
thetic and parasympathetic nervous system involvement [ 43 ].  

23.7.2     Systemic Sclerosis (SSc) 

 About 30 % of systemic sclerosis patients have neuropathy, predominantly sensory 
or small-fi bre type [ 44 ]. Additionally, autonomic dysfunction causes mainly gut 
motility disturbances in these patients [ 45 ]. In some cases of systemic sclerosis, 
neuropathy can be the initial presentation of the disease.  

23.7.3     Sjögren’s Syndrome 

 Due to an affection of the exocrine glands, Sjögren’s syndrome is clinically defi ned 
by the so-called sicca complex (dry eyes/dry mouth). Anti-SSA and –SSB autoanti-
bodies, a subgroup of ENA can be found regularly in these patients [ 46 ]. Interestingly, 
autoantibodies against the muscarinic M3 receptor seem to have an important 
pathophysiological role in the sialoadenitis and could also be involved in the ner-
vous system manifestations of these patients [ 47 ]. Both central and peripheral ner-
vous system involvement including trigeminal nerve affection has been described 
[ 48 ]. Neuropathies have been found in 2–64 % of the patients. These neuropathies 
can be symmetric or asymmetric or resemble small fi bre neuropathy and only a 
small part of them are vasculitic [ 49 ].  

F. Blaes



269

23.7.4     Rheumatoid Arthritis (RA) 

 About 15–50 % of RA patients develop neuropathy. However, peripheral nervous 
system disease in RA can have a variety of origins, such as  drug-induced neuropa-
thy   or entrapment mononeuropathy. The main form of polyneuropathy is an axonal, 
distal-symmetric sensorimotor neuropathy [ 50 ].  

23.7.5      Paraneoplastic Vasculitic Neuropathy   

 Until now, every clinical type of neuropathy was found in paraneoplastic (tumor- 
associated) neuropathy. However, pure sensory neuronopathy (Denny-Brown) is the 
most classical type of paraneoplastic neuropathy, and this special neuropathy is 
mainly associated with small cell lung cancer (SCLC) and anti-Hu antibodies can 
be found (Fig.  23.2 ). In general, SCLC, breast and ovarian cancer as well as lym-
phoma are the most frequent tumors found in paraneoplastic neuropathy [ 51 ]. 
Patients with vasculitic paraneoplastic neuropathy have mostly  mononeuropathia 
multiplex   or asymmetric neuropathy. Torvik and Berntzen in 1968 and Johnson 
et al. 1979 described the fi rst patients with vasculitic neuropathy associated with 
tumors (renal cell carcinoma, SCLC or lymphoma) [ 52 ,  53 ]. Oh described 26 
patients  with   paraneoplastic vasculitic neuropathy, mainly associated with SCLC 
and lymphoma. Many of them had elevated CSF protein and high ESR [ 54 ]. 
Clinically,  mononeuritis multiplex   and distal-symmetric sensorimotor neuropathy 
can be observed.  If   paraneoplastic vasculitic neuropathy is suspected, antineuronal 
autoantibodies, as well as antinuclear antibodies (ANA) and  ANCA   should be 
examined. In some patients with paraneoplastic neuropathies, both vasculitic and 
non-vasculitic, only ANA can be found [ 55 ]. Non-vasculitic paraneoplastic neu-
ropathies, such as the anti-Hu positive sensory neuronopathy Denny-Brown, do not 
respond to immunotherapy, whereas vasculitic paraneoplastic neuropathy may 
respond to immunosuppressants (steroids,  cyclophosphamide  ) in the majority of 
patients.

23.7.6        Hepatitis C/Cryoglobulinemia 

 Cryoglobulinemia can occur essential or in the context of chronic infections or lym-
phoproliferative diseases. The cryoglobulins are mono- or polyclonal immunoglob-
ulins, that precipitate at cool temperatures and these proteins can induce vascular 
damage by occlusion of microvessels or induction of immune complex deposits in 
small vessels [ 56 – 58 ]. Fifty per cent of hepatitis C patients have  mixed cryoglobu-
linemia  , but only 15 % of them develop the clinical syndrome of mixed cryoglobu-
linemic vasculitis (MCV). About 80 % of MCV lacking other reasons are caused by 
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chronic hepatitis C. The clinical symptoms consist of skin lesions (purpura), neu-
ropathy, glomerulonephritis, ulcers, arthritis, and sicca syndrome. Rheumatoid  fac-
tor   can be found in more than 80 % and decreased complement factors C3 and C4 
occur in 70 % of MCV patients [ 56 ]. The pathophysiological role of anti-sulfatide 
and  anti-ganglioside antibodies  , which can be detected in a part of MCV-associated 
neuropathy, is still not elucidated yet [ 12 ]. 

 Neuropathy can be asymmetric,  mononeuropathia multiplex   or distal- symmetric, 
the latter often showing a slowly progressive course, whereas the others develop 
acute or subacute [ 59 ,  60 ]. Pure sensory neuropathy has also been described [ 50 ]. 
Pain occurs in 50 % of MCV-associated neuropathy and predominant small-fi bre 
neuropathies have also been observed [ 59 ]. Neurophysiological examination reveals 
axonal neuropathy and even without clinical symptoms, most patients with MCV 
show at least neurophysiological abnormalities suggestive of neuropathy [ 61 – 63 ]. 
Nerve biopsy studies show axonal damage, perivascular infi ltration with mononu-
clear cells predominantly in the epineurium and IgM and complement deposits in 
the affected vessel walls [ 59 ,  63 ,  64 ].  

  Fig. 23.2    Antineuronal antibody (antu-Hu) from a patient with vasculitic neuropathy and small 
cell lung cancer. Staining of neuronal nuclei and (to a lesser extent) cytoplasm of cerebellar 
neurons       
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23.7.7     Other Secondary  Systemic Vasculitides   

  Sarcoidosis   can be associated with  mononeuropathia multiplex  , small fi bre neu-
ropathy or typical CIDP. The latter shows a good response to intravenous immuno-
globulins (IVIg)   , the others respond regularly to steroids [ 65 – 68 ]. 

 Behcet’s disease  and   infl ammatory bowel disease both are rarely associated with 
neuropathy and most of them are non-vasculitic. In both diseases, central nervous 
system involvement is much more frequent [ 69 ,  70 ]. 

 A vasculitic neuropathy in HIV has been described in association with cyto-
megalovirus (CMV) or with lymphoma. This disease may be the result of immune 
complex deposition more than direct HIV infection of the nervous system [ 71 – 73 ]. 
However, there is an increased risk for HIV patients to develop other secondary 
vasculitides, including PAN or  MPA  .  

23.7.8     Drug-Induced Vasculitic Neuropathy 

 A variety of drugs can induce vasculitis, both ANCA-positive and –negative. These 
drugs include many of the new biologicals ( etanercept  ,  adalimumab  ,  infl iximab   and 
others) as well as other medications, such as  carbimazole    or   levamisole. Some drugs 
have especially been reported to induce vasculitic neuropathy. However, to prove a 
causal relationship is sometimes diffi cult, since some of the drugs are given as a 
treatment of vasculitic diseases. The antibiotic  minocycline   can induce a non- 
systemic vasculitic neuropathy [ 74 ,  75 ]. Other drugs, such as  naproxen  , penicillin or 
the antiepileptic  phenytoin   induced systemic vasculitis including neuropathy, and 
the discontinuation of the drug resulted in an improvement of the vasculitis [ 76 ]. 
Table  23.7  gives an overview about drugs, which can induce vasculitic neuropathy.

23.8         Non-systemic Vasculitis of the Peripheral Nervous 
System 

 If vasculitic neuropathy occurs without detectable systemic involvement, the term 
non-systemic vasculitic neuropathy (NSVN) is used. About 25 % of all vasculitic 
neuropathies belong to this group [ 44 ]. The course of NSVN is often subacute, but 
about one third of the patients show progressive disease. The typical clinical picture 
is an asymmetric, progressive and painful neuropathy with severe paresis [ 77 ]. The 
neurophysiological examination shows axonal sensorimotor or motor neuropathy. 
Mostly, NSVN remains a localized vasculitis; however, in some cases additional 
skin manifestations or generalization was observed and the neuropathy tends to 
relapse, when immunosuppressive treatment is reduced [ 78 ,  79 ]. Nerve biopsy 
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should be performed, if NSVN is suspected and histopathology shows nerve micro-
vasculitis. Recently, the main clinical and histopathological features were published 
in a guideline of the peripheral nerve society, describing criteria for defi nite, prob-
able and possible vasculitic neuropathy [ 9 ]. 

 Treatment of NSVN includes corticosteroids,  cyclophosphamide  ,  methotrexate   
and  azathioprine   in the fi rst line and is described in detail in the treatment section. 
In a recent single-center cohort of 60 patients with histologically proven NSVN, 
initially all patients improved after iv methylprednisolone. However, after 4 years, 
48 % of the patients still had immunosuppressive treatment and an age <64 years 
was associated with a better prognosis [ 80 ].  

23.9     Diabetic and Non-Diabetic Lumbosacral 
 Radiculoplexus Neuropathy   (DLRPN/LRPN) 

 In patients with diabetes, the lumbosacral plexus including roots and peripheral 
nerves can be affected in a often painful disease, termed diabetic lumbosacral 
radiculoplexus neuropathy (DLRPN) [ 81 ]. The disease starts often with acute, 
severe neuropathic pain, followed by asymmetric paresis of the lower limbs, 
which become disabling during the acute stage. DLRPN is a monophasic disease, 
but half of the patients have walking diffi culties or become wheelchair bound in 
this stage [ 8 ]. Autonomic symptoms can be found in 50 % of DLRPN patients. 
Spontaneous recovery may occur, but most patients have incomplete recovery 
including weakness and sensory disturbances. Interestingly, it mainly affects 
patients with mild diabetes mellitus in a stable situation; a non-diabetic form 
(LRPN) has also been described. Although upper limb nerves can be involved in 
DLRPN, a separate upper limb variant exists (DCRPN) [ 82 ]. Moreover, an over-
lap with    CIDP has been described in some patients [ 83 ]. The histopathological 
picture is a focal nerve ischemia, caused by microvasculitis [ 84 ]. Neurophysiological 
examination shows axonal involvement of the lumbosacral plexus and very often 

   Table 23.7    Drugs inducing vasculitic neuropathy   

 Drug  Disease  Reference 

  Valacyclovir     Mononeuritis multiplex    [ 115 ] 
  Minocycline    Non-systemic vasculitic neuropathy  [ 75 ,  113 ,  114 ] 
  Ipililumab    Biopsy-proven vasculitic neuropathy  [ 116 ] 
  Bortezomib    Microvasculitic motor predominant neuropathy  [ 117 ] 
  Rituximab    Mononeuritis multiplex  [ 118 ] 
 Naproxene   Leukocytoclastic vasculitis   including neuropathy  [ 76 ] 
  Propylthiouracil    ANCA-positive vasculitis including neuropathy  [ 119 ] 
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includes paraspinal denervation. The cerebrospinal analysis reveals elevated total 
protein and a normal cell count in most patients.  

23.10     Treatment 

23.10.1     Treatment of Non-Systemic Vasculitic Neuropathy 
(NSVN) 

 There are no randomized controlled studies (RCT) for NSVN yet. However, the 
Peripheral Nerve Society published recommendations for the treatment of NSVN 
[ 9 ]. It is recommended to treat NSVN patients with corticosteroids (initially pred-
nisolone 1 mg/kg/day) with a slow tapering over months. Initial high-dose predniso-
lone pulses (500–1000 mg prednisolone for 3–5 days) can be used alternatively, 
followed by daily treatment with 1 mg/kg. Osteoporosis prophylaxis should be 
given; it is unclear yet, whether steroid treatment increases the risk of peptic ulcers 
and whether patients should be treated with proton pump inhibitors prophylacti-
cally. In case of rapid progressive neuropathy,  cyclophosphamide   (CYC) pulse 
treatment should be considered and long-term immunosuppression with  methotrex-
ate   or  azathioprine   is necessary [ 85 ]. To reduce the risk of hemorrhagic cystitis, 
 mesna   should always be used in CYC pulse therapy and for toxicity reason, CYC 
should only be given for 6–12 months. There are two cohort studies, which impli-
cate a better effi ciency of a combination therapy [ 16 ,  79 ]. Other treatment regimens 
are poorly investigated. Intravenous immunoglobulins have been used successfully 
in a few otherwise treatment-resistant vasculitis patients [ 86 ].  Plasma exchange   
seems to have little effect, even in combination treatment [ 87 – 89 ]. Since  rituximab   
treatment shows a good effect also on the neuropathic symptoms in generalized 
vasculitic diseases, it may also be used for NSVN in otherwise treatment-refractory 
patients [ 90 ]. Since vasculitic neuropathies usually are predominantly axonal, no 
signifi cant improvement may be seen in the fi rst weeks or even months. However, 
there is no surrogate marker, by which the treatment effi cacy during the treat-
ment can be verifi ed. The fi rst symptom, which may improve under suffi cient 
immunosuppression, is the neuropathic pain.  

23.10.2     Treatment of Non-Viral Systemic Vasculitic 
Neuropathy (SVN) 

 The treatment of vasculitic neuropathy associated with systemic vasculitis (SVN) 
should be performed according to the guidelines of the underlying systemic disease. 
As in NSVN, corticosteroids are used as initial treatment of SVN in the same dos-
ages. Improvement of SVN may last weeks or months because of the axonal 
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damage of the nerves. Therefore, erythrocyte sedimentation rate or C-reactive pro-
tein can be used to control the effi cacy of the treatment. Suppiah and colleagues 
recently reported a rate of 15 % clinical apparent neuropathy in a cohort of ANCA-
associated vasculitis and 40 % improved after treatment [ 33 ]. In severe SVN cases, 
 cyclophosphamide   (CYC) is used either additionally or subsequently to corticoste-
roid treatment. Daily oral  cyclophosphamide   shows serious side effects, therefore 
pulse therapy (0.6–0.75 g/m 2  every 2–4 weeks) should be preferred and  mesna   
should be given to avoid hemorrhagic cystitis.  Cyclophosphamide   treatment should 
be limited to 6–12 months, since there are a variety of long-term immunosuppres-
sive drugs with less toxic side effects.  Methotrexate   (20–25 mg weekly) or  azathio-
prine   (1–2 mg/kg daily) are the classical long-term immunosuppressants to maintain 
remission.    Lefl unomide can be used in the long-term treatment of  GPA   [ 91 ]. 

 Another immunosuppressant in the treatment of vasculitis is mycophenolate 
 mofetil   (MMF): However, its effectiveness is not completely clear. One open-label 
pilot trial showed remission maintenance in 13 out of 17 patients with  GPA  , in 
another study relapses were more frequent and earlier in comparison to  azathioprine   
[ 25 ,  92 ]. In lupus treatment,  MMF   is equally effective to  azathioprine   but has less 
side effects [ 93 ]. However, no data are available regarding its effect on vasculitic 
neuropathy. 

  Rituximab  , an anti-CD20 monoclonal antibody, targets mainly B-cells and is 
established as an effective treatment in  MPA   and  GPA  . It has recently been licensed 
for ANCA-associated vasculitis. In the meantime,  rituximab   is a fi rst-line therapy of 
ANCA-associated vasculitis and is as effective as  cyclophosphamide   [ 90 ]. It is also 
effective in  cryoglobulinemic vasculitis   and is usually given in a weekly dosage of 
375 mg/m 2  for four times [ 94 ].  

23.10.3     Vasculitis Associated with Infections 

 Neuropathy associated with  mixed cryoglobulinemia  /HCV infection includes both 
antiviral and immunosuppressive treatment. Antiviral treatment includes  pegylated 
interferon-α,    ribavirin  , telaprevir and boceprevir and, more recently, the direct- acting 
antiviral agents. Interferon- α (IFN- α) alone or in combination with  ribavirin   may 
improve neuropathic symptoms in a smaller part of patients [ 64 ,  95 ,  96 ]. However, 
IFN- α is also able to induce infl ammatory neuropathies and can also exacerbate 
other symptoms of mixed  cryoglobulinemic vasculitis   [ 97 ,  98 ]. Therefore, cortico-
steroids,  cyclophosphamide   or  plasma exchange   should be added in patients with 
severe neuropathy or if neuropathic symptoms do not improve under antiviral treat-
ment. To remove circulating cryoglobulins,  plasma exchange   is used in MCV, 
although there are no RCT yet and only a part of MCV patients respond. 

 Ferri and collegues reported a cohort of MCV patients responding to  rituximab  , 
independently of HCV status [ 99 ]. In their study, 95 % of the neuropathic symptoms 
improved and  rituximab   was considered safe and effective. In HCV-associated MCV, 
additional  rituximab   showed a better response than antiviral treatment alone [ 100 ].      
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    Chapter 24   
 Childhood Uveitis                     

     Alice     Brambilla    ,     Rolando     Cimaz    , and     Gabriele     Simonini    

    Abstract     Pediatric uveitis embraces a group of infl ammatory diseases affecting the 
vascular layer of the eye. Among the broad spectrum of possible etiologies, juvenile 
idiopathic arthritis stands for the most common cause of anterior chronic uveitis in 
Western countries. Despite being considered a rare disease, non-infectious chronic 
uveitis is a serious and disabling sight-threatening condition accounting for up to 
10 % of pathologies leading to blindness. Visual complications arise as a consequence 
of persistent or recurrent ocular infl ammation, but also as result of chronic steroid 
treatment. Targeted antimicrobial treatment is necessary for infectious uveitis. On the 
other hand, non-infectious uveitis is managed trough a “step-by-step” approach, in 
order to control local infl ammation, achieve a corticosteroid-sparing effect and reduce 
the risk of visual complications. Therapeutic options include corticosteroids, conven-
tional immune-modulatory therapy and tumor necrosis factor α [TNF-α] antagonists. 
Preliminary evidence suggests a possible role of non anti-TNF-α modifi er immuno-
suppressive treatment for refractory cases, accounting for about 25 % of total patients. 
Given the high cost and the lack of long-term safety data, the experience with these 
agents is still limited to few cases managed in highly specialized centers.  

24.1       Introduction 

   Uveitis   embraces a group of severe and disabling infl ammatory diseases affecting 
the vascular layer of the eye (uvea). Different population-based studies reported an 
annual incidence of roughly 22.6–52.4/100,000 person-years, with higher rates 
documented in developed Western countries. Differences by sex have been reported, 
women being affected more than men at almost any age. Approximately 5–10 % of 
total cases develop during childhood, with an estimated incidence of 4–7/100,000 
children/year and a prevalence of 28/100,000 children/year [ 1 ]. Despite being con-
sidered a rare disease, it represents a sight-threatening condition accounting for up 
to 10 % of pathologies leading to blindness. 
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 According to the anatomical extension of ocular infl ammation they can be clas-
sifi ed as anterior (   iritis  and   iridocyclitis), intermediate ( pars-planitis  , hyalitis) and 
posterior uveitis ( choroiditis  ,  chorioretinitis  ,  retinitis  ,  neuroretinitis  ). The term  pan-
uveitis   refers to the broad involvement of anterior chamber, vitreous and choroid/
retina. 

 The clinical course may be acute, chronic or recurrent. Acute uveitis is generally 
symptomatic and tends to a complete resolution within 3 months from its onset. 
Children commonly show conjunctival hyperemia, photophobia, ocular pain, lacri-
mation and visual loss [ 2 ]. 

 Acute-recurrent uveitis is characterized by the relapse of disease after 3 months 
of remission, whereas the persistence of disease with prompt (within 3 months) 
relapses after discontinuation of therapy defi nes the condition of chronic uveitis. 
Children affected by chronic uveitis may be asymptomatic and frequently present 
bilateral involvement. 

 The most common causes of childhood uveitis are reported in Table  24.1 . Among 
the broad spectrum of possible etiologies,  juvenile idiopathic arthritis (JIA)   stands for 
the most common cause of anterior chronic uveitis in childhood. It is responsible for 
1.8–47 % of total cases, with the higher incidence recorded in Western countries.

    Infectious diseases are obviously more frequent in underdeveloped countries. 
The main role is played by Toxoplasmosis and Herpes virus infection, but also HIV 
and CMV infections are becoming more frequent. 

 Systemic vasculitis and autoimmune conditions may be complicated with ocular 
infl ammation as well. Kawasaki disease, Systemic Lupus Erithematosus, Bechet’s 
disease  and   Infl ammatory Bowel Diseases need periodic ophthalmological evalua-
tion to assess potential ocular involvement. 

  Masquerade syndrome   refers to those conditions presenting with intraocular 
infi ltrating cells not related to immune-mediated mechanisms. Hematologic malig-

    Table 24.1    Common causes of uveitis in children   

 Etiologic group  Disease 

 Infectious disease   Bacterial : Syphilis, Tuberculosis, Lyme Disease, Brucellosis, Cat 
Scratch Disease, Leprosy 
  Viral : Herpes simplex virus 1–2, Cytomegalovirus, Epstein-Barr 
Virus, Varicella-Zoster Virus, Mumps, Rubella 
  Fungal:  Aspergillosis, Coccidioidomycosis, Histoplasmosis, 
Blastomycosis, Candidiasis, Cryptococcosis 
  Parasitic : Toxocariasis Toxoplasmosis, Pneumocystosis 

 Chronic infl ammatory 
disease 

 Juvenile idiopathic arthritis, Psoriasis,    Infl ammatory bowel diseases 

 Autoimmune condition     Systemic lupus erythematosus, Sjögren Disease 
 Tumor  Leukemia, Lymphoma, Neuroblastoma 
 Vasculitis  Behçet’s disease,    Systemic lupus erythematosus, Kawasaki disease, 

 Sarcoidosis  , Polyarteritis nodosa, Wegener’s granulomatosis 
 Other  Vogt-Koyanagi Harada Syndrome, Blau Disease, Tubulo-interstitial 

nephritis and uveitis 

A. Brambilla et al.



283

nancies (i.e. leukemia, intraocular lymphoma), retinoblastoma, retinal detachment 
or degeneration and intraocular trauma stand for the most common causes of  mas-
querade syndrome  . 

 The cases without an identifi able origin are addressed as “idiopathic” and repre-
sent nearly half of total patients. 

 A close collaboration between pediatric rheumatologist and pediatric ophthal-
mologist is fundamental in order to defi ne the proper diagnostic work up and thera-
peutic pathway.  

24.2     JIA-Associated Uveitis 

 According to International League of Associations for Rheumatology (ILAR) crite-
ria,    JIA is classifi ed in seven different subtypes: Systemic, Oligoarthritis, 
Polyarthritis (Rheumatic Factor-negative), Polyarthritis (RF-positive), Psoriatic, 
Enthesitis-related arthritis and Undifferentiated arthritis. Among these, 
Oligoarthritis, Polyarthritis RF-negative and Psoriatic arthritis have the higher risk 
to develop secondary uveitis, especially in female patients. Enthesitis-related arthri-
tis is complicated with uveitis in up to 20 % of cases, generally presenting with 
acute uveitis affecting male teen-agers [ 3 ]. 

 Regardless of the subtype of arthritis, a younger age at diagnosis is associated 
with a higher risk of secondary uveitis. This seems especially true for girls under 7 
years of age. 

 Positive ANA titre is considered a risk factor as well, since 65–90 % of patient 
with JIA-associated arthritis present incremented ANA levels. Conversely, no cor-
relation with Rheumatic Factor has been documented. 

 Children affected by JIA develop uveitis in up to 50 % within 3 months and in up 
to 90 % within 4 years from the diagnosis. Only 2–7 % of patients are diagnosed 
with uveitis before the onset of arthritis. Ocular infl ammation may also appear for 
the fi rst time during adult age. 

 Patients affected by uveitis may present a severe articular involvement, however 
the presence of ocular infl ammation does not seem to affect the long-term prognosis 
of JIA. The clinical course of uveitis and arthritis may be completely independent 
as well.  

24.3     Complications 

 Compared to adults, childhood uveitis is characterized by poor prognosis and higher 
risk of secondary complications, with considerable socio-economic burden. 

 Visual complications are reported in up to 80 % of patients after 3 years and in 
almost 100 % of patients after 20 years of disease. Nowadays, uveitis represents the 
third leading cause of blindness in developed countries. Ocular complications arise 
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as a consequence of persistent or recurrent ocular infl ammation, but also as result of 
chronic steroid treatment [ 4 ]. 

 The most common complications include cataract (19–81 % of patients), glaucoma 
(8–38 %), band keratopathy (7–10 %), synechiae (8–75 %), cystoid macular edema 
(8–42 %), ocular hypotony (19 %), retinal detachment, retinal ischemia and optic atro-
phy. Up to 30 % of patients show reduced visual acuity and up to 10 % develop blind-
ness. From 28 to 70 % of affected children may require surgical therapy. 

 The fi nal visual outcome is infl uenced by negative prognostic factors such as the 
severity of illness, posterior ocular involvement, presence of complications at the 
diagnosis, long duration of the disease, younger age at onset and delayed assess-
ment in a specialized centre.  

24.4     Screening in JIA 

 The diagnosis  of   uveitis is based on complete ocular examination with slit-lamp. 
According to ILAR, an ophthalmologic evaluation should be performed at the time 
of diagnosis and periodically repeated in all children, regardless of the absence of 
symptoms. The frequency of ocular examination is defi ned on the basis of the sub-
type of arthritis, the age at onset and the presence of ANA (Table  24.2 ).  

  Table 24.2    Suggested screening intervals for uveitis in patients with JIA as classifi ed by 
International League of Associations for Rheumatology (ILAR) criteria   

  JIA   Subtype  ANA 
 Age at JIA 
onset (years) 

 JIA duration 
(years) 

 Recommended screening 
intervals (months) 

 OA, RF-PA, 
PsA, AA 

 Positive  ≤6  ≤4  3 

 OA, RF-PA, 
PsA, AA 

 Positive  ≤6  >4  6 

 OA, RF-PA, 
PsA, AA 

 Positive  ≤6  ≥7  12 

 OA, RF-PA, 
PsA, AA 

 Positive  >6  ≤2  6 

 OA, RF-PA, 
PsA, AA 

 Positive  >6  >2  12 

 OA, RF-PA, 
PsA, AA 

 Negative  ≤6  ≤4  6 

 OA, RF-PA, 
PsA, AA 

 Negative  ≤6  >4  12 

 OA, RF-PA, 
PsA, AA 

 Negative  >6  NA  12 

 ERA  NA  NA  NA  12 
 RF + PA, SyA  NA  NA  NA  12 

   OA  Oligoarthritis,  RF-PA  Polyarthritis (RF-negative),  FR + PA  Polyarthritis (RF-positive),  PsA  
Psoriatic arthritis,  ERA  Enthesitis-related arthritis,  SyA  Systemic arthritis,  AA  Other arthritis.  NA  
not applicable  
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24.5     Treatment 

 Targeted antimicrobial treatment is necessary for infectious uveitis. 
 Treatment for non-infectious uveitis is based on a “step-by-step” approach, in 

order to control local infl ammation, achieve a corticosteroid-sparing effect and 
reduce the risk of visual complications [ 5 ,  6 ]. Local steroid therapy associated to 
mydriatics is proposed for mild-to-moderate conditions, especially in case of ante-
rior involvement. Severe ocular infl ammation may instead require oral or intrave-
nous systemic steroid treatment. Chronic corticosteroid administration is limited by 
the possible side effects, such as cataract, glaucoma, hypertension, hyperglycemia, 
failure to thrive, hypercholesterolemia and gastro-intestinal bleeding. 

 In corticosteroid-resistant and corticosteroid-dependent cases systemic immuno-
modulatory agents should be considered. They comprise both immunosuppressive 
agents ( Methotrexate   [MTX],  Azathioprine  , Mycophenolate  Mofetil  , Cyclosporine) 
and biologic response modifi ers. 

 For patients intolerant or non-responders to MTX, biologic therapies represent a 
valid alternative option. Biologics are genetically engineered proteins aimed at inhi-
bition of specifi c components of the immune system (cytokines) responsible for 
inducing and maintaining infl ammation. The main adverse events include potential 
allergic reaction and increased risk of reactivation of latent infections. 

24.5.1      Methotrexate   

  Methotrexate   is a competitive inhibitor of  dihydrofolate reductase  , the enzyme 
implied in the conversion of dihydrofolate to the active tetrahydrofolate. The block-
age of this pathway leads to the inhibition of RNA transcription and DNA synthesis, 
especially in B and T lymphocytes. MTX represents the fi rst choice among systemic 
long-term therapies for uveitis [ 7 ]. The recommended dosage is 10–15 mg/m 2  once 
a week (orally or subcutaneously) and the therapeutic effect is generally achieved 
6–10 weeks later. In a recent meta-analysis MTX induced a reduction of ocular 
infl ammation in up to 73 % of children affected by autoimmune chronic uveitis 
refractory to steroid therapy [ 8 ]. The main collateral events due to MTX administra-
tion involve gastrointestinal problems (nausea, vomiting, stomach-ache, diarrhea) 
and increased transaminase levels. The association of folic acid 24 h after MTX 
administration and the preference for subcutaneous injections are recommended in 
order to reduce the incidence of nausea. Moreover, periodical clinical and labora-
tory follow-up are requested (every 4 weeks initially, then every 3 months).  

24.5.2     Tumor Necrosis Factor Alpha (   TNF- α) Inhibitors 

 Successful anti-TNF alpha therapies have been reported for uveitis associated with 
 JIA  , Behçet’s disease,    infl ammatory bowel diseases,  sarcoidosis   as well as idiopatic 
uveitis. 
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  Infl iximab   is a chimeric monoclonal antibody targeting TNF-α, administered 
intravenously at a dosage of 5–10 mg/kg at weeks 0, 2 and 6 (induction phase), then 
every 4–8 weeks (maintenance phase). Pediatric patients may require higher doses 
by weight or more frequent infusions compared with adults. It represents an effi -
cient alternative for short-term treatment of uveitis. 

  Adalimumab   is a fully humanized monoclonal antibody against TNF alpha. The 
route of administration is subcutaneous injection at 24 mg/m 2  once a week. 
Compared to  Infl iximab  , it demonstrated similar effi cacy and tolerance during 
induction phase, whereas it seemed to be superior for long-term maintenance 
 therapy [ 9 ,  10 ].  Etanercept   is not routinely recommended due to unsatisfactory 
response [ 11 ].  

24.5.3     Non Anti-TNF Alpha Biologic Activity Modifi ers 

 A subset of patients fails to respond to TNF-alpha blockers or is unable to tolerate 
these therapies and may therefore benefi t from switching to another drug. Overall, 
about 25 % of children with autoimmune chronic uveitis who receive  Adalimumab   
and  Infl iximab   do not respond to these treatments. Preliminary evidence suggests 
the promising role of non anti-TNF alpha, such as  Abatacept  ,  Rituximab  , 
 Tocilizumab  ,  Golimumab  ,  Canakinumab  ,  Gevokizumab   and  Alemtuzumab  , for 
severe sight-threatening uveitis refractory to previous course of immunosuppressive 
treatment,  DMARDs   and anti-TNFα. 

  Abatacept   is a soluble recombinant protein aimed at the inhibition  of   antigen- 
presenting cells, preventing the co-stimulation signal necessary for T cell activation. 
Recommended administration route is intravenous injection at 10 mg/kg at weeks 0, 
2 then every 4 weeks. Data concerning the use of  Abatacept   for the treatment of 
uveitis are still limited. While fi rst case reports and a small study have shown good 
effi cacy [ 12 – 15 ], a subsequent retrospective study from Tappeiner et al. [ 16 ] on 21 
patients demonstrated a partial and short-lasting effi cacy of  abatacept  . Another 
recent case series seems to suggest the potential role of  abatacept   in inducing a 
persistent near-complete response in the subgroup of patients with severe chronic 
idiopathic uveitis when treatment options are limited [ 17 ]. A systematic review by 
Simonini at al [ 18 ]. evaluated the evidence regarding the effectiveness and the safety 
of non-anti-TNF biologic modifi er ( Abatacept  ,  Rituximab  ,  Tocilizumab  , 
 Alemtuzumab  ,  Anakinra  ) in non-infectious chronic uveitis refractory to previous 
treatments. Their data suggested that switching to these agents has a favorable effect 
in the improvement of intraocular infl ammation in children and adults affected by 
autoimmune chronic uveitis. 

 Given the unavailability of large-scale randomized controlled trials and the high 
cost of the treatment, the experience with these drugs is still limited to few cases 
managed in highly specialized centres. 

 Suggested therapeutic pathway for non-infectious chronic uveitis is reported in 
Fig.  24.1 . 
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    Chapter 25   
 Cogan’s Syndrome                     

     Rosanna     Dammacco    

    Abstract     Cogan’ syndrome is a multisystemic disorder characterized by the almost 
unfailing combination of infl ammatory ocular disease and sensorineural hearing 
loss. In addition to constitutional symptoms, clinical features may also include car-
diovascular, gastrointestinal, and neurological manifestations with variable fre-
quency. Skin and mucous membranes, kidney and urogenital apparatus are rarely 
involved. The etiology remains undefi ned whereas an autoimmune pathogenesis is 
sustained by experimental and clinical observations. Given its rarity and clinical 
heterogeneity, the diagnosis is often delayed with possible progression to impair-
ment of visual acuity and auditory dysfunction up to deafness. Therapy is based on 
the administration of glucocorticoids and immunosuppressive agents. Tumor necro-
sis factor-alpha blockers, the B-cell depleting monoclonal antibody rituximab, the 
anti-interleukin-6 receptor monoclonal antibody tocilizumab, and the immunomod-
ulatory lefl unomide have also been employed in single patients. Cochlear implanta-
tion can be used for hearing rehabilitation. Finally, stent-graft insertion and 
prosthetic aortic replacement can be extremely useful to correct the consequences 
of aortitis and large vessel aneurysms.  

  Keywords     Aortitis   •   Audio-vestibular dysfunction   •   Cogan’s syndrome   •   Interstitial 
keratitis   •   Infl ammatory eye diseases   •   Vasculitis  

25.1       Defi nition and Epidemiology 

  Cogan syndrome (CS)    is a variable vessel  vasculitis   fi rst described by the American 
ophthalmologist David Glendenning Cogan in 1945 [ 1 ], characterized by recurrent 
non-syphilitic  interstitial keratitis   associated to vestibule-auditory dysfunction 
that leads to progressive deafness. Before its nature of potentially systemic vas-
culitis was detected, it was also inappropriately termed “ eye and ear syndrome  ”. 
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The invariable occurrence of progressive hearing loss immediately recalls the 
pathology that affl icted the eminent German composer Ludwig van Beethoven 
almost two centuries before Cogan’s description [ 2 ,  3 ]. However, the fragmentary 
information available to the historians of medicine does not allow a defi nite conclu-
sion as to whether Beethoven was indeed a forerunner of CS. 

 The rarity of the condition, which is now considered the archetypal  inner ear 
autoimmune disease  , is supported by the fact that a total number of 623 papers have 
been retrieved from PubMed under the voice “Cogan’s syndrome” from October 
1951 to the time of this writing (February 2016). The disease is not hereditary, is 
diagnosed less rarely in whites than in blacks, does not appear to have a clear sex 
prevalence, and affects mainly young adults of Caucasian origin [ 4 ], although in a 
retrospective review of a cohort of 60 CS patients, collected at the Mayo Clinic in a 
time period of over 60 years, the age at diagnosis ranged from 9 to 70 years (mean 
age 38 years) [ 5 ]. 

 Two clinical variants of CS have been identifi ed, named typical and atypical CS 
respectively, whose features will be described below.  

25.2     Etiopathogenesis 

 The etiology of CS is still unknown. Because an infection of the upper respiratory 
tract has been reported in a large proportion of CS patients before or at the outset of 
the disease, an infectious origin has been suggested, and several agents such as 
Borrelia and Chlamidiae species, Cytomegalovirus, Treponema pallidum, 
Parvovirus B19, Herpes virus, and so on, have from time to time been suspected. 
However, no specifi c infectious agent has so far been unequivocally identifi ed, the 
mentioned agents possibly playing a role of triggering factor. 

 The autoimmune pathogenesis is sustained by several reports that have been 
summarized in a recent review [ 6 ]. Starting from the fi rst demonstration, which 
dates back to 1984 [ 7 ], of autoantibodies against human cornea and human inner ear 
tissues in a CS patient, antibodies directed to the epithelial structure of the cornea, 
healthy inner ear antigens, and endothelial autoantigens have been repeatedly 
described [ 8 ]. Autoantibodies have also been revealed against autoantigens such as 
an immunodominant peptide structurally similar to the antigen SSA/Ro of the 
Sjögren’s syndrome, reovirus III major core protein lambda-1, DEP-1/CD148, con-
nexin 26, and against the cell-density enhanced protein  tyrosine phosphatase-1  , 
which is consistently expressed on the sensory epithelia of the inner ear as well as 
 on   endothelial cells [ 9 ]. The passive injection of these autoantibodies into mice or 
their active induction by immunization resulted in the appearance of hearing loss 
and corneal disease, thus mimicking CS [ 9 ]. It has therefore been hypothesized that 
CS is an autoimmune disease, in which undefi ned pathogens share antigenic deter-
minants of both the eye and the inner ear, and the host immune response results in 
damage of these and possibly other organs through the phenomenon known as 
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“antigenic mimicry”. The infectious or infl ammatory process would also be able to 
trigger an immune response by unmasking hidden epitopes of the target tissues 
[ 10 – 12 ]. 

 An interesting fi nding is the demonstration  of   anti-heat shock protein (Hsp)70 
antibodies in 92.9 % of patients with typical CS, in 16.6 % of those with atypical 
CS, and in 52.7 % of the patients with autoimmune  sensorineural hearing loss  , com-
pared with a positivity rate of 5.2 % in the control group. These striking results 
indicate that anti-Hsp70 antibodies should be considered a serological marker of 
typical CS [ 3 ]. Additional non-specifi c antibodies that can be found in CS patients 
include  c-ANCA   and  p-ANCA  , rheumatoid  factor  , anti-cardiolipin, and anti-nuclear 
antibodies [ 13 ,  14 ].  

25.3     Typical and Atypical Variants of CS 

 As already mentioned, two clinical variants of CS can be recognized. Typical CS is 
characterized by the following features: (a) non-syphilitic interstitial keratitis, of 
which Fig.  25.1  is a typical  example  ; (b)    audio-vestibular involvement that can 
mimic  Ménière’s syndrome  ; (c) a relatively short lapse of time between the occur-
rence of ocular and audio-vestibular symptoms, that is usually less than 2 years. 
Atypical CS is instead defi ned on the basis of the followings characteristics: (a) 
ocular involvement of variable severity that may or may not include  interstitial kera-
titis  ; (b)    audio-vestibular symptoms largely different from those of  Ménière’s syn-
drome  ; (c) a greater than 2 years’ time interval between the onset of ocular and 
audio-vestibular manifestations; (d) a signifi cantly higher frequency of systemic 
disorders. Based on a total number of 222 CS patients retrieved from the literature, 
typical CS was diagnosed in 58.5 % and atypical CS in 41.5 % of the patients [ 15 ]. 

  Fig. 25.1    A typical 
example of severe 
interstitial keratitis       
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It should, however, be emphasized that a clear differentiation of typical from atypi-
cal cases is often diffi cult, given the large variability of the clinical features among 
patients, especially those of the pediatric age [ 16 ], and the possible onset of  intersti-
tial keratitis   as a later rather than the starting feature [ 6 ,  15 ].

25.4        Clinical Features of CS 

 In the large majority of patients, the fi rst signs of the disease include bilateral con-
junctival hyperemia, eye pain, photophobia, blurred vision, lacrimation, diplopia, 
and foreign body sensation in one or both eyes. Concomitant with the appearance of 
the ocular manifestations, but more often following them at variable distance, the 
patient complains of Ménière-like vestibular symptoms such as vertigo, nausea, 
vomiting, and tinnitus. A sudden sensory hearing loss is not rarely found among the 
initial symptoms. Over time, roughly 60–80 % of patients develop systemic mani-
festations, thus accounting for the heterogeneity and the variable severity of CS 
clinical spectrum [ 15 ]. Table  25.1  summarizes the clinical manifestations of CS in 
a roughly decreasing order of prevalence.

   During follow-up, a variable outcome can be observed. Less than one third of the 
patients achieve clinical remission, whereas death has been found to occur in approx-
imately 10 % of the patients, the most frequent causes being rupture of  an   aortic 
aneurysm, bilateral coronary ostial stenosis resulting in myocardial infarction, renal 
amyloidosis or  end-stage renal disease  ,  cerebrovascular accident  ,  subarachnoid hem-
orrhage  , and generalized sepsis enhanced by the immunosuppressive therapy [ 15 ]. 
When  aortitis   develops, it is usually indistinguishable from Takayasu’s disease and it 
is therefore advisable to submit patients to positron emission  tomography  /computed 
tomography (PET/CT) examination, which may detect pathological  fl uorodeoxyglu-
cose   uptake at the level of the aorta ascendens, with or without involvement of addi-
tional large vessels [ 19 ]. Ocular disease may undergo a single or recurrent fl ares. 
However, although an impairment of the visual acuity is observed in a large propor-
tion of patients, permanent loss of vision of remarkable degree is unusual. On the 
contrary, in addition to  sensorineural hearing loss   and decreased auditory acuity, 
unilateral or bilateral permanent deafness is not a rare outcome [ 20 ].  

25.5     Diagnosis 

 Given its rarity, the ocular and inner ear involvements that may occur at variable 
time intervals, the later appearance of a heterogeneous clinical spectrum, and the 
lack of a properly validated confi rmatory test, an early diagnosis of CS, that would 
result in a much better response to treatment, is frequently missed. On the contrary, 
a delayed diagnosis may be responsible for a more severe and often permanent dam-
age of the visual and auditory functions, and the occurrence of single organ or more 
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extensive vasculitis [ 10 ,  11 ,  14 ,  21 ]. It is therefore recommended that complete 
vestibulo-cochlear and ophthalmologic examinations be performed at the initial 
suspect of the disease and throughout a long-term follow-up. In addition to the func-
tional tests aimed at detecting dysfunctions in auditory acuity,    magnetic resonance 
imaging and/or computed tomographic scanning may reveal obliteration or stricture 
of the vestibular labyrinth that often prelude to the onset of permanent deafness. 

 In terms of differential diagnosis, granulomatosis with  polyangiitis   (Wegener’s 
disease) can simulate CS given its possible association with auditory and ocular 
features, although the pulmonary involvement, the typical picture of membrano- 
proliferative glomerulonephritis, and the high prevalence of proteinase3-specifi c 
 ANCA   (that are of rare occurrence in CS) may help differentiate from each other. 
Also, CS may sometimes be misdiagnosed as rheumatoid arthritis, in which scleri-
tis, keratitis, and keratoconjunctivitis sicca, as well as sensorineural hearing 

   Table 25.1    Clinical features of Cogan’s syndrome   

 Organ or system 
involvement  Clinical symptoms 

 Relative 
frequency 
(%)  References 

 Non-specifi c 
constitutional 
symptoms 

 Headache, recurrent fever, anorexia, weight 
loss, fatigue, coughing, arthro- myalgias, 
lymphadenopathy 

 30–50  [ 10 ,  15 ] 

 Eye disease  Interstitial keratitis largely prevalent and 
mostly bilateral 

 80–90  [ 13 ,  14 ] 

 Uveitis, episcleritis, iridocyclitis, 
conjunctivitis, optic neuropathy, 
papilledema, central vein occlusion, 
papillitis, glaucoma, tenonitis 

 5–30 

 Vestibulo-auditory 
dysfunction 

 Uni- or bilateral hearing loss, often of 
sudden onset 

 70  [ 5 ] 

 Vertigo, dizziness, nystagmus  15–20 
 Cardio-vascular 
manifestations 

 Aortitis of the ascending aorta and the arch 
with aortic insuffi ciency, congestive heart 
failure, coronaritis, pericarditis 

 15–20  [ 17 ] 

 Large and medium- 
vessel vasculitis 

 Systemic necrotizing vasculitis, occurring 
almost exclusively in atypical CS 

 5–10  [ 10 ,  38 ] 

 Gastro-intestinal 
involvement 

 Abdominal pain consequent to mesenteric 
arteritis, melena, diarrhea, splenomegaly, 
hepato-steatosis, esophagitis 

 10–15  [ 15 ] 

 Neurological 
manifestations 

 Aphasia, ataxia, hemiparesis or hemiplegia, 
lymphocytic meningitis, encephalitis, 
peripheral neuropathy 

 8–10  [ 18 ] 

 Skin and mucous 
membranes 

 Skin rash, photosensitivity, oral aphthous 
ulcers, vitiligo, Raynaud’s phenomenon 

 3–5  [ 4 ,  15 ] 

 Renal manifestations  Renal artery stenosis, membrano- 
proliferative glomerulonephritis 

 2–3  [ 10 ,  13 ] 

 Urogenital 
manifestations 

 Orchitis, bending or arching of the penis  1–3  [ 15 ] 
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 impairment can be found with variable, though signifi cant frequency [ 14 ]. Several 
additional systemic diseases whose clinical manifestations often include ocular and 
auditory symptoms should also be considered in the differential diagnosis from CS, 
such  as   systemic lupus erythematosus, Still’s disease, anti-phospholipid antibody 
syndrome, eosinophilic granulomatosis with  polyangiitis  , and  Vogt-Koyanagi- 
Harada syndrome   [ 13 ].  

25.6     Therapy 

 The main drawback of therapy is its relatively late beginning, given the frequently 
delayed diagnosis of CS. This may result, as already stated, in a more severe and 
frequently irreversible deafness, as well as in the appearance of signs and symptoms 
ascribable to vasculitis of other body districts [ 22 ]. 

 A wide array of drugs have been proposed and employed in CS patients, accord-
ing to the clinical severity and the oligo- or multiple-organ involvement. Table  25.2  
summarizes the major clinical manifestations of the disease and the corresponding 
therapeutic approaches. It should, however, be emphasized that, because of the rela-
tive rarity of CS, in the large majority of patients the evidence for the clinical 

    Table 25.2    Therapeutic approaches to the main clinical features of Cogan’s syndrome   

 Clinical 
manifestations  Suggested treatment  References 

 Interstitial keratitis  Topical glucocorticoids (GC)  [ 23 ] 
 Topical cyclosporine-A 
 Topical atropine to achieve mydriasis 

 Episcleritis, uveitis, 
iridocyclitis, optic 
neuropathy, tenonitis 

 Systemic GC ± immunosuppressive drugs 
(azathioprine, cyclophosphamide, methotrexate, 
cyclosporine-A) 

 [ 22 ,  32 ] 

 Uni- or bilateral 
hearing loss, 
Ménière’s-like 
syndrome 

 Remission-inducing agents: systemic GC, in the most 
severe cases preceded by pulsed intravenous GC 

 [ 6 ,  10 ,  11 ,  13 , 
 23 – 25 ,  27 ,  28 , 
 30 – 33 ]  Treatment of refractory patients: consider the addition 

of azathioprine, cyclophosphamide, methotrexate, 
cyclosporine-A, mycophenolate mofetil. TNF-alpha 
blockers (etanercept, infl iximab) as possible stabilizing 
agents. Rituximab, tocilizumab, and plasmapheresis 
may be considered. 
 Maintenance in responsive patients: gradual tapering of 
GC ± methotrexate 

 Bilateral, profound 
deafness 

 Cochlear implantation  [ 13 ,  34 – 37 ] 

 Aortitis and aortic 
insuffi ciency 

 Systemic GC, rituximab, tocilizumab, aortic valve 
replacement 

 [ 31 ,  32 ] 

 Multiple carotid and 
aortic aneurysms 

 High-dose GC, methotrexate, stent-graft insertion  [ 38 – 41 ] 
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 effi cacy of certain drugs is circumstantial, given that it has been assessed on small 
cohorts of patients or on single clinical observations. In the absence of a standard-
ized therapy,    glucocorticoids (GC) still represent the primary drug to treat the pre-
senting ocular manifestations, but failure to respond, and above all the association 
 of   infl ammatory ocular disease with  sensorineural hearing loss   require variable 
combinations of immunosuppressive drugs.

   Based on the experience gained in the ANCA-associated  vasculitides   as well as 
in large vessel vasculitides, practically all immunosuppressive drugs have been 
tested in CS, the dose of each drug and their variable combinations depending on 
whether remission induction, or treatment of refractory patients to the initial treat-
ment, or response maintenance are to be achieved (Table  25.2 ).  Methotrexate   has 
been successfully employed in certain patients [ 24 ,  25 ], but it has not been shown to 
be effective in the maintenance of the hearing improvement induced by GC [ 26 ]. 
Even so,  methotrexate   should be considered a useful steroid-sparing agent. 
Mycophenolate  mofetil   has been proposed as effective treatment of steroid- 
dependent CS in childhood [ 27 ]. Tumor necrosis factor (TNF)-alpha blockers, 
namely  infl iximab   and  etanercept  , are biological drugs that have also achieved a 
steroid tapering and sparing effect [ 28 ,  29 ], and have been able to signifi cantly 
improve auditory and ocular disease, provided they are administered in early stages 
[ 11 ]. However, the more suitable timing for initiating TNF-alpha blockers and to 
prevent permanent auditory disability has not been established. 

 The possibility of employing biologic drugs  in   large vessel vasculitis has emerged 
more recently, based on a better knowledge of the pathogenetic mechanisms under-
lying these disorders. The inner ear autoimmune nature of CS has induced to use the 
B-cell depleting monoclonal antibody  rituximab   with encouraging results [ 30 ]. In 
addition, since serum interleukin-(IL) 6 has been shown to be increased in the serum 
and upregulated in the arteries of patients with large vessel vasculitis, the adminis-
tration of a monoclonal antibody directed to the receptor of IL-6, called  tocilizumab  , 
in preliminary studies has been able to induce positive results for the treatment of 
CS-associated  aortitis   [ 31 ,  32 ]. In one single patient with juvenile CS the  immuno-
modulator   lefl unomide was also able to induce clinical remission and appears there-
fore a promising drug [ 33 ]. Obviously, prospective randomized multicenter clinical 
trials will be necessary to establish the best combination(s) related to the heteroge-
neity of CS in terms of clinical effi cacy and sparing of GC toxicity. 

 In patients with established deafness, remarkably good hearing rehabilitation can 
be achieved by a  cochlear implantation   [ 34 ,  35 ]. It is highly advisable, however, that 
the patient receives exhaustive counselling before undergoing implantation, so that 
he/she is properly informed on the actual limits of this procedure and the potential 
risk of progressive cochlear ossifi cation or obliteration [ 36 ,  37 ]. 

 The  aortitis   and periaortitis of CS are histologically characterized by a mixed 
infl ammatory pattern [ 17 ], and more frequently affect the ascending aorta and the 
arch [ 38 ], although thoraco-abdominal aneurysms can also be diagnosed [ 39 – 41 ]. 
In addition to the steroid and immunosuppressive treatment during the acute phase 
of the disease, cardio-surgery procedures may include stent-graft insertion and 
prosthetic thoraco-abdominal aortic replacement [ 40 ].      
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    Chapter 26   
 Non-infectious Retinal Vasculitis                     

     Shiri     Shulman      and     Zohar     Habot-Wilner   

    Abstract     Retinal vasculitis is a common clinical feature in intermediate and poste-
rior uveitis. It is defi ned as either clinical or angiographic evidence of vascular 
infl ammation accompanied by intraocular infl ammation. It may be a primary infl am-
mation of the blood vessel or, more commonly, secondary to infl ammation of adja-
cent structures such as the retina or the choroid. In most series, the most common 
systemic diseases associated with retinal vasculitis is Behçet’s disease. Primary vas-
culitides such as polyarteritis nodosa or ANCA-associated vasculitis are rarely 
associated with retinal vasculitis. The most common clinical fi ndings in retinal vas-
culitis are vitritis and vascular sheathing. The retinal veins are more commonly 
involved than the arteries. Treatment of retinal vasculitis is aimed at improving 
vision as well as preventing complications caused either by the intraocular infl am-
mation or from ischemia and involves both systemic immunomodulatory therapy as 
well as ocular treatment such as intravitreal steroids and anti-VEGF injections. With 
proper therapy the prognosis is good.  

26.1       Introduction 

  The  retinal vasculature   is commonly involved in intermediate and posterior uveitic 
diseases. The clinical term vasculitis, as used in internal medicine, refers to histo-
logically proven vasculitis due to infl ammation of the vessel wall [ 1 ]. The 
Standardization of Uveitis Nomenclature (SUN) working group concluded that the 
term retinal vasculitis referred to a clinical description, which should be used in 
cases with evidence of ocular infl ammation and retinal vascular changes.  Perivascular 
sheathing   as seen in ophthalmologic examination and vascular leakage or occlusion 
on fl uorescein angiogram (FA) were depicted as evidence of retinal vascular disease 
[ 2 ]. Retinal vasculitis may cause signifi cant visual acuity impairment and visual 
fi eld changes; these are related to involvement of posterior retinal blood vessels, 
severe intraocular infl ammation, central or branch vein or artery occlusions, macu-
lar ischemia, macular edema, and the presence of ischemic retinal areas that can 

        S.   Shulman      (*) •    Z.   Habot-Wilner    
  Ophthalmology division ,  Tel-Aviv medical center ,   Tel Aviv ,  Israel   
 e-mail: shulmanshiri@gmail.com  

mailto:shulmanshiri@gmail.com


300

lead to new blood vessel formation and thereafter to vitreous hemorrhage, traction 
retinal detachment, rubeosis iridis, and neovascular glaucoma [ 4 – 7 ]. 

 This chapter will discuss the characteristics and treatments of non-infectious 
retinal vasculitis and the associated systemic diseases.  

26.2     Classifi cation 

 Retinal vasculitis is classifi ed into two main subclasses. The fi rst is primary vascu-
litis in which the vessel is the primary target of the infl ammatory process. This may 
be limited to the eye or related to primary systemic vasculitis which involves the eye 
(primary  systemic vasculitides  ). The second subclass is secondary vasculitis, in 
which infl ammation of the vessel wall occurs secondarily to an infl ammatory pro-
cess involving adjacent structures. This may be localized to the eye or associated 
with systemic disease, of infectious or non-infectious etiology [ 3 ,  8 ]. This chapter 
will focus on non-infectious retinal vasculitis. Table  26.1  shows the classifi cation of 
non-infectious retinal vasculitis.

26.3        Pathogenesis 

 Our understanding of retinal vasculitis pathology stems from clinical observations, 
enucleation and postmortem studies and experimental models. Ocular histopatho-
logic and immunopathologic studies were published for the four principal systemic 
disease-associated retinal vasculitis: Behçet’s disease,  sarcoidosis  ,    systemic lupus 
erythematosus (SLE) and multiple sclerosis (MS) [ 9 – 17 ]. The vascular changes in 
retinal vasculitis are characterized by perivascular infi ltration of lymphocytes of the 
vessel wall with disruption of tight endothelial junctions (the inner blood retinal 
barrier) in the retinal capillaries. Cell-mediated immunity, with CD4 + T helper 
cells within and around the retinal vessels, plays a role in disease pathology. Retinal 
vasculitis-induced ischemia is suggested to be either thrombotic or obliterative sec-
ondary to infl ammatory cells infi ltration. Thrombotic vascular changes can occur 
due to local endothelial injury or increased prothrombin activity, as was observed in 
Behçet’s disease. The retinal arteriolar occlusion without vessel infl ammation seen 
in  SLE   may be due to immune complex deposition within the lumen by fi ltration or 
secondary  to   anti-endothelial cell antibody binding [ 18 ]. Vasculitis may involve the 
retinal arteries, veins, and/or capillaries. The retinal veins were found to be most 
commonly affected [ 19 ,  20 ]. Retinal vasculitis affecting predominantly the veins 
has been described in association with Behçet’s disease,  sarcoidosis  , multiple scle-
rosis, pars planitis and  Birdshot chorioretinopathy  . Arterial involvement is more 
commonly seen in  SLE  , IRVAN, Susac syndrome,  Crohn’s disease   and the primary 
 systemic vasculitides  :    Giant cell arteritis, Takayasu’s arteritis, PAN,  GPA  ,  Churg- 
Strauss syndrome  .  
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26.4     Clinical Manifestations 

 The Standardization of Uveitis Nomenclature (SUN) Working Group [ 2 ] concluded 
that the term retinal vasculitis referred to a clinical description which should be used 
in cases with evidence of ocular infl ammation and retinal vascular changes. Retinal 
vasculitis may be either symptomatic or asymptomatic. This depends on the area 
involved by vasculitis, the severity of the ocular infl ammatory process and the pres-
ence of ocular complications. Patients may have minimal or no symptoms, in cases 

   Table 26.1    Classifi cation of non-infectious retinal vasculitis   

 Primary retinal vasculitis  Secondary retinal vasculitis 

 Localized to 
the eye 

 Primary systemic 
vasculitides  Localized to the eye 

 Associated with systemic 
disease 

 Idiopathic 
retinal 
vasculitis 

 Giant cell arteritis  Birdshot 
chorioretinopathy 

 Behçet’s disease 

 Pars planitis  Takayasu’s arteritis  Primary ocular 
lymphoma 

 Sarcoidosis 

 Frosted branch 
angiitis 

 Polyarteritis nodosa 
(PAN) 

 Systemic lupus 
erythematosus 

 Idiopathic 
retinal 
vasculitis, 
aneurysms and 
neuro-retinitis 
(IRVAN) 

 Granulomatosis with 
Polyangitis (GPA) 

 Multiple sclerosis 

 Acute 
multifocal 
hemorrhagic 
retinal 
vasculitis 

 Churg-Strauss 
syndrome 

 Infl ammatory bowel disease 

 Essential 
cryoglobulinemic 
vasculitis 

 HLA B27 – associated- 
seronegative 
spondyloarthropathy 

 Cutaneus 
leucocytoclastic 
angiitis 

 Susac’s syndrome 

 Relapsing polychondritis 
 Rheumatoid arthritis 
 Sjögren’s syndrome 
 Drug induced: intravenous 
immunoglobulins, post 
vaccinations 
 Secondary to malignancies: 
cancer associated 
retinopathy, acute leukemia, 
CNS lymphoma 

26 Non-infectious Retinal Vasculitis



302

of peripheral retinal vascular changes with a mild intraocular infl ammation (ante-
rior/intermediate/posterior  uveitis  ). On the other hand, infl ammation of the poste-
rior retinal blood vessels and/or signifi cant intraocular infl ammation and/or the 
presence of ocular complications, may cause a decrease in vision. Patients may 
complain on fl oaters if there is an accompanying vitritis and on visual fi eld scoto-
mata which are usually related to the areas of ischemia. Other symptoms may 
include alteration of color vision, metamorphopsia, and rarely pain [ 19 ,  21 ]. As reti-
nal vasculitis may be secondary to a systemic disease, systemic symptoms and signs 
may be present and suggest an underlying etiology. Therefore, a comprehensive 
medical history and review of systems is crucial to the evaluation of patients with 
retinal vasculitis.  

26.5     Clinical Findings and Imaging 

    Perivascular sheathing/cuffi ng as seen in ophthalmological examination and vascu-
lar leakage or occlusion on fl uorescein angiogram (FA) were depicted by the 
Standardization of Uveitis Nomenclature (SUN) Working Group [ 2 ] as evidence of 
retinal vascular disease for the classifi cation of retinal vasculitis. Several studies 
showed that non- infectious retinal vasculitis is mostly a bilateral disease [ 21 – 23 ]. 
The infl ammatory process may involve blood vessels in a varying distribution 
including the central and peripheral retina as well as the optic nerve head. 
Infl ammation of macular blood vessels may cause macular edema, or  occlusive vas-
culitis   with macular ischemia, both are risk factors for vision loss.  Occlusive vascu-
litis   may cause cotton-wool spots and intraretinal hemorrhages, with late changes as 
telangiectasis,    microaneurysms and neovascularization which may progress to vit-
reous hemorrhage or traction retinal detachment. Ali et al. [ 20 ] showed that  occlu-
sive vasculitis   is more likely to be associated with ocular complications such as 
epiretinal membrane, cystoid macular edema and neovascularisation. 

 We published a study that included 82 eyes of 45 patients with non-infectious 
retinal vasculitis in Israel [ 19 ]. Various presentations of vasculitis were found in our 
study: true vasculitis with clinical and angiographic evidence of vascular occlusion 
was found among patients with Behçet’s disease,  SLE  , Crohn’s disease and Multiple 
Myeloma. The second vasculitis type characterized by vascular sheathing without 
clinical or angiographic evidence of occlusion, was found among patients with  sar-
coidosis   and sympathetic ophthalmia. The third type of vasculitis was demonstrated 
in patients with  birdshot chorioretinopathy  , in which vasculitis was identifi ed by 
vascular angiographic leakage without occlusion and with minimal clinical fi ndings 
of sheathing. 

 Intraocular infl ammation is essential in order to defi ne retinal vasculitis, as per 
the SUN classifi cation. The infl ammation may involve the anterior or posterior seg-
ment of the eye. We found vitritis to be the most common fi nding of ocular infl am-
mation in our study [ 19 ], as was also found by Saurabh et al. [ 25 ]. 
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 FA has an important role in disease diagnosis and may allow better evaluation of 
retinal vasculitis, than clinical assessment. FA demonstrates infl ammatory changes 
as vascular staining and leakage and ischemic manifestations as vascular occlusion, 
capillary nonperfusion, retinal neovascularization, and sclerosis of vessels. Another 
common fi nding by FA is diffuse capillary leakage. The use of wide-fi eld  angiogra-
phy   may offer an advantage in detecting peripheral retinal ischemia and neovascu-
larization as compared to traditional FA imaging as was shown by Leder et al. [ 24 ].  

26.6     Retinal Vasculitis Associated with Systemic Diseases 

 Several studies published on characteristics of patients with non-infectious retinal 
vasculitis [ 19 ,  21 ,  22 ]. Shulman et al. [ 19 ] showed that 53 % of their patients were 
diagnosed with secondary vasculitis, with Behçet’s disease being the most common 
systemic disease. Other two publications from London, by Stanford et al. [ 21 ] and 
Graham et al. [ 22 ] showed similar results. In contrast to these fi ndings, clinical data 
of retinal vasculitis patients from clinics in North America [ 11 ,  20 ] showed that 
most of their patients were not found to have a systemic disease related to their reti-
nal vasculitis. Only 2 studies reported to have patients with  systemic vasculitides   
related to retinal vasculitis; Graham and coauthors [ 22 ] found 6 out of 150 patients 
(4 %): three cases of PAN and 3 cases of  GPA   and Rosenbaum and colleagues [ 26 ] 
found 3 cases out of 207 (1.4 %) cases in a mixed cohort of infectious and non- 
infectious systemic diseases. The difference between the cohorts may lie in the 
variability in the ethnic origin of the patients in different continents. In addition, 
these studies emphasize that diagnostic evaluation should not include extensive 
laboratory tests as they have a low yield. The most common related systemic disease 
was found to be Behçet’s disease which is a clinical diagnosis and does not require 
laboratory testing. Laboratory workup should be focused and based on medical and 
ocular fi ndings. 

26.6.1     Systemic Primary Vasculitides 

 Surprisingly, the  systemic vasculitides    including   polyarteritis nodosa (PAN) and 
ANCA-associated  vasculitides   (granulomatosis with  polyangiitis   (GPA),    micro-
scopic polyangiitis (MPA), and eosinophilic granulomatosis with  polyangiitis   
(EGPA); Churg–Strauss syndrome (CSS)) are rarely associated with retinal 
vasculitis. 

 Also, looking at a series of patients with  GPA   with a 16 year follow-up period, 
40 out of 140 patients had ocular involvement, the most common being orbital 
infl ammation or scleritis/ episcleritis  . Only 4 or 2.9 % had retinal vasculitis [ 27 ]. A 
French study showed similar results with ocular involvement in 214 out of 1,286 
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patients with systemic vasculitis (16.6 %) but only 16 cases of retinal vasculitis in 
this group (1.3 %). Seven out of these patients had PAN [ 28 ].  

26.6.2     Behçet’s Disease 

 Ocular involvement  in   Behçet’s disease (BD) occurs in approximately 70 % of the 
patients and is associated with a high risk of visual loss [ 29 ,  30 ]. Taylor et al. [ 31 ] 
retrospectively reviewed 107 patients with ocular BD and found a 13 % 10-year risk 
rate of severe visual loss (6/60 or worse). The most common cause of irreversible 
visual loss was macular ischemia due to branch retinal vein occlusion. 

 Retinal vasculitis in BD involves both arteries and veins though venular involve-
ment is more common. It manifests as either diffuse vascular leakage on FA or may 
be accompanied by vascular occlusion [ 31 ]. Visual acuity may be effected by macu-
lar edema (due to vascular leakage), macular ischemia or hemorrhages. 

 Neovascularisation of the optic nerve head or the retina is a serious complication. 
It may be a result of pro-angiogenesis factors secreted as a response to either isch-
emia or infl ammation. It was reported in 4 % of 1,567 BD patients in Turkey [ 32 ].  

26.6.3      Sarcoidosis   

 Ocular involvement occurs in up to 60 % of patients with systemic  sarcoidosis   with 
retinal vasculitis in up to 37 % of patients with ocular involvement [ 33 ]. Infl ammation 
of the retinal veins (periphlebitis) is a common ocular manifestation and was con-
sidered by the fi rst International Workshop on Ocular  Sarcoidosis   as one of seven 
clinical signs that comprise the diagnosis of ocular  sarcoidosis   [ 34 ]. Typical fea-
tures of the involved vessels include segmental involvement and perivenous exu-
dates, with a typical appearance of “candle wax drippings”.  

26.6.4     Multiple Sclerosis 

 The presence of peripheral periphlebitis is reported in up to 20 % of patients with 
MS [ 35 ]. In an autopsy of 93 eyes from patients with an established diagnosis of 
MS, seven showed segmental perivenular infi ltrates of lymphocytes and plasma 
cells [ 35 ]. A similar fi nding was noted around central nervous system veins in two 
patients with MS, suggesting that periphlebitis is an early event preceding demye-
linization [ 17 ]. 

 In some cases,  occlusive vasculitis   with secondary retinal neovascularization is 
seen. Complications include vitreous hemorrhage and neovascular glaucoma [ 36 ]. 
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Despite these complications, visual prognosis of MS related  uveitis   is generally 
good, probably due to mostly peripheral involvement [ 17 ].  

26.6.5        Systemic Lupus Erythematosus (SLE) 

 Retinopathy may affect up to 30 % of patients with  SLE   [ 37 ]. The pathogenesis of 
vascular occlusion is not clear, possible explanations include immune-complex 
deposition, complement activation and fi brinoid degeneration of the vascular wall 
resulting in thrombosis and occlusion [ 38 ]. Clinical fi ndings include cotton-wool 
spots (retinal microinfarctions) as well as larger artery occlusion. On FA retinal 
ischemia may be evident as well as neovascularization.   

26.7     Treatment 

 The purpose of treatment of retinal vasculitis is to improve visual acuity by reducing 
ocular infl ammation ( uveitis  ) and prevent complications such as macular edema and 
neovascularization. 

26.7.1     Systemic Immunosuppressive Agents 

 Systemic corticosteroids with or without immunomodulatory (IMN) agents are the 
mainstay of treatment in noninfectious vasculitis patients. BD with retinal vasculi-
tis, is initially treated with a combination of corticosteroids and IMN agents such as 
 azathioprine   or cyclosporine [ 39 ,  40 ]. 

 In ocular  sarcoidosis  , the presence of retinal vasculitis requires the use of sys-
temic corticosteroids and often the addition of IMN agents, most commonly  metho-
trexate   [ 41 ]. In  SLE  , systemic corticosteroids and IMN, such as  azathioprine   and 
mycophenolate  mofetil  , are established treatments that can reduce vasculopathy and 
resolve cotton wool spots [ 42 ], though there is little evidence supporting their role 
in preventing the progression of retinal vasocclusion.  

26.7.2     Biologic Agents 

 Anti -tumor necrosis factor alpha (TNF- α   ) drugs such as  infl iximab   and  adalim-
umab   have been used successfully in the management of sight threatening  uveitis   
and retinal vasculitis mainly in cases of severe ocular BD as a fi rst line treatment 
[ 43 ] or used in cases refractory to other treatments [ 31 ,  44 – 46 ]. Anti-TNF- α    agents 
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are also used for the treatment of refractive cases of ocular  sarcoidosis   [ 47 ,  48 ]. 
Anti-TNF agents are not recommended for the treatment of MS-related retinal 
 vasculitis as it may cause and exacerbate demyelinative manifestations [ 49 ]. 

 Interferon alfa (INF- α   ) has been used in refractory cases of retinal vasculitis 
associated with Behçet’s disease and was shown to induce disease remission in 
55 % of patients even after cessation of the drug [ 50 ].  

26.7.3     Retinal Laser Photocoagulation and Intravitreal Anti- 
Vascular Endothelial Growth Factor (VEGF) 

 Scatter laser photocoagulation is recommended in the presence of retinal neovascu-
larization, and is also considered in cases of severe retinal ischemia, as preventive 
treatment for neovascularization formation. It intends at reduction of the metabolic 
consumption of the retina and reduction of the production of angiogenic factors. 
However, it is not effective in all cases [ 24 ]. There are no randomized clinical trials 
assessing the effi cacy of laser treatment. 

 Intravitreal bevacizumab can be used in eyes with persistent neovascularization 
following or in combination with laser photocoagulation [ 51 ,  52 ].   

26.8     Prognosis 

 Ali et al. [ 20 ] examined the correlation between characteristics of retinal vasculitis 
with ocular complications, or the response to different lines of treatment. They iden-
tifi ed several factors that correlate with a worse prognosis: (A) smoking was signifi -
cantly related to worsening of vision from baseline visit to fi nal visit (B) age at onset 
of presentation below 40 years was associated with greater use of steroid sparing 
agents (C)  occlusive vasculitis   was associated with retinal neovascularization; (D) 
vasculitis with cotton wool spots and intraretinal hemorrhage was associated with 
epiretinal membrane formation. We had a long-term follow-up study, with a median 
follow-up of 46 months [ 19 ] and showed that visual acuity signifi cantly improved 
during follow-up as compared to baseline visual acuity. We identifi ed two prognos-
tic factors for visual acuity improvement: worse visual acuity at baseline visit and 
Behçet’s disease. An explanation for this fi nding may be that patients with low 
visual acuity and patients diagnosed with Behçet’s disease are more likely to be 
treated aggressively which results in a better fi nal outcome.  

S. Shulman and Z. Habot-Wilner



307

26.9     Conclusions 

 Retinal vasculitis may be an isolated condition or associated with systemic infl am-
matory diseases, the most common are Behçet’s disease,  Sarcoidosis   and  SLE  . 
Primary vasculitides are rarely associated with retinal vasculitis. When treated 
properly with systemic immunosuppression, it is associated with good prognosis.      
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    Chapter 27   
 IgG4-Related Disease                     

     Emanuel     Della Torre    

    Abstract     IgG4-related disease (IgG4-RD) is a fi bro-infl ammatory condition 
characterized by fi brous swelling of affected organs, elevated serum IgG4 concentra-
tion in the majority of patients, and a prompt response to corticosteroid therapy. The 
concept of IgG4-RD as a novel clinical entity emerged at the beginning of the twenty-
fi rst century, when Hamano and others noted that, by analogy with sarcoidosis, 
several seemingly unrelated disorders encompassing a wide range of organs shared 
common and unique histopathological features. Indeed, many different conditions 
once regarded as singular entities are now considered part of the IgG4-RD spectrum, 
such as autoimmune pancreatitis, hypertrophic pachymeningitis, idiopathic retro-
peritoneal fi brosis, orbital pseudotumor, and Mikulicz’s disease, among others. 
Vascular involvement has been reported in a proportion of cases of periaortitis and 
infl ammatory aneurysms of the thoracic and abdominal aorta. Given the recent birth 
of IgG4-RD, little is known with certainty about its immunopathogenesis. A putative 
pathogenic contribution of the humoral immune response is supported by the rapid 
clinical responses obtained in these patients with the anti-CD20 monoclonal anti-
body, rituximab. Novel insights into the pathophysiology of IgG4-RD will likely derive 
from the identifi cation of possible microbial or self-antigens.  

27.1        Introduction 

 IgG4- RD   is a rare relapsing-remitting fi bro-infl ammatory condition characterized 
by expansive lesions and serum  IgG4   elevation in the majority of cases [ 1 ]. IgG4-RD 
was originally described in the context of the disorder now termed type 1  autoim-
mune pancreatitis (AIP)   [ 1 ,  2 ], and subsequently recognized in nearly every organ 
system [ 3 ]. The diagnosis of IgG4-RD might be challenging because clinical mani-
festations are largely non-specifi c and overlap with other infl ammatory and neo-
plastic conditions. Thus, the current gold standard for the diagnosis of IgG4-RD is 
the identifi cation of characteristic histological features that are strikingly similar 
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across the full range of organs affected.    Glucocorticoids (GCs) represent the fi rst- 
line treatment for induction of remission, and typically lead to dramatic clinical 
responses in the majority of cases [ 4 ]. However, since IgG4-RD has a marked ten-
dency to relapse, a variety of GC-sparing agents have been employed in order to 
maintain disease remission [ 4 ]. Recently,  rituximab   (RTX), an anti-CD20 monoclo-
nal antibody, has proven to induce rapid clinical responses, supporting a crucial role 
for B lymphocytes in the pathogenesis of this fi brotic condition [ 5 – 7 ]. 

27.1.1     Epidemiology and Predisposing Factors 

 IgG4-RD still represents an overlooked clinical entity and its prevalence remains 
largely underestimated. As a consequence, predisposing and risk factors are diffi cult 
to identify because of limited study populations. To date, all available epidemiologi-
cal studies are based on IgG4-related AIP, the most frequently encountered IgG4-RD 
manifestation. According to these statistical analyses, IgG4-RD has a predilection 
for middle-aged to elderly men (male to female ratio 2.8:1), and seems to associate 
with  HLA-DRB1   aplotypes [ 1 ]. Researchers have also hypothesized an allergic 
trigger in the pathogenesis of IgG4-RD, because a proportion of patients have 
symptoms that overlap with allergic conditions or long-standing histories of allergy 
(rhinitis, nasal polyps, asthma). In addition, mild to moderate peripheral eosino-
philia, and elevations in serum IgE concentration are frequently observed. However, 
recent studies have questioned this theory, and failed to identify other environmen-
tal risk factors for IgG4-RD [ 8 ,  9 ].   

27.2     Clinical Manifestations and Organ Involvement 

 IgG4-RD typically affects middle-aged to elderly men, with sporadic reports of 
pediatric cases [ 1 ]. The clinical presentation is usually indolent, with signs and 
symptoms becoming evident over months or even years. High, spiking fevers and 
other manifestations of systemic infl ammation that mimic infections are classically 
absent, but weight loss can occur during the subclinical period. A long-standing his-
tory of allergies is present in 30–40 % of patients at diagnosis, but symptoms that 
overlap with allergic conditions are also reported in some IgG4-RD patients without 
histories of atopy. These include bronchial asthma, chronic rhinitis and eczema [ 9 ]. 
IgG4-RD is characterized by pseudotumour-like lesions involving single or multi-
ple organs. Different organs might be affected at the same time or one after the 
other. Clinical manifestations are largely non-specifi c and vary according to the 
spectrum of organs involved. Indeed, IgG4-RD might be asymptomatic or present 
with signs and symptoms related to the mechanical compression exerted by the 
fi brotic masses on local structures. IgG4-RD has been described in virtually every 
anatomical region (Table  27.1 ) [ 3 ], but the most common manifestations include 
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type I AIP, chronic periaortitis,  retroperitoneal fi brosis   ( Ormond’s disease  ) and sali-
vary or lacrimal gland swelling ( Mikulicz’s disease  ), conditions regarded as single 
independent entities for decades.

   IgG4-related AIP, the most frequently recognized manifestation of IgG4-RD, 
can be asymptomatic or present with obstructive jaundice, weight loss or abdominal 
pain (Fig.  27.1a ) [ 3 ]. Many patients are misdiagnosed initially as having adenocar-
cinoma of the pancreas, and, sometimes, a proportion of them undergo modifi ed 
pancreatectomy for diagnostic purposes. Several cases of pancreatic cancer have 
been reported in patients with previous IgG4-related AIP, but a clear relationship 
between the two conditions still needs to be fully verifi ed [ 3 ]. Secondary diabetes 
mellitus and malabsorption might complicate long-standing pancreatic disease.

   In 25 % of cases, AIP is associated with gallbladder and bile duct involvement. 
Gallbladder disease, known as ‘ IgG4-related lymphoplasmacytic cholecystitis’  , is 
generally asymptomatic and not associated with gallstones. Conversely,  IgG4- 
related sclerosing cholangitis   is likely to present with jaundice and is often diffi cult 
to differentiate from cholangiocarcinoma. 

 IgG4-related  retroperitoneal fi brosis   classically affects the connective tissue 
around the abdominal aorta and its branches, therefore being often referred as to 
“ IgG4-related chronic periaortitis  ” (Fig.  27.1b, c ) [ 1 ,  3 ]. IgG4-related periaortitis 
represents the unique vascular involvement of IgG4-RD and accounts for 10–50 % 
of cases of idiopathic infl ammatory  aortitis   [ 10 – 12 ]. Depending on disease localiza-
tion and on the involvement of periureteral areas, it might be asymptomatic or pres-
ent with back pain, fl ank pain, dysuria, hematuria, leg or scrotal edema. Aneurysmal 
dilatation and hydronephrosis represent the most feared complications of IgG4-RD 
periaortitis, and might require surgical approaches to prevent aortic dissection or 

   Table 27.1    Spectrum of organs affected by  IgG4-related disease     

 Conditions commonly attributable to IgG4-RD 
 Conditions occasionally associated with 
IgG4-RD 

  Hypertrophic pachymeningitis    Interstitial pneumonia 
  Orbital pseudotumor    Pulmonary fi brosis 
  Mikulicz’s disease    Sclerosing mastitis 
 Angiocentric eosinophilic fi brosis  Constrictive pericarditis 
 Kuttner’s tumor  Sclerosing mesenteritis 
 Riedel’s thyroiditis  Tubulointerstitial nephritis 
 Infl ammatory pseudotumor of the lung  Membranous nephritis 
 Autoimmune pancreatitis  Pseudotumor of the skin 
 Sclerosing cholangitis  Midline destructive lesions 
 Infl ammatory pseudotumor of the kidney 
 Chronic periaortitis 
 Infl ammatory aortic aneurysm 
 Retroperitoneal fi brosis 
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renal failure, respectively. Chronic periaortitis may also involve the thoracic aorta, 
occasionally leading to aortic dissection (Fig.  27.1d ). 

 Salivary and lacrimal glands involvement generally causes facial and orbital 
swelling. Sicca symptoms are often less severe in IgG4-RD than in Sjögren’s syn-
drome and, when present, typically respond well to immunosuppressive therapy [ 1 , 
 3 ]. Orbital pseudotumors affect the lacrimal gland most often but can also occur in 
other orbital regions. Extra-ocular muscle involvement (frequently termed ‘orbital 
myositis’ in the days before the recognition of IgG4-RD) can present with exoph-
thalmos and the restriction of ocular movements [ 1 ,  3 ]. 

 Atypical presentations of IgG4-RD that lack pseudotumor-like lesions should be 
borne in mind, including tubulointerstitial nephritis, glomerulonephritis, midline 
destructive lesions, interstitial lung disease, pleural and pericardial effusion [ 1 ,  3 ]. 
In particular, renal involvement might present with variable degrees of proteinuria, 
hematuria, renal failure or hypocomplementemia [ 1 ,  3 ]. Finally, life-threatening 
presentations such as rupture of infl ammatory aneurysms, coronary syndromes, 
pachymeningitis and acute neurological events have also been described [ 1 ,  3 ].  

  Fig. 27.1    Radiological features of  IgG4-related disease  . ( a ) “Sausage-like” shape of the pancreas 
in autoimmune  pancreatitis   ( asterisks ). ( b–d ) IgG4-related periaortitis of the abdominal ( b  –  cir-
cle ;  c –   arrowhead ) and thoracic aorta ( d  –  arrowhead )       
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27.3     Pathophysiology 

 The pathogenesis of IgG4-RD remains largely elusive. The presence of a dense 
fi brotic tissue and of abundant IgG4-positive plasma cells supports a possible under-
lying “ modifi ed Th2 immune-response  ”, which is classically associated with both 
Th2 (e.g. IL-4 and IL-13) and T regulatory cytokines (e.g.    TGF beta and IL-10) 
production by activated CD4+ T cells. Indeed, Th2 and T regulatory cytokines have 
been identifi ed by molecular and immunohistochemical analyses of IgG4-RD 
lesions from different sites of organ involvement [ 3 ,  13 ]. In particular, IL-13  and 
  TGF beta are thought to drive the deposition of extracellular matrix by activated 
fi broblasts, while IL-4 and IL-10 are considered the major inducers of IgG4 class 
switch in naïve B lymphocytes [ 3 ,  13 ]. The hypothesis of a “ modifi ed Th2 immune- 
response  ” is further supported by the presence of allergic symptoms, peripheral 
eosinophilia, and serum IgE elevation together with serum IgG4 increase in many 
patients at diagnosis. However, the analysis of circulating T cells for Th2/Tregulatory 
polarization has led to confl icting results, and showed an expansion of Th2 memory 
CD4+ T cells only in IgG4-RD patients with a concomitant history of atopy [ 8 ,  9 ]. 
Therefore, a direct evidence for a role of Th2 cells in IgG4-RD pathogenesis is still 
lacking. 

 The pathogenic role of IgG4 itself remains unclear. IgG4 comprises only 1–4 % 
of the total IgG population in healthy individuals, and, in contrast to other IgG sub-
classes, IgG4 has limited ability to activate immune responses because of its low 
affi nity for both Fc receptors and the C1 complement molecule [ 1 ,  3 ,  13 ]. IgG4 is 
also unique in its ability to undergo “ half-antibody exchange  ”, a process whereby 
the IgG4 heavy chains dissociate from each other and re-associate randomly with 
other non-symmetrical antibody halves. As a consequence of the  half-antibody 
exchange  , IgG4 molecules become functionally “bi-specifi c” (capable of binding 
two antigens, neither tightly) and rarely associate with each other to form large 
immune complexes (Fig.  27.2 ). In view of this “non-infl ammatory” nature of IgG4, 
its elevated concentrations in IgG4-RD probably do not represent the primary dis-
ease driver, but rather signify a secondary process designed to dampen ongoing 
chronic immune activation or, ultimately, an epiphenomenon. Recently, IgG4-RD 
activity was shown to correlate with the oligoclonal expansion of circulating plas-
mablasts, the precursors of plasma cells [ 14 ], thus supporting an underlying antigen 
driven immune-response. Interestingly, B cell depletion with  rituximab   (a monoclo-
nal anti-CD20 antibody) was shown to induce a swift clinical improvement, a 
prompt serum IgG4 reduction, and a substantial diminution of circulating plasma-
blasts, thus further suggesting an important contribution of the B cell lineage to the 
pathophysiology of this fi brotic disorder [ 7 ,  14 – 16 ].

   All in all, IgG4-RD is likely due to an antigen (whether microbial or autoantigen) 
driven immune response that induces both the B cell commitment towards IgG4 
production and the secretion of pro-fi brotic cytokines by activated T lymphocytes.  
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27.4     Diagnosis 

 Actual serological and radiological features of IgG4-RD lack adequate sensitivity 
and specifi city for diagnostic purposes. Therefore, histological confi rmation is man-
datory in order to achieve a defi nite diagnosis of IgG4-RD, and to exclude mimick-
ing neoplastic or infl ammatory conditions. 

27.4.1     Serological Findings 

 Acute phase reactants such as the erythrocyte sedimentation rate and C-reactive 
protein are usually (but not always) elevated to a moderate degree. Peripheral blood 
eosinophilia and increased serum IgE occur in almost 30 % of patients [ 1 ,  2 ,  8 ,  9 ]. 
Some patients might also have positive low-titre ANA, but the presence of anti-Ro/
SSA, anti-La/SSB, and  ANCA   antibodies typically implicates other immune medi-
ated conditions. Other IgG subclasses, particularly IgG1, are frequently elevated in 
IgG4-RD, though generally not to the extent of IgG4. Complement C3 and C4 lev-
els might decrease in case of renal involvement or concomitant serum IgG1, IgG2 
or IgG3 elevation. Elevated serum IgG4 levels are present in almost 60 % of patients 
and their increase correlates with multi-organ involvement. However, dosage of 
serum IgG4 concentrations alone has demonstrated a poor specifi city and a weak 

  Fig. 27.2    Immunological properties of IgG4 antibodies       
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positive predictive value, thus being an unreliable tool for diagnostic and follow-up 
purposes [ 17 ]. Recently, measurement of circulating plasmablasts, the precursors of 
mature plasma cells, has been proposed as a potential biomarker for IgG4-RD, but 
larger population studies are required in order to validate this test [ 14 ,  15 ].  

27.4.2     Radiological Findings 

 Radiological fi ndings are largely unspecifi c and are not suffi cient to distinguish 
IgG4-RD from neoplastic conditions presenting with mass forming lesions. IgG4- 
related AIP is the sole exception, because computed tomography  and   magnetic reso-
nance imaging classically show a “sausage-like” shaped pancreas with, often, a 
surrounding rim of edematous tissue (Fig.  27.1a  – asterisks).    Positron emission 
tomography (PET) has an important diagnostic value because active IgG4-RD 
lesions show an increased  18 FDG uptake, unless in case of a long-standing  fi brotic 
scar   (Fig.  27.1c, d ). In particular,  18 FDG PET scan is essential for detecting vascular 
involvement, might be of help for staging purposes, and represents a useful tool for 
assessing disease response to treatment.  

27.4.3     Histopathological Findings 

 Histopathological hallmarks of IgG4-RD are (i) a dense  storiform fi brosis  , (ii) oblit-
erative phebitis, (iii) a lymphoplasmacytic infi ltrate rich in IgG4-positive plasma 
cells and (iv) a mild to moderate eosinophilic infi ltrate [ 1 ,  3 ,  18 ]. 

 The infl ammatory infi ltrate is mainly composed of oligoclonal B and T lympho-
cytes. B lymphocytes tend to organize in germinal centers, while T lymphocytes are 
spread throughout the fi brotic tissue. At a careful immunohistochemical evaluation, 
the majority of plasma cells stain positive for IgG4 antibodies (Fig.  27.3a  – arrows), 
while other subclasses are less represented. An overall number of IgG4-positive 
plasma cells > 10/high power fi eld and an IgG4+/IgG+ plasma cells ratio > 40 % are 
considered diagnostic for IgG4-RD [ 1 ,  18 ], although more detailed organ specifi c 
immunohistochemical criteria have been developed in the “Consensus Statement on 
the Pathology of IgG4-RD” [ 18 ]. Interestingly, IgG4-positive plasma cells might be 
found in other infl ammatory, neoplastic and infectious conditions, and thus, a correct 
diagnosis should rely also on the following histological features.

   In particular, “ storiform fi brosis  ” is a hallmark of IgG4-RD (Fig.  27.3b  – aster-
isks).  Storiform fi brosis   is thought to derive from collagen secretion by activated 
myofi broblasts in response to different pro-fi brotic stimuli. The term ‘storiform’ 
refers to an irregularly whorled organization of the collagen bundles that can be 
observed in the majority of organs affected by IgG4-RD. For instance, Fig.  27.3c  
shows the lymphoplasmacytic infi ltrate spread within the fi brotic background in the 
adventitial wall of an IgG4-related  aortitis  . 
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 Histological examination should also carefully assess vascular involvement 
because “ obliterative phlebitis  ” represents another characteristic aspect of IgG4-RD. 
“ Obliterative phlebitis  ” is caused by a dense lymphoplasmacytic infi ltrate seen both 
within the wall of the venous channel and within the lumen (Fig.  27.3d  – arrow). 
Accompanying arteries are less likely to be affected by the infl ammatory process, 
and can therefore serve as a guidepost to detecting obliterated venous structures 
(Fig.  27.3d  – arrowhead). The presence of arteritis is a rare fi nding in IgG4-RD, 
and, although occasionally observed in cases of autoimmune  pancreatitis   and in 
lung lesions, it should suggest alternative small-to-medium sized vessels vasculitis. 
Interestingly, the arteritis of IgG4-RD is characterized by a non-necrotizing lym-
phoplasmacytic infi ltrate with or without obliteration of the lumen. 

 The presence of these fi ndings might vary according to disease progression. For 
instance, epithelial or endothelial damage is not observed until end-stage disease, 
when fi brosis subverts the parenchymal structure and impairs organ function. At 
this point, the infl ammatory infi ltrate is almost completely substituted by a dense 
fi brous “acellular” tissue (“ fi brotic scar  ”), and IgG4-positive plasma cells might be 
absent. Neutrophils, necrosis and granulomas are classically absent, and their pres-
ence should prompt the exclusion of other potential differential diagnoses.   

  Fig. 27.3    Histopathological features of  IgG4-related disease  . ( a ) Immunohistochemistry reveals 
IgG4-positive plasma cells ( arrows ). ( b )  Storiform fi brosis   ( asterisks ). ( c ) Lymphoplasmacytic 
infi ltrate spread throughout the  storiform fi brosis   in the adventitial wall of a thoracic aorta. ( d ) 
“ Obliterative phlebitis  ”: an obliterated vein ( arrow ) close to the accompanying unaffected artery 
( arrowhead )       
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27.5     Therapy 

 Treatment is not always necessary in patients with IgG4-RD, and watchful waiting 
is prudent in some asymptomatic cases. Conversely, when vital organs are involved 
or patients become symptomatic, aggressive treatment is needed because IgG4-RD 
can lead to serious organ dysfunction and failure. 

    Glucocorticoids represent the fi rst line therapy and lead to dramatic clinical 
responses in the majority of cases with both pancreatic and extra-pancreatic disease. 
One typical approach is to treat with prednisolone (0.6 mg/kg per day for 2–4 
weeks), followed by a gradual taper over a period of 3–6 months once remission is 
achieved [ 4 ,  5 ]. 

 IgG4-RD has, however, a marked tendency to relapse during or after GC tapers, 
especially in cases of multiorgan and extrapancreatic involvement [ 4 ,  5 ]. In 
patients with autoimmune  pancreatitis  , the risk of disease fl are increases substan-
tially with time. In one study, the percentage of patients experiencing relapses was 
32 % at 6 months, 56 % at 1 year, 70 % at 2 years, and 92 % at 3 years, despite the 
maintenance of some GC dose in most patients [ 4 ,  5 ]. Disease fl ares have been 
described over the course of GC tapering, after GC withdrawal, and during main-
tenance therapy with low-dose GCs [ 4 ,  5 ]. Because the durability of treatment 
responses to GCs is variable and poorly characterized, a variety of GC-sparing 
agents have been employed as remission-maintenance drugs (e.g.  azathioprine  , 
mycophenolate  mofetil  ,  methotrexate  ,  cyclophosphamide  , and  bortezomib  ) with 
alternate results [ 4 ,  5 ]. 

 More recently, two doses of  rituximab   (1gr 15 days apart), an anti-CD20 mono-
clonal antibody, has proven to induce swift clinical responses in patients with recur-
rent or refractory disease, suggesting an important contribution of the B cell lineage 
to the pathophysiology of this fi brotic disorder [ 5 – 7 ,  15 ,  16 ]. Indeed, researchers 
have hypothesized that mass-forming IgG4-RD lesions are more likely to shrink in 
the presence of a prominent lymphoplasmacytic infi ltrate (“active fi broinfl amma-
tion”), rather than in the presence of tightly organized collagen bundles in which 
both infl ammatory cells and myofi broblasts are rare (“acellular end-stage fi brosis” 
or “ fi brotic scar  ”) [ 7 ]. 

 Further studies are needed to provide reliable and standardized guidelines for the 
long-term management of IgG4-RD.      
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    Chapter 28   
 Urticarial Vasculitis. A Review 
of the Literature                     

     Giulia     De     Feo    ,     Roberta     Parente    ,     Chiara     Cardamone    , and     Massimo     Triggiani    

    Abstract     Urticarial vasculitis (UV) is a clinical entity characterized by the aspects 
of leukocytoclastic vasculitis (LCV). Since its clinical features often overlap with 
those of common urticaria, a lesional skin biopsy is often necessary for the diagno-
sis. UV may be idiopathic or caused by endogenous (tumors) or exogenous (infec-
tions) factors. UV is frequently associated to consumption of serum complement 
factors. In this case, UV is called hypocomplementemic urticarial vasculitis (HUV). 
Hypocomplementemic urticarial vasculitis syndrome (HUVS) is a more severe 
form characterized by hypocomplementemia and systemic symptoms. Some 
patients may have UV with normal complement levels (normocomplementemic 
UV: NUV) and they usually have minimal or no systemic involvement. Response of 
UV to treatment is variable.  

  Keywords     Urticarial vasculitis   •   Complement  

  Abbreviations 

   UV    urticarial vasculitis   
  LCV    leukocytoclastic vasculitis   
  HUVS    hypocomplementemic urticarial vasculitis syndrome   
  SLE    systemic lupus erythematosus   
  NUV/HUV    normocomplementemic/hypocomplementemic urticarial vasculitis   
  CU    chronic urticaria   
  COPD    chronic obstructive pulmonary disease   
  ESR    erythrocytes sedimentation rate   
  ANA    antinuclear antibodies   
  CAPS    cryopyrin-associated periodic syndromes   
  FCAS    familial cold autoinfl ammatory syndrome   
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  MWS    Muckle-Wells syndrome   
  CINCA    chronic infantile neurological cutaneous and articular syndromes   
  NLRP3    NOD-like receptor protein 3   

28.1         Introduction 

  Urticarial vasculitis (UV) is a rare  disorder   characterized by recurrent episodes of 
urticaria (each one lasting more than 24 h) and histopathological features of  leuko-
cytoclastic vasculitis   (LCV) [ 1 ,  2 ]. Hypocomplementemic urticarial vasculitis syn-
drome (HUVS) represents a more severe form of UV and has characteristic features, 
other than hypocomplementemia, which resemble systemic lupus erythematosus 
(SLE) [ 2 ,  3 ]. The diagnostic criteria of HUVS have been defi ned by Schwartz et al. 
(1982), as described below [ 4 ]. However, some patients do not show signifi cant 
clinical or laboratory features other than complement consumption and, thus, they 
are probably affected  by   hypocomplementemic urticarial vasculitis (HUV), rather 
than HUVS [ 2 ]. Over the years, different names have been used to refer to the clini-
cal and laboratory manifestations of UV. They probably are all variants of the same 
disease with different appearances, going from urticaria with cutaneous vasculitis 
without complement consumption (non-hypocomplementemic urticarial vasculitis: 
 NUV  ), to mild forms with hypocomplementemia as unique manifestation other than 
cutaneous lesions (HUV), or severe forms with systemic involvement and hypo-
complementemia, sometimes associated with minimal urticaria (HUVS) [ 2 ].  

28.2     Epidemiology 

 UV is a rare condition and its prevalence and incidence depend on the histological 
defi nition of vasculitis, which could differ among the authors. Prevalence ranges 
from 3 % to 20 % in patients with chronic urticaria (CU) [ 1 ]. Women represent from 
60 % to 80 % of the affected population [ 2 ]. There is a peak of incidence in the 
fourth decade of life, as it occurs for other immunological diseases. It is rare in 
children, but it should be considered if urticaria, glomerulonephritis, arthralgia or 
arthritis, and lung involvement coexist [ 1 ,  2 ]. Renal involvement seems to be more 
severe in pediatric cases [ 5 ,  6 ].  
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28.3     Histopathology and Immunopathology 

 The most frequent fi nding in skin biopsy of patients with UV is leukocytoclasis, 
defi ned as the fragmentation of leukocytes, particularly neutrophils, and variable 
numbers of lymphocytes and eosinophils, with generation of nuclear fragments and 
fi brinoid degeneration with fi brin deposits within and around the venules. Other 
histological modifi cations are relatively frequent and they are useful to differentiate 
UV from CU (Table  28.1 ) [ 7 ]. However, some patients show no major histopatho-
logic change other than a perivascular infl ammatory infi ltrate, and they could be 
considered as affected by a less severe form of UV. These observations suggest the 
existence of a  continuum  in the histopathologic fi ndings which can refl ect the sever-
ity of clinical manifestations [ 1 ,  2 ,  8 ].

28.4        Pathophysiology 

 Pathogenesis of UV seems to be due to a type III hypersensitivity reaction mediated 
by immune complexes, as it occurs for other leukocytoclastic vasculitides. Immune 
complexes precipitate in the vessel wall and activate the classical complement path-
way with production of C3a and C5a [ 1 ,  2 ]. The antigen of the immune complexes 
is only rarely identifi ed [ 2 ]. Immune complexes are also implicated in lung, cardiac 
and renal damage [ 2 ,  9 – 14 ]. The anaphylatoxins C3a and C5a induce mast cell 
degranulation and production of mediators including histamine, chemokines and 
cytokines, which increase vessel permeability and chemotaxis of infl ammatory 
cells, particularly neutrophils. As neutrophils migrate to the site of infl ammation, 
they acquire phagocytic properties and release proteolytic enzymes (e.g., protease, 
collagenase, elastase) causing further tissue damage [ 1 ,  2 ]. The coagulation system 
seems to be involved in the pathogenesis of UV, probably even more than it is in 
common urticaria. In both diseases, tissue factor, released mainly by eosinophils 
infi ltrating skin lesions, activates the coagulation pathway leading to generation of 
thrombin with increased vascular permeability and edema [ 15 ].  

   Table 28.1    Histopathological criteria for the diagnosis of urticarial vasculitis (UV) and differences 
with histological features of chronic urticaria (CU)   

 UV  CU 

 Vessel wall and perivascular infi ltrate 
(mostly neutrophils) 

 Absent or minimal perivascular infi ltrate (various 
cells, mostly T-lymphocytes) 

 Injury and swelling  of   endothelial cells 
(usually of the venules) 

 Minimal endothelial swelling (inconstant) 

 Fibrinoid degeneration  of   endothelial 
cells with fi brin deposits 

 No fi brin deposits 

 Leukocytoclasis  No leukocytoclasis 
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28.5     Clinical Features 

 Clinical manifestations of UV can be both cutaneous and systemic (Table  28.2 ). 
Cutaneous lesions show different patterns going from the more common wheals 
with angioedema, to the less common urticarial lesions with residual hyperpigmen-
tation or purpura (Fig.  28.1 ). Wheals in UV are usually long-lasting (>24 h) and 
may tend to confl uency, reaching the consistency of plaques. In some cases wheals 
may acquire the typical aspect of “target” lesions with a central area of resolution 
(Fig.  28.2 ). Other patterns seem to be rare [ 2 ,  16 ]. Infl ammation could also cause 
epidermal ulceration or subepidermal vesicle formation [ 9 ]. These complex skin 
lesions never occur in common urticaria. Many patients with UV and systemic 
involvement have arthralgias or arthritis, so that they confi gure the so-called “AHA 
(Arthralgias/Arthritis, Hives, Angioedema)  Syndrome  ”. In particular, arthralgia 
occurs in a half of the patients [ 2 ].

     Arthritis is mainly localized to small joints of the hands, elbows, feet, ankles and 
knees [ 2 ].  Jaccoud’s arthropathy   (a slowly progressive arthritis causing deformities 

   Table 28.2    Clinical features of UV   

  Skin   Common: erythematous urticarial papules, angioedema, 
dermographism, annular erythema 
 Less common: urticarial lesions with residual 
hyperpigmentation or purpura 
 Rare: erythema multiforme-like lesions,   livedo reticularis   , 
 Raynaud’s phenomenon   

  Joint   Common: arthralgia, arthritis 
 Less common: Jaccoud’s syndrome 

  Respiratory   Common: cough, dyspnea, COPD, asthma, pleural effusion 
 Less common: laryngeal edema, pleuritis, emphysema, 
hemoptysis 

  Central Nervous System   Common:   pseudotumor cerebri   ,  aseptic meningitis   
 Less common: transverse myelitis 

  Peripheral Nervous System   Common: cranial nerve palsies 
 Less common: other peripheral neuropathies 

  Heart and cardiovascular   Common: pericarditis, pericardial effusion, cardiac tamponade 
 Less common: cardiac valve disease 

  Gastrointestinal   Common: substernal and/or abdominal pain, nausea, vomiting, 
diarrhea 
 Less common: hepatomegaly 

  Renal   Common: hematuria, proteinuria, glomerulonephritis 
 Less common: renal failure 

  Ophthalmologic   Common: conjunctivitis,  episcleritis  ,  uveitis   
 Less common: geographic serpiginous choroidopathy, visual 
loss, optic atrophy 

  Other   Fever, fatigue, splenomegaly, lymphadenopathy, cold 
sensitivity 
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  Fig. 28.1    Skin lesions in a patient affected by UV       

  Fig. 28.2    Urticaria with “target lesions” on leg skin       
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of the fi ngers and toes) can also occur, and these patients seem to be more frequently 
interested by cardiac involvement (valvulopathy) [ 8 – 10 ]. Renal disease is less com-
mon, particularly in patients with  NUV  , and usually occurs with moderate-to-severe 
proteinuria and microhematuria rarely evolving to mild renal failure [ 5 ,  6 ]. Severe 
respiratory complications are rare (e.g., hemoptysis, emphysema, pleural effusion) 
whereas asthma and COPD are more frequent [ 4 ,  8 ,  11 – 14 ]. Gastrointestinal symp-
toms may include abdominal pain, nausea, vomiting, diarrhea or gastrointestinal 
distress, but not bleeding. Ophthalmologic and central nervous system involvement 
is rare and may include  episcleritis  ,  uveitis   or conjunctivitis,   pseudotumor cerebri   , 
 aseptic meningitis   and cranial nerve palsies [ 17 ]. Other systemic symptoms or clini-
cal fi ndings, such as fever, fatigue, hepato-, splenomegaly and lymphadenopathy are 
considered rare [ 2 ].  

28.6     Diagnosis, Causes and Associations 

 Skin biopsy demonstrating the histological fi ndings of urticarial vasculitis remains 
the gold standard for diagnosis [ 1 ]. When the diagnosis has been established, a 
complete blood count and serum levels of creatinine, blood urea nitrogen, electro-
lytes, erythrocyte sedimentation rate (ESR), complement (C3, C4, C1q and CH50), 
circulating immune complexes (present from 30 % to 75 % of patients with UV), 
total serum immunoglobulins and cryoglobulins in association with liver function 
tests and urinalysis should be obtained in all patients [ 2 ]. An increased ESR, reduced 
C3, C4 and sometimes C1q and a positive antinuclear antibody (ANA) or anti- 
dsDNA, are common. Anti-C1q antibodies IgG can be detected (also known as C1q 
precipitins). An elevated polyclonal immunoglobulin level, cryoglobulinemia and 
anemia are often present [ 2 ]. Anti-Ro/SSa, anti-La/SSb, anti-Sm, antiphospholipid 
 and   anti-endothelial cell antibodies may also be present in  HUV   associated with 
connective tissue disease and in HUVS. Hypocomplementemia is considered as a 
marker of systemic involvement [ 2 ]. Patients with respiratory symptoms should be 
evaluated with chest X-ray and pulmonary function tests, whereas those who refer 
arthralgias/arthritis should undergo joint and skeletal X-ray examination. Suspected 
causes and association with other diseases should be investigated if physical exami-
nation and history are suggestive: connective tissue diseases (e.g., Sjögren’s syn-
drome), infections (e.g., hepatitis B or C, EBV), some drugs (e.g., chemotherapy) 
[ 18 ], cryoglobulinemia and other immunoglobulin abnormalities (IgG/IgD/IgA 
gammopathy), hematologic disorders (leukemia, lymphoma, polycythemia vera, 
idiopathic thrombocytopenic purpura, essential thrombocytemia) [ 19 – 21 ], malig-
nancy (e.g., metastatic adenocarcinoma of the colon) and other less common condi-
tions (e.g.,    infl ammatory bowel disease, amyloidosis).  Schnitzler syndrome   is an 
association of monoclonal IgM gammopathy with increased markers of systemic 
infl ammation (e.g., elevated C-reactive protein levels, fever, weight loss, arthralgias 
and bone pain) and the chronic appearance of wheals, which often show signs of 
urticarial vasculitis [ 2 ,  22 ]. Diagnosis of HUVS (also known as  McDuffi e 
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syndrome  ) is diffi cult given its similarities with  SLE  . Schwartz et al. (1982) defi ned 
two major and six minor criteria; both major criteria and at least two of the minor 
criteria are required for the diagnosis (Table  28.3 ). Exclusion criteria are: a signifi -
cant cryoglobulinemia ( cryocrit   >1 %), an elevated anti-DNA antibody titer, high 
titers of ANA, hepatitis B antigenemia, decreased C1 esterase inhibitor level and an 
inherited complement defi ciency [ 2 ].

   UV also needs to be differentiated from other entities that may occur with urti-
carial skin lesions such as  Cryopyrin-Associated Periodic Syndromes (CAPS)  . 
Three distinct syndromes are included in CAPS: Familial Cold Autoinfl ammatory 
Syndrome (FCAS), Muckle-Wells Syndrome (MWS) and several disorders known 
as CINCA (Chronic Infantile Neurological Cutaneous and Articular syndromes). 
These autosomal dominant disorders are due to different mutations of a single gene 
called NOD-like receptor protein 3 (NLRP3). This gene codifi es for a protein which 
is a cryopyrin. This infl ammasome protein is responsible for augmenting serum 
levels  of   Interleukin-1 β , leading to an autoinfl ammatory state. Although differential 
diagnosis may be often diffi cult, there are some clinical differences between CU/
UV and CAPS. For example, skin lesions in CAPS are more symmetrical than CU/
UV, they consist of pink macules or plaques rather than typical wheals and usually 
last less than 24 h. In addition, skin lesions in CAPS are accompanied by pain or 
burning sensation rather than itching [ 15 ].  

28.7     Treatment 

 Treatment of UV depends on the severity of disease. Anti-histamines are usually not 
effective. During exacerbations most patients require short courses  of   glucocorti-
coids to control cutaneous and systemic manifestations.  Continuous   glucocorticoid 
treatment is used in patients with more severe forms. The usual dosage is 1 mg 
prednisone equivalent/Kg of body weight daily  per os  until clinical remission. 
Alternatively, other immunosuppressive drugs, such as cyclosporin,  azathioprine  , 
mycophenolate  mofetil   and  hydroxychloroquine   may be used. There is some evi-
dence of effectiveness of  dapsone   and  cyclophosphamide  , but these drugs may 
cause major side effects. Plasmapheresis may be considered in cases not responsive 

   Table 28.3    Diagnostic criteria of HUVS by Schwartz et al. (1982)   

 Major criteria  Minor criteria 

 1. Urticaria for more than 6 months  1. Dermal venulitis on biopsy 
 2. Arthralgia or arthritis 

 2. Hypocomplementemia  3.  Uveitis   or  episcleritis   
 4. Mild glomerulonephritis 
 5. Recurrent abdominal pain 
 6. Positive C1q precipitin test by immunodiffusion with 
reduced C1q level 
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to immunosuppressive treatments. The effi cacy of i.v. immunoglobulins has not 
been fully evaluated. There is evidence that  tocilizumab  , an anti-IL6 antibody, could 
be useful in patients refractory to other treatments [ 23 ,  24 ]. Moreover, some patients 
affected  by   infl ammatory bowel disease and associated UV may benefi t from treat-
ment with  rituximab   [ 25 ,  26 ].  Omalizumab  , a monoclonal anti-IgE antibody is 
effective in anti-histamine-resistant chronic urticaria [ 27 – 29 ]. The mechanism of 
action of  omalizumab   in chronic urticaria is complex and goes beyond the binding 
of free IgE and blockade of IgE binding to their high affi nity receptors (Fc ε RI). It is 
likely that reduction of IgE binding to Fc ε RI induces the down-regulation of these 
receptors on mast cells, basophils and other cells with subsequent functional inhibi-
tion of the secretory activities of these cells [ 23 ].  Omalizumab   also seems to be 
useful for the treatment of UV, but it is not clear whether it is effective against both 
normocomplementemic or hypocomplementemic UV [ 30 ]. Recently,  canakinumab  , 
a monoclonal antibody anti-IL1 β  used for treatment of CAPS [ 15 ], has been pro-
posed for patients with UV. However, since only case reports have been published, 
further studies are needed to confi rm this treatment option [ 31 ].      
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    Chapter 29   
 HCV-Related Cryoglobulinemic Vasculitis: 
An Overview                     

     Franco     Dammacco     ,     Sabino     Russi    , and     Domenico     Sansonno   

    Abstract     Cryoglobulinemic vasculitis (CV) is a small and medium-size vasculitis 
characterized by the occurrence in the serum of reversibly precipitating proteins, 
named cryoglobulins and immunochemically formed by an IgM component (mono-
clonal or polyclonal) with rheumatoid factor activity and a polyclonal IgG compo-
nent (mixed cryoglobulins). CV is almost invariably associated to chronic HCV 
infection. In addition to the typical purpura/asthenia/arthralgia syndrome, the pleo-
morphic clinical picture often includes membrano-proliferative glomerulonephritis 
and motor-sensory axonopathy. Hemorrhagic alveolitis, gastrointestinal vasculitis, 
heart failure and hyperviscosity syndrome are less frequently observed. The amount 
of cryoprecipitate, named cryocrit, is not strictly related to the clinical severity of 
CV and to the viral load. Rheumatoid factor activity and low levels of the comple-
ment C4 (sometimes also of C3 and CH50) are unfailing serological abnormalities. 
The pathogenetic mechanism of CV is still incompletely defi ned, but it can be 
essentially ascribed to the formation of HCV particles/IgG/IgM macromolecular 
complexes that are good acceptors of C1q and can therefore bind to the C1q recep-
tors on the endothelial cells. This would eventually trigger the onset of a leukocyto-
clastic vasculitis. Although with wide geographic variations, CV can progress to 
non-Hodgkin lymphoma (NHL), possibly through an impaired regulatory control of 
B-cell growth. In Italy, approximately 5 % of B-cell NHLs seem to be HCV-related. 
Therapy of CV should be adapted to each patient’s condition. Low daily doses of 
corticosteroids can mitigate arthralgias and possibly prevent fl ares, but their long- 
term administration should be avoided for their inevitable side effects. Pulsed intra-
venous infusions of corticosteroids can prevent organ damage in the course of 
severe vasculitis fl ares. High rates of sustained virologic responses can be achieved 
with the use of the new interferon-free, all-oral direct acting antiviral agents. In 
patients with refractory/relapsing or with severely active CV, characterized by 
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B-cell clonal expansion, a B-cell depleting therapy with rituximab often results in a 
satisfactory control of clinical features, although the viral load may sometimes tran-
siently increase. Low-grade and indolent HCV-related NHLs have been found to 
undergo complete or partial remission following anti-HCV therapy. Finally, double 
fi ltration plasmapheresis can contribute to the improvement and possibly healing of 
chronic ulcers on the legs.  

  Keywords     Cryoglobulinemic vasculitis   •   Hepatitis C virus   •   Mixed cryoglobuline-
mia   •   Rheumatoid factor   •   Rituximab  

29.1       Introduction 

  Mixed cryoglobulinemia   (MC) is a small and midium vessel vasculitis character-
ized by the presence in the serum of cold-precipitable proteins named “cryoglobu-
lins” [ 1 ]. Although single (type I) monoclonal immunoglobulins (IgG or IgM, more 
rarely IgA) can behave as cryoglobulins in patients with lymphoproliferative disor-
ders, the large majority of mixed cryoglobulins are formed by IgG/IgM immune- 
complexes in which the IgG fraction is always polyclonal, whereas the IgM fraction 
can be monoclonal (type II MC) or polyclonal (type III MC). HCV infection is typi-
cally associated with type II MC in which the IgMk monoclonal component is con-
sistently endowed  with   rheumatoid factor (RF) activity and shows anti-idiotypic 
activity [ 2 ]. 

 In early studies and for several years thereafter, given the ignorance of its etiol-
ogy, MC has been termed “essential” [ 3 ]. At the beginning of the 1990s, following 
the availability of reagents and methods to detect the serum occurrence of anti-HCV 
antibodies and shortly after of  HCV RNA  , the large majority of MC patients were 
indeed found to be HCV-infected [ 4 – 7 ], thus restricting the percentage of “essen-
tial” MC to less than 10 %. 

 Based on this striking association, MC is now considered the most typical and 
unquestionable extra-hepatic manifestation of HCV infection. In terms of preva-
lence, although variable amounts of cryoglobulins can be detected in 25–30 % of 
HCV-positive patients, most of them remain asymptomatic whereas a cryoglobulin- 
related illness, commonly defi ned  cryoglobulinemic vasculitis   (CV), appears only 
in a minority (10–15 %) of patients.  

29.2     Clinical Features 

 CV includes a wide spectrum of symptoms, extensively described in recent reviews 
[ 8 ,  9 ], that range in severity from sporadic petechial eruptions to life-threatening 
manifestations. The triad purpura/asthenia/arthralgia has long been recognized to be 
almost invariably associated with MC [ 3 ]. Patients usually complain of recurrent 
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episodes of  palpable purpura  , confi ned or largely prevalent to the lower limbs and 
less often to the buttocks. Over the years, the deposition of hemosiderin in the sites 
previously affected with crops of purpura results in the local appearance of brown-
ish, irreversible dyschromias which can by themselves raise the suspicion of 
CV. Weakness and arthralgia, on the other hand, are recorded in approximately 
80 % and 70 % respectively, whereas myalgia/fi bromyalgia and non-erosive oligo- 
arthritis are observed much less frequently.  Raynaud’s phenomenon   and  livedo 
reticularis   are also commonly seen, but unhealing leg and/or malleolar ulcers and 
digital gangrene are of much less frequent occurrence (Fig.  29.1 ). 

 According to our experience in treating 246 patients with HCV-positive CV [ 10 ], 
kidney involvement (with its obvious prognostic implications) is diagnosed in 
approximately half of the CV patients, one third of whom develop membrano- 
proliferative glomerulonephritis and arterial hypertension, and an additional 15 % a 
nephrotic syndrome. Membranous glomerulonephritis and focal glomerular sclero-
sis can more rarely be seen. The renal damage is revealed by the detection of micro-
scopic hematuria and proteinuria, whose amount can range from a little higher than 
the upper limit of normal up to the nephrotic range. 

 Another relatively frequent feature of CV is  motor-sensory axonopathy  , that may 
result in burning sensation of the legs and diffuse paresthesias, and is exacerbated in 
patients given interferon-alfa therapy. Neurocognitive impairment and  mononeuritis 
multiplex   are unusual complications [ 11 ,  12 ]. Finally, rare symptoms include  hemor-
rhagic alveolitis   and interstitial lung fi brosis, gastrointestinal vasculitis, heart failure 
and dilated cardiomyopathy,  hyperviscosity syndrome   (that is much more frequent in 
type I cryoglobulinemia) and painful osteosclerosis [ 13 ]. The pathogenesis of these 
rare manifestations remains undefi ned but is possibly related to diffuse vessel disease.  

  Fig. 29.1    Features of HCV-related  cryoglobulinemic vasculitis  . ( a ) Whitish cryoprecipitate after 
keeping a Wintrobe tube at 4 °C for 5 days and centrifuging at 1,400 rpm for 10 min at 4 °C. ( b ) 
Purpuric eruptions extensively involving the legs. Torpid perimalleolar ( c ) and necrotic pre-tibial 
( d ) ulcers       
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29.3     Serological Findings and Laboratory Parameters 

 The amount of cold-induced serum precipitate, expressed as percentage of the 
whole serum and named  cryocrit   by analogy with hematocrit, is usually higher in 
type I compared with types II and III cryoglobulins.  Cryocrit  , however, does not 
seem to be strictly related to the clinical severity of CV [ 8 ], although a complete 
response to therapy is associated to the disappearance of the cryoprecipitate. 
Obviously, anti-HCV antibodies and variable levels of  HCV RNA   are detected in 
virtually all CV patients. 

 Compared with HCV-infected patients without CV, a striking feature of HCV- 
positive patients with active CV is the remarkable decrease in their serum of com-
plement C4 and, to a lesser extent, of CH50 and C3 levels [ 14 ]. In addition, as stated 
above, an unfailing mark of MC is the RF activity of the IgM component. Most, if 
not all, of these IgM molecules exhibit the  Wa (V H 1-69) cross-reactive idiotype   and 
are associated with the light chain cross-idiotype 17–109 and the heavy chain cross- 
idiotype G6. IgM-Wa cross-reactive idiotypes have been shown to be expressed 
within the cryoprecipitates of patients with type II, but not type III, MC [ 15 ]. Further 
immunological abnormalities of CV patients stem from the peripheral lymphocyto-
gram, that usually shows a higher percentage of CD4-positive and above all CD19/
CD20-positive cells. 

 The prevalence of autoantibodies may range from 9 % of anti-mitochondrial 
antibodies to 18 % of anti-smooth muscle antibodies and up to 30 % of anti-nuclear 
antibodies [ 16 ].

29.4        Histopathology, Immunofl uorescence 
and Immunohistochemistry 

 The histological vessel involvement of CV encompasses a broad spectrum of cuta-
neous lesions of variable severity. Skin biopsies of CV patients include  leukocyto-
clastic vasculitis  , urticarial  vasculitis  , and lymphocytic or granulomatous 
microvasculitis, and endoarteritis obliterans that may sometimes progress to necro-
tizing vasculitis,  fi brinoid necrosis  , and thrombotic occlusion of the vessel lumens 
[ 17 ] (Fig.  29.2a ).

   Monoclonal IgM with RF activity, complement C3 and C4 components, IgG and 
less frequently IgA are often detected in the vessel wall by direct immunofl uores-
cence. An important fi nding to sustain the pathogenetic role of HCV in the onset of 
cutaneous vasculitis is the demonstration by immunohistochemistry of HCV-related 
proteins (though not  HCV RNA   genomic sequences) within the lumen of skin papil-
lary vessels, in vessel walls and in perivascular spaces. Specifi c HCV immunode-
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posits of both core and E2 proteins can also be detected  within   endothelial cells, the 
basal lamina, keratinocytes, and sometimes even in areas of normal skin [ 18 ,  19 ] 
(Fig.  29.2b ). 

 An immune complex mechanism underlies the renal involvement in CV patients 
and is clinically diagnosed as type I membrano-proliferative glomerulonephritis. 
Renal biopsies show marked lobular endocapillary proliferation, variable expansion 
of the mesangial matrix, and glomerular capillary wall thickening. More severe 
cases may progress to intravascular hyaline thrombi and necrotizing granulomatous 
vasculitis. Immunofl uorescence usually shows a granular staining of  the   glomerular 
basement membrane for IgM, IgG, C3 and in a lower percentage for  C1q   [ 20 ]. 
Tissue deposition of HCV-containing immune complexes is obviously suspected to 
account for the renal damage in CV patients. However, similarly to the situation of 
cutaneous vasculitis,  HCV RNA   genomic sequences have not been unequivocally 
demonstrated by immunohistochemistry [ 21 ]. 

 Peripheral neuropathy in patients with HCV-related CV may also be ascribed to 
vasculitis. Lymphocytic microvasculitis of small-size arteries is relatively frequent 
and usually associated with perivascular infi ltrates, marked depletion of myelinated 
fi bers and/or axonal degeneration. In a lower number of cases, necrotizing vasculitis 
can be diagnosed, based on transmural  fi brinoid necrosis   of the vessel walls, occlu-
sive microangiopathy of epineurial arteries and a rich polymorphonuclear infi ltra-
tion [ 22 ]. Electron microscopy often reveals abnormal deposits of proteinaceous 
material and widening of myelin lamellae in nerve biopsy samples [ 23 ]. HCV- 
induced chronic sensory neuropathy is likely related to vasculitis of the vasa nervo-
rum consequent to the deposition of HCV-related proteins along the vessel walls.  

  Fig. 29.2    In ( a ), a representative hematoxylin-eosin histological picture of a skin sample from 
HCV-related CV; in ( b ), specifi c immunodeposits of HCV core protein can be seen in skin papil-
lary blood vessels ( arrows )       
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29.5     Pathogenesis of HCV-Related CV 

 The pathogenetic mechanism(s) underlying the onset of CV is poorly defi ned. It can 
be hypothesized that, through  their   Toll-like receptors, dendritic cells (DC) are able 
to capture HCV particles and core protein, and release variable amounts of the cyto-
kine  B-cell activating factor (BAFF)   that belongs to the tumor necrosis factor-α 
family. V H 1-69 +  B1 cells and marginal zone B-cells are also able to capture HCV 
particles and core protein through the action of glycosaminoglycans, scavenger 
receptors, CD81 molecules as well as C1qR globular domain and B-cell receptors. 
As a consequence of their responsiveness  to   BAFF, clonally expanded B-cells syn-
thesize IgM molecules with RF activity, which bind HCV particles, thus resulting in 
the formation of cryoprecipitable multi-molecular immune complexes that, being 
good acceptors of C1q protein, can bind to the surface of C1qR- bearing   endothelial 
cells [ 24 ]. The specifi c binding of immune complexes to the globular domain of the 
C1qR may enhance the recruitment of neutrophils and other infl ammatory cells, and 
this would eventually trigger a  leukocytoclastic vasculitis (Fig.   29.3 ).  

29.6     HCV-Related B-Cell Clonal Expansion and Non- 
Hodgkin’s Lymphoma 

 An overwhelming literature consistently points to a signifi cant association between 
HCV infection and HCV-related CV on one side and the occurrence of  B-cell non- 
Hodgkin’s lymphoma (B-NHL)   on the other. It has been calculated that in Italy 1 of 

  Fig. 29.3    Hypothetical pathogenetic model of HCV-related cryoglobulinemic vasculitic       
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20 instances of B-NHL may be ascribed to HCV infection [ 25 ]. At 10 years from 
the initial diagnosis, the prevalence of B-NHL in chronically HCV-infected patients 
was signifi cantly higher in patients with than in those without MC (13 % vs.6.2 %; 
p = 0.003) [ 10 ]. As discussed by Zignego et al. [ 26 ], the same association has been 
confi rmed in studies from other countries, though with wide geographical 
variations.

   In subtype-specifi c analyses, marginal zone lymphoma, diffuse large B-cell lym-
phoma, and lymphoplasmacytic lymphoma, but not follicular lymphoma, appear to 
be more frequently associated to HCV infection [ 27 ]. 

 A hypothetical pathogenetic mechanism underlying the onset of HCV-related 
B-NHLs is a multi-step process depicted in Fig.  29.4 . E2 and NS3 proteins are able 
to stimulate the occurrence of a benign lympho-proliferative disorder, potentially 
susceptible of progression to a frank lymphoid malignancy through an impaired 
regulatory control of B-cell growth. Sequential genetic translocations and activation 
of proto-oncogenes are likely to be involved.

  Fig. 29.4    Schematic model of B-cell expansion in chronic HCV infection       
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29.7        Therapy of CV 

 The general therapeutic guidelines of CV have been the object of detailed reviews 
[ 13 ,  28 ,  29 ], and can be summarized as follows. 

  Corticosteroids (CS)   Low daily doses of CS (0.1–0.5 mg of prednisone/Kg of body 
weight) are recommended to prevent or control vasculitic fl ares and to mitigate 
arthralgias, but their long-term administration should be discouraged to avoid or 
reduce their well-known side effects. However, patients experiencing severe 
vasculitic fl ares can be treated with pulsed infusions of CS (up to 10 mg of 
prednisone/Kg of body weight)) to prevent renal and neurologic impairment [ 28 ].  

  Anti-viral Agents   Based on the discovery of HCV infection in virtually all MC 
patients, the combined treatment with once-weekly, pegylated interferon- α   (pIFN-α) 
plus the nucleoside antimetabolite  ribavirin   (RBV) has been considered the standard 
of care of patients with chronic hepatitis C, with or without MC. However, given 
that CV is a heterogeneous condition in terms of clinical course, viral load, HCV 
genotype, concomitant diseases and potential progression to NHL, it would be 
desirable to tailor the therapeutic regimen according to each patient’s condition 
[ 29 ]. At least in patients with mild to moderate disease severity and activity, clinical 
remission and sustained virologic response (SVR) rates have been found to range 
roughly from 45 % to 70 %, recurrences being however relatively frequent. The 
success rates are signifi cantly lower in MC-positive compared with MC-negative 
patients, indicating that cryoglobulinemia is an independent prognostic factor of 
non-response [ 30 ]. The addition of CS to IFN-α does not signifi cantly increase the 
rate of therapeutic response in CV patients [ 31 ].  

 The more recent introduction of direct-acting antiviral  agents   has dramatically 
increased the rates of viral eradication in MC-negative patients with chronic hepati-
tis C, thus making the previous standard of care totally outdated. These all-oral, 
fi rst-line treatment regimens, with the important limitation of their extremely high 
cost, have been able to induce SVR rates of approximately 90–95 % even in patients 
with diffi cult-to-treat genotypes and in those with decompensated liver cirrhosis 
[ 32 – 34 ]. The extension of these remarkably successful therapeutic advancements to 
patients with HCV-related CV is hopefully expected to result in roughly comparable 
therapeutic successes. 

  B-Cell-Depleting Therapy   Clonal expansion of IgM RF-producing B-cells in HCV-
positive patients with CV has been repeatedly shown in several studies [ 35 – 37 ], 
suggesting that the deletion of B-cell clonalities might be a targeted therapy. Two 
consecutive reports [ 38 ,  39 ] indeed showed that  rituximab   (RTX), a chimeric 
monoclonal antibody specifi cally directed against CD20 antigen, was able to induce 
a complete response of clinical and laboratory features in approximately 80 % of 
refractory and relapsing CV patients. These results have been confi rmed in additional 
studies, summarized in [ 13 ]. In one of them, patients were given for 1 year a triple-
drug regimen (pIFN-α plus RBV plus RTX) and were followed-up for 36-months. 
This regimen resulted in a higher rate of complete responses compared with the 
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results achieved in patients receiving pIFN-α plus RBV without RTX (54.5 % vs. 
33.3 %; p < 0.05), a dramatic depletion of B-cell clones and no increase in the viral 
load [ 40 ].  

  Therapy of CV Progression to B-NHL   A strong, although indirect support to the 
pathogenetic relationship between chronic HCV infection and a subset of NHLs 
came from the observation that 7 out of 9 (78 %) HCV-infected patients with splenic 
lymphoma with villous lymphocytes achieved SVR and complete tumor regression 
after treatment with IFN-α alone or associated to RBV [ 41 ]. In a multicenter Italian 
study Arcaini et al. [ 42 ], studying a cohort of 704 HCV-positive indolent B-NHLs, 
showed that 44 of the 100 patients treated with fi rst-line antiviral treatment achieved 
a complete remission and 33 a partial response of their NHLs. In parallel, HCV-
RNA clearance was achieved in 80 patients and was related to lymphoma response. 
Based on these and additional studies [ 43 – 45 ], it seems worth emphasizing that 
patients with HCV-related, indolent NHL are susceptible to achieve a high rate of 
tumor remission following  HCV RNA   clearance induced by direct-acting antiviral 
 agents  .  

 In HCV-positive patients with rapidly progressing, high-grade NHL histotypes, 
given the unlikeliness of hematologic response in step with eradication of HCV 
infection, the priority aim should be to restrain the tumor with the use of suitable 
chemotherapeutic regimens, with or without RTX, and assuring a close follow-up of 
these patients given the hepatic toxicity and the risk of hepatitis fl ares consequent to 
their administration [ 46 – 48 ]. The IFN-free, all-oral antiviral treatment would then 
be given as a second step, hopefully after remission of NHL. 

  Plasmapheresis   Therapeutic apheresis is a symptomatic procedure that, by removing 
circulating cryoglobulins and viral particles from plasma by means of extra-
corporeal circuits, may help control clinical symptoms, although no strictly 
controlled clinical studies have so far been published to unequivocally demonstrate 
its effectiveness. In the variant procedure called  double fi ltration plasmapheresis  , 
plasma is initially separated from the cellular blood components, and is then 
processed by a fi ltration system that allows harmful molecules to be selectively 
removed. The membrane permeable components are then returned to the patient. In 
our experience,  double fi ltration plasmapheresis   can signifi cantly contribute to the 
improvement and often the healing of chronic, indolent ulcers of the legs in CV 
patients [ 49 ].      
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    Chapter 30   
 Vasculitis in Connective Tissue Diseases                     

     Patrizia     Leone    ,     Sebastiano     Cicco    ,     Angelo     Vacca    ,     Franco     Dammacco    , 
and     Vito     Racanelli    

    Abstract     Vasculitis is a recurrent complication of connective tissue diseases. It is 
often an under-recognized manifestation that can lead to signifi cant morbidity and 
mortality due to vital organ damage. Cutaneous lesions, representing small-vessel 
vasculitis, dominate clinical presentation, although widespread necrotizing visceral 
medium- and large-vessel involvement, mimicking primary vasculitic syndromes, 
may also occur. The pathogenesis of vascular infl ammation is not completely under-
stood, but immune complexes are believed to play a crucial role. The diagnosis is 
usually based on the combination of clinical fi ndings, laboratory testing, tissue 
biopsy and imaging of the involved blood vessels. Timely and aggressive pulse 
treatment with high dose of glucocorticosteroids and immunosuppressive agents, 
followed by gradual tapering, can signifi cantly improve patients’ survival.  

30.1       Introduction 

 Connective tissue diseases  including   systemic lupus erythematosus (SLE), rheuma-
toid arthritis (RA), systemic sclerosis, polymyositis, dermatomyositis, Sjögren’s 
syndrome and mixed connective tissue disease can be associated to vasculitis, the 
most common type being small-vessel venulitis involving the skin. Conventionally, 
vasculitides associated to connective tissue diseases are identifi ed with the word 
‘vasculitis’ preceded by a prefi x that indicates the specifi c disease (e.g.,  rheumatoid 
vasculitis  ). Given their higher frequency, this chapter will be restricted to  lupus 
vasculitis   and  rheumatoid vasculitis  , that can complicate the clinical picture and 
dramatically infl uence the course of the corresponding diseases.  
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30.2      Lupus Vasculitis   (LV) 

 LV is an infl ammatory disorder of small- and medium-sized vessels that affects 
patients with  SLE  . Only a few studies retrievable from the literature are focused on 
LV, given that it is diffi cult to isolate its clinical manifestations from those of the 
general disease in terms of pathogenesis and response to treatment. In particular, 
 SLE   vascular lesions (commonly known as lupus vasculopathy) may be induced not 
only by immune complex deposition on the vessel wall, but also by  thrombotic 
microangiopathy   related to  antiphospholipid syndrome   and by enhanced atheroscle-
rosis resulting from  SLE  -associated pro-infl ammatory cytokines and steroid 
treatment. 

 It is now recognized that the pathogenesis of  SLE   depends on genetic and envi-
ronmental factors that promote abnormal innate and adaptive immune responses. 
These responses result in the generation of autoreactive T and B cells [ 1 – 3 ], 
enhanced ability of T cells to help B cells, production of pathogenic autoantibodies, 
and formation of immune complexes that deposit in tissues, activate complement, 
cause infl ammation, and over time lead to irreversible organ damage [ 4 ]. Although 
the large majority of autoantibodies bind nuclear antigens (DNA, RNA, and nuclear 
proteins), additional antibodies bind cell membrane antigens, plasma proteins, and 
extra-cellular matrix antigens. Among these,    anti-endothelial cell antibodies 
(AECA) seem to play a direct role in the onset of vasculitis by  causing   endothelial 
cell activation, production of tissue factors and cytotoxicity.    AECA have been 
detected in up to 80 % of  SLE   patients and in several pathological conditions having 
in common their association with vasculitis [ 5 ]. 

 Vasculitis may occur in approximately 50 % of  SLE   patients [ 6 ,  7 ] with a wide 
variety of clinical manifestations, dependending on the size of the affected vessels 
(capillaries, arteries, veins) and the sites involved (skin or internal organs). The 
prognosis may range from mild to life-threatening. The skin is the most commonly 
affected site, being involved in over 80 % of  SLE   vasculitis lesions [ 6 ,  7 ]. Kidney, 
gastrointestinal tract, nervous system (central and peripheral), lung and heart can be 
involved with lower frequency [ 7 ]. Drenkard et al. [ 6 ] observed that, in a cohort of 
540 patients with  SLE  , 194 had vasculitis (35.9 %) which was cutaneous in 160 
patients (82.5 %), visceral in 24 (12.4 %) and combined cutaneous plus visceral in 
10 (5.1 %). Ramos-Casals et al. [ 7 ], studying a cohort of 670  SLE   patients, were 
able to diagnose vasculitis in 76 of them (11.3 %). Cutaneous lesions were largely 
prevalent, occurring in 68 patients (89.4 %), whereas isolated visceral vasculitis was 
found in the remaining eight patients (10.5 %), mainly involving peripheral nerves 
and kidneys. 

30.2.1     Skin Vasculitis 

 Clinical features of skin small vessel  vasculitis   include  palpable purpura  , urticaria, 
petechiae, papulo-nodular lesions, erythematous plaques or macules,  panniculitis  , 
 livedo reticularis  , cutaneous infarction, and superfi cial ulcerations [ 6 ,  7 ] (Fig.  30.1a, 
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b ). Medium vessels vasculitis is less frequent and appears as subcutaneous nodules 
or ischemic ulcers. Lesions of different types may occur simultaneously or in the 
course of subsequent  SLE   fl ares.

30.2.2        Nervous System Vasculitis 

 Nervous system vasculitis usually affects small or medium-sized vessels, causing nerve 
infarction and stroke [ 8 ]. Large vessel involvement is rare but can be catastrophic and 
associated with high mortality [ 9 ]. The most common clinical manifestation is  mono-
neuritis multiplex  . In Drenkard’s  SLE   patient cohort,  mononeuritis multiplex   was diag-
nosed in 19 out of 24 patients (79.1 %) with visceral vasculitis [ 6 ]. It results from 
necrotizing or  occlusive vasculitis   of the vasa nervorum, causing axonal degeneration. 
The clinical features include painful, asymmetrical, progressive, asynchronous sensory 
and motor peripheral neuropathy involving at least two separate nerve areas [ 10 ]. 

  Fig. 30.1    Vasculitic skin 
lesions in systemic lupus 
erythematosus. Poorly 
healing ulcerations of the 
face ( a ) and low extremity 
( b ) of a 62-year-old female 
patient       
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 Neuropsychiatric manifestations are reported with a prevalence widely ranging 
from 14 to 75 % and include depression, psychosis, anxiety, mood disorders, cogni-
tive dysfunction, memory defi cit, delirium, and acute confusional states. These syn-
dromes can occur singly or in combination, and can present at any point during the 
course of the disease [ 11 ]. Anti-neuronal antibodies, anti-ribosomal P antibodies 
and anti-DNA antibodies that cross-react with the  N-methyl-D aspartate receptor   
have been frequently detected [ 12 ].  

30.2.3     Kidney Vasculitis 

 The hallmark of renal involvement is a small vessel  vasculitis   affecting the renal 
glomeruli (glomerulonephritis) [ 13 ]. Vascular and tubulo-interstitial lesions are less 
frequent [ 14 ]. The serology of lupus nephritis is characterized by the production  of 
  anti-double stranded (ds)DNA antibodies in addition to immune complex deposi-
tion and complement activation. The anti-dsDNA antibodies have a direct impact on 
infl ammatory and fi brotic processes in resident renal cells and various glomerular 
components [ 15 ]. Depending on the site of immunoglobulin accumulation, their 
antigen specifi city, their capacity to activate complement and to trigger an infl am-
matory response, it is possible to distinguish three different glomerular patterns of 
injury: mesangial, endothelial and epithelial [ 16 ,  17 ]. In several patients these dif-
ferent patterns can coexist, leading to a more complex clinical expression of kidney 
vasculitis.  

30.2.4     Pulmonary Vasculitis 

 Pulmonary vasculitis usually involves small or medium-sized vessels.  Pulmonary 
capillaritis   with diffuse alveolar hemorrhage is the most common manifestation and 
it often coexists with lupus nephritis [ 18 – 20 ]. Clinical symptoms include fever, dys-
pnea, cough, pulmonary infi ltrates and hypoxemia. Over time, most  SLE   patients 
progress to pulmonary arterial hypertension associated with Raynaud’s syndrome, 
serositis, digital vasculitis and anti-phospholipid syndrome [ 21 ].  

30.2.5     Gastrointestinal Vasculitis 

 The most common lupus manifestation in the gastrointestinal tract is  mesenteric 
vasculitis   [ 22 ]. It causes acute abdominal pain, nausea, vomiting, diarrhea, melena, 
hematemesis and bloating [ 23 ]. Severe, occlusive damage often leads to ischemia 
that may result in ulceration and perforation, with mortality rates up to 50 % [ 22 , 
 24 ]. Abdominal computed tomography (CT) is the most useful diagnostic tool, 
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given that it allows to visualize both the bowel wall and the abdominal vasculature. 
It usually shows dilated bowel, focal or diffuse bowel wall thickening and enhance-
ment (target sign), mesenteric edema, stenosis or engorgement of mesenteric ves-
sels (comb sign), and ascites. 

 Pancreatic vasculitis is rare and often fatal. Vascular damage consists of severe 
intimal proliferation in the pancreatic vessels, necrotizing vasculitis and occlusion 
of arteries and arterioles by thrombi. It usually results in SLE-associated acute pan-
creatitis whose most frequent symptom is severe abdominal pain [ 25 ].  

30.2.6     Cardiac Involvement and Coronary Vasculitis 

 Vasculitis of  the   coronary arteries is a rare condition associated with a high preva-
lence of myocardial infarction [ 26 ]. It has been calculated that the overall risk of 
myocardial infarction in  SLE   patients is ten-fold higher than in the general popula-
tion, because of an ‘accelerated atherosclerosis’ due to complex interactions 
between dysfunctional immune regulation, infl ammation, traditional cardiac risk 
factors and treatment of the underlying autoimmune disease [ 27 ]. Angiographically, 
it manifests as a coronary  aneurysm   or arteritis, sometimes occurring in the absence 
of clinical  SLE   fl are and with minimal serologic evidence of disease activity [ 28 ].  

30.2.7     Laboratory Findings 

 Enzyme-linked immunosorbent assay (ELISA) and immunofl uorescence are the 
main laboratory tests used to detect circulating anti-nuclear antibodies (ANA). 
ANA and anti-dsDNA antibodies have been associated with the formation of 
immune complexes and vasculitis. Among non-nuclear autoantibodies, the follow-
ing main associations can be detected with variable frequency: (a)    AECA with vas-
culitis and lupus nephritis; (b)    rheumatoid factor with cutaneous vasculitis; (c) 
   anti-neutrophil cytoplasmic autoantibodies (ANCA), usually perinuclear, with pul-
monary and renal vasculitis; (d) anti-neuronal antibodies, anti-ribosomal P antibod-
ies and anti-dsDNA antibodies that cross-react with the  N-methyl-D aspartate 
receptor   with nervous system vasculitis.  

30.2.8     Histological Findings 

 Biopsy showing disruption or destruction of the vessel wall with infl ammatory cell 
infi ltrates is the gold standard for the diagnosis of vasculitis. The conventional 
assessment of formalin-fi xed paraffi n-embedded tissues is often accompanied by 
immunofl uorescence staining which reveals the vessel deposition of immunoglobu-
lins and complement.  

30 Vasculitis in Connective Tissue Diseases



350

30.2.9     In Vivo Imaging 

 Imaging studies may be useful in the diagnosis of LV. Pertinent examples are 
abdominal ultrasonography and CT in patients with  mesenteric vasculitis  ; x-rays 
and CT scans when pulmonary vasculitis is suspected; cardiac CT and coronary 
 angiography   to demonstrate  SLE   coronary arteritis;    magnetic resonance imaging 
(MRI) and  angiography   to support the diagnosis of nervous system vasculitis.  

30.2.10     Treatment 

 Before undergoing therapy, each patient must be carefully studied in order to estab-
lish whether the fi nal diagnosis is vasculopathy, where there is with no evidence of 
underlying infl ammation, or true vasculitis because the former requires anticlotting 
therapy rather than immunosuppression. 

 Treatment of LV is obviously dependent on the degree and severity of the vascu-
litis process. While patients with acute manifestations of skin vasculitis are given 
oral prednisone (0.5–1 mg/kg/body weight) with subsequent tapering, those with 
chronic cutaneous involvement are usually treated with antimalarial agents 
( hydroxychloroquine   200 mg twice daily) and/or with  azathioprine   (100 mg/day), 
and/or mycophenolate  mofetil   (0.5–1 g twice daily) [ 29 ]. When the kidney or other 
parenchymal organs are affected, treatment usually includes pulsed intravenous 
infusions of methylprednisolone (1 g/m 2 /day for 3 days) followed by gradual taper-
ing, monthly intravenous or daily oral  cyclophosphamide   for 6 months, and long- 
term immunosuppression with oral mycophenolate  mofetil   (up to 1.5 g twice daily) 
[ 30 ]. High-dose prednisone combined with intravenous pulse or oral daily  cyclo-
phosphamide   are also used for the treatment of nervous system vasculitis [ 31 ,  32 ].   

30.3      Rheumatoid Vasculitis   (RV) 

 RA, a chronic multisystem disease characterized by a symmetric, peripheral polyar-
thritis, can cause infl ammation of vessels of different size. Involvement of small 
vessels is usually associated with active arthritis, whereas involvement of medium- 
sized vessels may occur even when joint disease is quiescent. 

 Genetic predisposition along with environmental factors may trigger the devel-
opment of RA, with subsequent synovial T cell activation. Although the pathoge-
netic mechanisms remain unknown, immune complexes are believed to play a key 
role in RV. 

 Similarly to LV, most of the data concerning RV are somehow extrapolated from 
more general studies on RA. The majority of patients with RV have high titers  of 
  rheumatoid factor (RF) [ 33 ,  34 ] as well as anti-citrullinated peptide antibodies 
(ACPA) [ 35 ],    AECA [ 36 ], anti-C1q antibodies [ 37 ], and anti-glucose-6-phosphate 
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isomerase antibodies [ 38 ]. A case-control study, carried out in 69 RV patients and 
138 control RA patients without RV, has highlighted the association between RV 
and the presence of increased RF levels [ 39 ]. 

 Genetic factors that predispose to the onset of RA include the  HLA-DRB1   locus 
and, more specifi cally, those alleles with a conserved aminoacid sequence in the 
third hypervariable region of the molecule, termed the shared epitopes [ 40 ]. A meta- 
analysis revealed a close relationship between RV and three specifi c genotypes of 
the HLA-DRB1 shared epitope *0401/*0401, *0401/*0404, and *0101/*0401 [ 40 ]. 
In 2006, a study from the Mayo Clinic also described a positive association of HLA- 
C3 with RV that was independent of linkage disequilibrium with  HLA-DRB1   [ 41 ]. 
Additional risk predictors of RV include smoking, long-standing seropositive nodu-
lar erosive disease and male sex [ 39 ]. 

 RV has a wide range of clinical manifestations and may involve virtually any 
organ of the body. The most common sites of involvement are skin and peripheral 
nerves (approximately 90 % and 40 % of patients, respectively [ 42 ,  43 ]), followed 
by eye and heart. Less frequently, RV may affect central nervous system, kidney, 
lung and gastrointestinal system [ 42 – 44 ]. 

30.3.1     Skin 

 Digital, often periungueal lesions, petechiae, purpura, ulcers and gangrene are the 
most common cutaneous manifestations [ 42 ,  45 ]. Isolated digital lesions include 
micro-infarctions (<1 mm), occurring or not in association with other clinical mani-
festations of systemic vasculitis. They tipically follow a benign course and do not 
require further treatment in addition to that for RA itself [ 45 ,  46 ]. Petechiae and 
purpura mostly develop on the lower extremities [ 47 ]. Leg ulcers (Fig.  30.2 ) are 
painful and frequently follow trivial trauma; they tend to be found on the lower 
extremities or dorsum of the feet, ankles and the upper calves [ 48 – 50 ]. Ulcers of the 
digital tips of the fi ngers and toes often evolve to gangrene [ 48 ].

30.3.2        Peripheral Nerves 

  Mononeuritis multiplex   and distal symmetric sensory or sensory-motor neuropathy 
are typical peripheral nervous system manifestations [ 42 ,  45 ,  51 ].  Mononeuritis 
multiplex   generally causes foot or wrist drop and, when identifi ed in a patient with 
long-standing RA, it can be considered diagnostic of RV. Vasculitis-mediated axo-
nal degeneration and demyelinization may also result in milder, symmetric sensory- 
motor neuropathy of the lower extremities characterized by paresthesias, numbness, 
burning pain and occasionally mild motor defi cits.  
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30.3.3     Central Nervous System 

 Seizures [ 52 ], neuropsychiatric symptoms [ 53 ], confusional state [ 54 ], hemiparesis 
[ 55 ,  56 ], dementia and blindness [ 57 ] are the relevant clinical manifestations of the 
rare involvement of the central nervous system in RV patients. This involvement is 
associated with high morbidity and, in some cases, can be life-threatening.  

30.3.4     Heart 

 Coronary arteritis causing myocardial infarction and aneurysms, pericarditis and 
 aortitis   are usually diagnosed at post-mortem in RA patients [ 58 ,  59 ]. Most of these 
vasculitic lesions are silent during the patient’s life and are thus seldom diagnosed. 
Moreover, RA patients are predisposed to ‘accelerated atherosclerosis’ and it is very 
diffi cult to distinguish between atherosclerotic cardiovascular disease and systemic 
vasculitis as the actual cause of cardiac manifestations.  

30.3.5     Kidneys 

 Renal involvement includes chronic renal impairment, proteinuria, microscopic 
hematuria and increased serum creatinine levels, and is reported in approximately 
one quarter of patients with systemic RV [ 44 ]. A focal  segmental   necrotizing 

  Fig. 30.2     Rheumatoid 
vasculitis   presenting as 
cutaneous infarctions of 
the lower limb in a 
66-year-old female patient       
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glomerulonephritis, that is typical of vasculitic glomerulonephritis, develops rarely 
[ 60 ].  

30.3.6     Eyes 

 Scleritis and keratitis affect approximately 16 % of RV patients [ 44 ]. The most 
severe ocular manifestation is peripheral  ulcerative keratitis   or ‘corneal melt’, char-
acterized by infl ammation of the limbal part of the cornea and adjacent sclera, col-
lagen destruction, cellular infi ltration and limbal vascular changes that may lead to 
corneal perforation and blindness. Severe pain, foreign body sensation and photo-
phobia are the main symptoms [ 42 ,  61 ,  62 ]. Given that peripheral  ulcerative kerati-
tis   frequently precedes systemic vasculitis, early and aggressive treatment is 
required to prevent visual loss and a mortality rate up to 30 %.  

30.3.7     Lungs 

 Diffuse alveolar hemorrhage presenting with dyspnea, cough and hemoptysis char-
acterize the pulmonary involvement in RV patients. Lung biopsy shows necrotizing 
 pulmonary capillaritis   with acute and chronic alveolar hemorrhage and immune 
complex deposition [ 63 ].  

30.3.8     Gastrointestinal System 

 Small- and large-bowel infarction [ 64 ], appendicitis [ 65 ], intra-hepatic hemorrhage 
[ 66 ], intra-abdominal hemorrhage from ruptured mesenteric aneurysms [ 67 ] and 
pancreatitis [ 68 ] have been reported in approximately 10 % of RV patients [ 44 ].  

30.3.9     Systemic Manifestations 

 Systemic manifestations of RV including weight loss, hepatomegaly, splenomegaly 
and less commonly fever have been recorded in about 80 % of patients [ 42 ,  44 ]. 
Because these symptoms are non-specifi c and can resemble those of other autoim-
mune diseases, the diagnosis of RV must be supported by biopsy-confi rmed acute 
 necrotizing arteritis   [ 42 ,  44 ].  
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30.3.10     Laboratory Findings 

 Laboratory tests in RV are of relatively low diagnostic value, although they are often 
useful to rule out other conditions such as ANCA-associated vasculitis, HCV-related 
cryoglobulinemia, HIV-associated vasculitis and Sjögren syndrome. Nevertheless, 
abnormalities of several serological markers, including anemia, C-reactive protein, 
erythrocyte sedimentation rate and hypoalbuminemia have been reported in RV 
patients [ 42 ]. Midium-to-high titers of RF and ACPA are strongly associated with the 
presence of RV [ 39 ,  41 ]. However, in a study carried out in a cohort of 81 patients 
with suspected RV it was found that only the combination of increased IgA RF levels 
and decreased C3 level was useful to support histologically-proven RV [ 69 ].  

30.3.11     Histological Findings 

 The histological examination of a biopsy specimen from affected organ(s), character-
ized by the presence of an infl ammatory infi ltrate associated with destruction of the 
vessel wall, is essential to support the diagnosis of RV. Occasionally, the so- called 
‘blind biopsies’ from clinically uninvolved sites such as muscle [ 70 ], rectum [ 71 ] or 
labial salivary gland samples [ 72 ] may be a potential, useful tool for the diagnosis. 
Perivascular infi ltration of ≥ three cell layers in a muscle biopsy specimen is a highly 
specifi c and sensitive test to differentiate RV from RA without vasculitis [ 70 ].  

30.3.12     Electromyography and In Vivo Imaging 

 Electromyography is used to assess the type and extent of neuropathic involvement. 
An electrophysiological evaluation of peripheral nerves can help direct appropriate 
nerve and/or muscle biopsy.  Angiography   may be helpful to evaluate  mesenteric 
vasculitis   or medium vessel  vasculitis   affecting the extremities.  

30.3.13     Treatment 

 Patients with mild to moderate RV involving the skin and/or the peripheral nerves 
can be treated with prednisone (0.5–1.5 mg/day) and  methotrexate   (10–25 mg/
week) or  azathioprine   (50–150 mg/day). Patients with severe RV and multi-organ 
involvement require a more aggressive therapy with high doses of steroids and 
 cyclophosphamide   [ 73 ,  74 ]. Because of the marked toxicity of  cyclophosphamide  , 
there is a need for alternative therapies. Clinical evidence based on case reports and 
case series supports the use of biological agents such as anti-tumor necrosis factor 
(TNF) alpha antibodies [ 75 – 79 ] and the anti-B-cell monoclonal antibody  rituximab   
[ 80 – 83 ]. However, the role of anti-TNF therapy in RV is doubtful, given that the 
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development of vasculitis has been reported following the administration of anti- 
TNF antibodies [ 84 – 88 ]. On the contrary,  rituximab   is emerging as an effective 
treatment to achieve remission in RV, resulting in a signifi cant decrease in the daily 
dose of prednisone and an acceptable toxicity profi le [ 80 – 83 ], although mainte-
nance therapy is possibly required. 

 Defi nite conclusions as to the choice of the best treatment for RV cannot be 
drawn given the small sample sizes consequent to its relative rarity, the heterogene-
ity of the clinical manifestations and the highly variable clinical response. Our 
approach to the management of RV, based on its severity and the occurrence of 
extra-articular manifestations, is synthesized in a fl ow-chart (Fig.  30.3 ).

Patient with Rheumatoid Arthritis

Rheumatoid Vasculitis ?

Constitutional symptoms (fever, weight loss)
Persistently elevated acute-phase markers (ESR, CRP)
Skin lesions/purpura

Biopsy
Skin or other organs

Not feasible

strongly suspected weakly suspected Watch and
Wait

Exclude mimics
+

Strong clinical suspicion of RVCharacteristic histopathology

RV severity
Consider also other extra-articular manifestations (EAMs)

Mild-to-moderate RV
Limited disease and 0–1 EAMs

Severe RV
Multi-organ/system and ≥2 EAMs

Refractory

GC + DMARDs 
20–40 mg/day prednisone equivalent +

MTX 10–25 mg/week or AZA 2 mg/kg/day
or CYS 3-5 mg/kg/day

MTX/AZA/CYS/MoAb

Maintenance therapy

•Rituximab if not used previously
•Switching to alternate anti-TNF agent 
•Tocilizumab or abatacept or anakinra
•Increase DMARDs if needed

Increase treatment

Refractory/ mild relapse

Severe relapse
Disease reassessment

Responders

Induction therapy

GC 40–80 mg/day prednisone equivalent
± IV pulse GC 0.5–1 g/day for 3 days

+
CYP (daily oral)/ MoAb(RTX or anti-TNF Ab)

Induction therapy

Normocytic anemia, leukocytosis/thrombocytosis
end organ dysfunction

  Fig. 30.3    Management of  rheumatoid vasculitis  .  AZA   azathioprine  ,  EAMs  extra-articular mani-
festations,  CYP   cyclophosphamide  ,  CYS  cyclosporine,  DMARDs  disease-modifying antirheumatic 
 drugs  ,   GC    glucocorticoids,  IV  intravenous,  MoAb  monoclonal antibody,  MTX   methotrexate  ,  RA  
rheumatoid arthritis,  RTX   rituximab  ,  RV   rheumatoid vasculitis         
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    Chapter 31   
 Buerger’s Disease (Thromboangiitis 
Obliterans)                     

     Masayuki     Sugimoto     and     Kimihio     Komori    

    Abstract     Buerger’s disease (also known as thromboangiitis obliterans) is a non- 
atherosclerotic, infl ammatory, segmental peripheral vascular occlusive disease that 
typically affects young male smokers. The patients typically present with ischemic 
symptoms caused by stenosis or occlusion of the distal small arteries. Superfi cial 
thrombophlebitis often occurs, which is migratory and frequently correlates with 
disease activity. The disease escalates usually at the age of 30–40 years and thereaf-
ter symptoms diminish. This disease had been more frequently reported in the 
Mediterranean, Middle East, and Far East Asia, but the number of patients is 
decreasing. 

 There are two characteristic histopathological fi ndings. One is that infl ammatory 
infi ltrating cells are well recognized, predominantly in the thrombi and the intima. 
The other is that the internal elastic lamina and all layers of the vessel wall struc-
tures are well preserved. Buerger’s disease is distinguishable from atherosclerosis 
and other vasculitides by this characteristic preserved elastic lamina. There are sev-
eral clinical diagnostic criteria for Buerger’s disease, which mostly require a com-
patible history, supportive physical fi ndings, diagnostic vascular abnormalities on 
imaging studies, and current or past smoking. 

 The etiology of Buerger’s disease still remains to be elucidated and no therapeu-
tic guidelines exist. However, smoking clearly associates with its exacerbation and 
remission. Absolute smoking cessation is the one and only defi nitive therapy for 
Buerger’s disease. 

 The fate of ischemic limb in Buerger’s disease is not so poor compared to that in 
atherosclerotic disease, provided that the patients maintain smoking cessation. As 
for the life expectancy, long-term survival is generally considered not to be affected 
by Buerger’s disease, due to the rare involvement of cerebral, coronary, and visceral 
arteries.  
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31.1       History 

   The fi rst case report  of    Buerger’s disease   was published in 1878 by Winiwarter at 
the University Clinic of Vienna. He reported a case of a 57-year-old man who 
underwent a below-the-knee amputation as a consequence of right foot gangrene 
[ 52 ].

         In Tokyo, Haga reported clinical features of 10 cases and pathological fi ndings 
of 13 specimens in 1889, and 9 years later, he contributed a paper with additional 
cases of spontaneous gangrene [ 10 ,  11 ]. 

 Thereafter, in 1908, Leo Buerger, at Mount Sinai Hospital in New York, described 
a noteworthy disease of young individuals under the age of 40 years, in whom there 
were symptoms and signs of progressive and recurrent vascular insuffi ciency. 
Buerger named this disease “ thromboangiitis obliterans”  and distinguished it from 
atherosclerosis [ 2 ]. Currently, Buerger’s disease is recognized as being a specifi c 
vascular disease based on a typical clinical picture, natural history, and 
histopathology.  

31.2     Epidemiology 

31.2.1     Patient’s Demographics 

 According to the clinical literature, Buerger’s disease is more frequently reported in 
the Mediterranean, Middle East, and Far East Asia than in Western Europe and 
North America [ 27 ]. Its incidence is highest among natives of India, Japan, Korea, 
Ceylon, and Ashkenazi Jews [ 39 ]. However, the possibility that this difference 
results from the heterogeneity of diagnostic criteria cannot be excluded. Furthermore, 
the high prevalence in some areas has been attributed to the use of specifi c tobacco 
types, including home-grown Kawung cigarettes in Indonesia and raw tobacco 
“beedi” cigarettes in Ceylon and Bangladesh. 

 Since 1950s, the numbers of new Buerger’s disease patients have decreased in 
Western countries [ 51 ]. Whether this decline is true or only due to the application of 
more strict diagnostic criteria with the resultant exclusion of patients with prema-
ture atherosclerosis is unclear. However, the prevalence of Buerger’s disease is 
decreasing even in Japan, formerly known as a high prevalence country [ 30 ]. 

 On the other hand, the prevalence of the disease is increasing among women. 
This is likely due to the increase of smoking among women [ 34 ,  53 ]. Whilst 
Buerger’s disease is becoming a relatively rare peripheral arterial disease, recent 
emerging cases of so-called “ cannabis-associated arteritis  ” are categorized as a sub- 
type of Buerger’s disease by some researchers, prompting further investigation of 
Buerger’s disease [ 5 ,  8 ].  
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31.2.2     HLA-Type 

 A correlation between several human lymphocyte antigen (HLA) subtypes (A9, B5, 
A1, B8, and DR4) and a higher incidence of Buerger’s disease has been reported by 
several researchers [ 9 ,  32 ,  48 ]. Conversely, it has also been suggested that HLA- 
B12 antigen may be associated with disease resistance [ 4 ]. However, these fi ndings 
are still controversial [ 33 ].   

31.3     Clinical Presentation 

 Patients with Buerger’s disease typically present with ischemic symptoms caused 
by stenosis or occlusion of the distal small arteries and veins. Intermittent claudica-
tion of the feet, legs, hands, and arms are typical symptoms. Critical ischemic symp-
toms, such as rest pain, ulceration, and gangrene, are also frequently observed at the 
initial presentation. Involvement of both the upper and lower extremities and the 
size and location of affected vessels help distinguish Buerger’s disease from athero-
sclerosis. In most reports, isolated lower extremity involvement is present in 
approximately 50 % of patients, 30–40 % exhibit both lower and upper extremity 
ischemia, and in 10 % the signs and symptoms are confi ned to the upper extremity. 

 Although Buerger’s disease most commonly affects the vessels in the upper and 
lower extremities, there are several sporadic reports of involvement of cerebral 
arteries, coronary arteries, visceral arteries, and pulmonary arteries. Notwithstanding 
that symptoms may begin in the peripheral portion of a single limb, Buerger’s dis-
ease frequently involves multiple extremities. In the Shionoya’s series, all patients 
with Buerger’s disease had more than one limb involved. Two limbs were affected 
in 16 % of the patients, three limbs in 41 %, and four limbs in 43 %. Even in the 
patients in whom only one limb is clinically symptomatic, it is often the case that 
abnormal angiographic fi ndings are already present in other limbs [ 46 ]. 

 Superfi cial thrombophlebitis, which is migratory and frequently correlates with 
disease activity, occurs in approximately 40 % of the patients. Sometimes, this 
thrombophlebitis may appear in advance of ischemic symptoms caused by arterial 
occlusion, and is relatively specifi c to Buerger’s disease. Nevertheless, it can be 
observed also in Behcet’s disease. Raynaud’s phenomenon is present in approxi-
mately 40 % of the patients and is possibly asymmetrical.  

31.4     Etiology 

 In spite of the research carried out by our predecessors, the etiology of the disease 
remains unknown. However, there are important specifi c features of Buerger’s dis-
ease that distinguish it from atherosclerotic obliterans (ASO) and other types of 
vasculitides. 
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31.4.1     Hypothetical Etiology of Buerger’s Disease 

 Despite signifi cant evidence that infl ammation and autoimmunity play a central 
role, the precise pathogenic mechanism underlying Buerger’s disease has not been 
determined yet. The inciting antigen still remains unknown. 

 Smoking, infection, nutritional defi cits, or general autoimmunity may be respon-
sible for the pathogenesis of Buerger’s disease [ 6 ,  20 ,  41 ]. 

 Some researches suggest that Buerger’s disease could be a form of  endarteritis   
from the viewpoint of the endothelial function. In patients with Buerger’s disease, 
endothelium-dependent vaso-relaxation in the peripheral vasculature is impaired. 
On the other hand, non-endothelium-dependent mechanisms are intact [ 26 ]. 

    Endothelial cells may play an important role in the initiation and maintenance of 
the infl ammatory response. Increased expression of adhesive molecules, such as 
VCAM- 1  , ICAM- 1   and  selectin  , on the surface  of   endothelial cells from patients 
with Buerger’s disease has been described [ 12 ,  19 ,  24 ]. 

 Recently, oral bacteria, such as periodontal bacteria, were reported to play an 
important role in the development of various vascular diseases [ 3 ,  18 ]. Especially in 
Buerger’s disease, the relation between periodontal bacteria and platelet aggrega-
tion was discussed. Iwai and colleagues reported that almost two thirds of their 
patients with Buerger’s disease had severe periodontitis, and that the DNA frag-
ments of oral microorganisms were detected in the vascular lesions of Buerger’s 
disease patients [ 16 ]. Conclusively, they have hypothesized that oral bacterial infec-
tions are one of the etiologies for Buerger’s disease, suggesting that smoking cessa-
tion might be essential for the remission of Buerger’s disease through the 
improvement of oral conditions [ 13 ,  17 ].  

31.4.2     Histopathological Features 

 Regarding the histopathological features, Buerger described the lesions as being 
acute and chronic, segmental, with intense infl ammatory infi ltrate. He believed that 
the original pathologic process was thromboarteritis or a thrombophlebitic process, 
rather than a proliferative or obliterating process derived from the intima of the 
arteries and veins.  

31.4.3     Phases of the Disease 

 Histologically, the disease is subdivided into 3 stages: acute, subacute, and chronic 
stages and the histopathological fi ndings fl uctuate according to the phases of the 
disease [ 46 ] (Fig.  31.1 ). 

 In a typical  acute-stage lesion , the lumen is occluded by fresh thrombi and inti-
mal thickness with remarkable leukocyte, including neutrophil, infi ltration. 
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 Multinucleated giant cells   are seen in the thrombi, but necrotizing infl ammation or 
granulomatous lesions are not observed. There have been investigators who studied 
the acute phase. They observed panvasculitis within small and medium-sized arter-
ies and veins [ 25 ,  40 ]. The intense infl ammatory infi ltration and cellular prolifera-
tion are specifi c of the acute-stage lesion. Decreased fi brinolytic activity of the 
intima may also contribute to thrombus formation [ 50 ]. 

 In the  subacute stage , the lumen is occluded by fresh and organized thrombus 
with partial recanalization.  Multinucleated giant cells   are diminished in number in 
thrombi or vessel walls. Infl ammatory infi ltrating cells such as CD3+ pan-T cells, 
CD4+ helper-inducer cells, and CD20+ pan-B cells respond to the  elastic lamina   of 
the affected vessels in the subacute phase [ 22 ,  24 ]. 

 In the  chronic stage , the occlusive thrombi are organized and recanalized exten-
sively, different from the acute or subacute stage lesions. Mild cell infi ltration is 
seen in the intima, media, and adventitia. Prominent vascularization of the media 
and perivascular fi brosis characterize the chronic phase.  

  Fig. 31.1    Histological fi ndings of acute ( a ,  b : popliteal artery) and chronic stage ( c : anterior tibial 
artery) lesions. In the acute-stage lesion, fresh and organized thrombi are seen. Remarkable infl am-
matory cell infi ltration is observed in the thrombus and intima. In the chronic stage, the lumen is 
occluded by organized thrombi with recanalized vessels. Infl ammatory cell infi ltration can scarcely 
be seen. Note that in the acute stage, the internal  elastic lamina   ( arrows  and  arrowheads ) is almost 
intact. Whereas, in cases of atherosclerosis ( d ,  e : the superfi cial femoral artery), fi bro-intimal pro-
liferation and hyaline degeneration are seen and cell infi ltration is barely observed in any of the 3 
layers. The internal  elastic lamina   and elastic fi bers are severely disrupted and fragmented ( a ,  b ,  d : 
H&E stain, C, E: elastica-van Gieson stain).  A  adventitia,  M  media,  I  intima,  T  thrombus (Kobayashi 
et al. 2014)       
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31.4.4     Pathologic Findings 

 As Leo Buerger stated in his report, there are 2 consistent pathologic fi ndings 
regardless of its stage. One is that infl ammatory infi ltrating cells are well recog-
nized, predominantly in the thrombi and the intima. The other is that the internal 
 elastic lamina   and all 3 layers of the vessel wall are well preserved. Buerger’s dis-
ease is distinguishable from atherosclerosis and other vasculitides by this character-
istically preserved  elastic lamina  . No calcifi cation or hyaline degeneration is found 
in Buerger’s disease. In atherosclerosis, in contrast, the general architecture and 
 elastic lamina   are destroyed, and infl ammatory infi ltrating cells are scarcely recog-
nized in any of the 3 layers. These histological features of Buerger’s disease are not 
common among other vasculitides. 

 We hypothesize that these specifi c fi ndings might be related to the degree  of 
  extracellular matrix (ECM) degradation, which is caused by the plasminogen acti-
vator system  and   matrix metalloproteinases (MMPs). Restriction of the immune 
reaction (cellular as well as humoral) to the arterial intima defi nes Buerger’s disease 
as an  endarteritis  . Furthermore, in Buerger’s disease, expression of PAI-1 in media 
may inhibit the function of uPA and MMP- 3, which disrupt and degenerate ECMs. 
This can be related to preservation of the wall architecture in vessels affected with 
Buerger’s disease [ 20 ,  21 ] (Fig.  31.2 ).   

  Fig. 31.2    Immunostaining for plasminogen activator inhibitor-1 (PAI-1), urokinase-type plas-
minogen activator (uPA), and matrix metalloproteinase (MMP-3) in atherosclerotic obliterans 
(ASO) ( a-c ) and Buerger’s disease ( d-f ). In  Buerger’s disease  , the expression of PAI-1 was very 
well recognized in media, particularly around internal  elastic lamina   ( d ), however, MMP-3 and 
uPA were scarce in intima ( e, f ).  A  adventitia,  M  media,  I  intima. (Kobayashi et al. 2014)       
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31.5     Diagnosis 

31.5.1     Diagnostic Criteria 

 The diagnosis of Buerger’s disease remains controversial and has not been settled 
because of various criteria used across the world. In general, Buerger’s disease is a 
clinical diagnosis that requires a compatible history, supportive physical fi ndings, 
and diagnostic vascular abnormalities on imaging studies. In most criteria, current 
or past smoking is a prerequisite for the diagnosis. 

 Several criteria have been proposed for the diagnosis of Buerger’s disease. At our 
institute, the clinical criteria of Shionoya are used for the diagnosis: (1) smoking 
history, (2) onset before the age of 50 years, (3) infrapopliteal arterial occlusion, (4) 
either upper limb involvement or  phlebitis migrans  , and (5) absence of atheroscle-
rotic risk factors other than smoking. Defi nitive presentation of Buerger’s disease is 
considered to occur when all 5 criteria are met. Patients meeting all but the 4th cri-
terion were diagnosed as probably suffering from Buerger’s disease [ 46 ]. 

  Mills et al.  have proposed major and minor diagnostic criteria (Table  31.1 ). The 
major criteria are essential and the minor criteria support the diagnosis. These crite-
ria may exclude a subset of patients with possible Buerger’s disease, but their appli-
cation defi nes a group of patients with nearly incontrovertible Buerger’s disease 
[ 35 ].

    Papa et al.  have developed a scoring system based on the “negative” and “posi-
tive” criteria (Table  31.2 ). If the patient has 6 or more points, the diagnosis is defi -
nite; if 4–5, probable; if 2–3, suspected; and if 1 or less, diagnosis is excluded [ 42 ].

    Olin et al.  have proposed diagnostic criteria that is are similar to ours; (1) age 
younger than 45 years; (2) present or recent history of tobacco use; (3) presence of 
distal extremity ischemia (claudication, pain at rest, ischemic ulcers or gangrene), 
documented by non-invasive vascular testing; (4) exclusion of autoimmune dis-
eases, hypercoagulable states and diabetes mellitus; (5) exclusion of a proximal 
source of embolization by echocardiography and arteriography; (6) consistent arte-
riographic fi ndings [ 38 ].  

31.5.2     Laboratory Tests 

 There is no specifi c laboratory test for the diagnosis of Buerger’s disease. Laboratory 
tests are mainly used to exclude alternative diagnoses. Initial laboratory studies 
should include a complete blood count, metabolic panel, liver function tests, blood 
glucose levels, infl ammatory markers such as erythrocyte sedimentation rate and 
C-reactive protein, cold agglutinins, and cryoglobulins. Additionally, serological 
markers of autoimmune disease, including anti-nuclear antibodies, anti-centromere 
 antibodies  , and  anti-scl-70 antibodies  , should be obtained. Results of serologic tests 
for the immunologic markers and the autoantibodies are usually normal or negative, 
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even though an immune reaction has been demonstrated in the arterial intima [ 20 ]. 
Lupus anticoagulant and anti-cardiolipin antibodies are possibly detected in some 
cases, but these may also indicate an isolated thrombophilia.  

31.5.3     Imaging Studies 

 The typical angiographic features are as follows; (1) involvement of the small and 
medium-sized vessels, such as the palmar, plantar, tibial, peroneal, radial, and ulnar 
arteries and the digital arteries of the fi ngers and toes, (2) segmental occlusive 
lesions, (3) more severe disease distally, and normal proximal arteries with no 

  Table 31.1    Diagnostic 
criteria by Mills et al  

  Major criteria  
  Onset of distal extremity 
ischemic symptoms before 45 
years old 
  Tobacco abuse 
  Exclusion of: 
   Proximal embolic source 
   Trauma and local lesions 
   Autoimmune disease 
   Hypercoagulable state 
   Atherosclerosis 
    Diabetes 
    Hyperlipidemia 
    Hypertension 
    Renal failure 
  Undiseased arteries proximal to 
the popliteal or distal brachial 
level 
  Objective documentation of 
distal occlusive disease by 
means of: 
   Segmental arterial Doppler 

studies and 4-limb 
plethysmography 

   Arteriography 
   Histopathology 

  Minor criteria  
  Migratory superfi cial phlebitis 
  Raynaud’s syndrome 
  Upper limb involvement 
  Instep claudication 

M. Sugimoto and K. Komori



369

evidence of atherosclerosis, (4) abundant collaterals around areas of occlusion 
(“corkscrew”, “spider legs”, or “tree roots” collaterals) (Figs.  31.3  –  31.7 ). 

 In general, arterial calcifi cation and atheromatous changes are scarce. There are 
frequent occlusions of the radial or ulnar artery, or both, at or above the wrist, with 
marked tortuosity of re-canalized segments. The palmar arches and the digital arter-
ies are often narrowed and diminished. Proximal lower extremity arteriography is 
generally normal from the supra-inguinal to the popliteal level. Tibial and pedal 
artery disease is generally segmental with abrupt transitions between normal vessel 
and sudden occlusions. Abundant collaterals are to be observed in chronic cases. 
These angiographic fi ndings of Buerger’s disease are, however, sometimes indistin-
guishable from those of other collagen diseases, such as scleroderma,    systemic 
lupus erythematosus, mixed connective tissue diseases, anti-phospholipid antibody 
syndrome, and so on. Clinicians must remember that these fi ndings are suggestive, 
but not pathognomonic of Buerger’s disease.  

31.5.4     Biopsy 

 Histopathological fi ndings are not always required for the diagnosis of Buerger’s 
disease. Occasionally, biopsy of superfi cial thrombophlebitis during the acute phase 
can be pathognomonic. For the diagnosis of Buerger’s disease affecting atypical 

   Table 31.2    Diagnostic criteria by Papa et al   

  Positive points  
 Age at onset  <30/30–40 years old  +2/+1 
 Foot claudication  Present/By history  +2/+1 
 Upper extremity  Symptomatic/Asymptomatic  +2/+1 
  Phlebitis migrans    Present/By history only  +2/+1 
 Raynaud’s syndrome  Present/By history only  +2/+1 
  Angiography  ; biopsy  If typical, both/either  +2/+1 
  Negative points  
 Age at onset  45–50/>50 years old  −1/-2 
 Sex/Smoking  Female/Nonsmoker  −1/-2 
 Location  Single limb/No leg involvement  −1/-2 
 Absent pulses  Brachial/Femoral  −1/-2 
 Atherosclerosis, diabetes, 
hypertension, hyperlipidemia 

 Discovered after diagnosis 5–10 years/2–5 
years 

 −1/-2 

  Probability of diagnosis    Number of points  
 Diagnosis excluded  0–1 
 Low likelihood  2–3 
 Probable, medium likelihood  4–5 
 Defi nite, high likelihood  6 or higher 
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  Fig. 31.3    Illustrations of angiographic features of  Buerger’s disease  . [ 46 ]       

  Fig. 31.4    Abrupt 
occlusion accompanied by 
tree root collaterals is seen 
in the superfi cial femoral 
artery       
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  Fig. 31.7    Right brachial arteriogram of a 46-year-old man. Despite multiple occlusions of the 
arteries in his forearm and hand, he had no symptom in his right upper extremity       

  Fig. 31.5    The second 
portion of the popliteal 
artery is occluded. The 
corkscrew collaterals are 
heading to the lower calf       

  Fig. 31.6    Left femoral arteriogram of a 48-year-old man with  Buerger’s disease  . The popliteal 
and crural arteries are extensively occluded, and collateral vessels show a corkscrew appearance       
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locations such as visceral arteries, only the histopathological fi ndings of acute- 
phase lesions can be defi nitive.   

31.6     Treatments 

31.6.1     Smoking Cessation 

 As mentioned above, the etiology of Buerger’s disease still remains to be elucidated 
and no therapeutic guidelines exist. However, smoking clearly associates with its 
exacerbation and remission. Absolute smoking cessation is the one and only defi ni-
tive therapy for Buerger’s disease. Any therapeutic approaches without smoking 
cessation are unsuccessful in treating arterial insuffi ciency [ 36 ,  45 ]. 

 The measurement of urinary nicotine and cotinine (a metabolic by-product of 
nicotine) help determine whether the patients is still smoking, using nicotine- 
replacement products, or being exposed to large amounts of environmental tobacco 
smoke. We have observed that symptomatic ischemia almost never recurred in 
patients with persistently low urinary cotinine levels [ 29 ]. 

 Nicotine replacement therapy should also be avoided because it may contribute 
to disease activity even for the purpose of smoking cessation. On the other hand, 
there is no report that varenicline enhances the activity of Buerger’s disease.  

31.6.2     Medical Therapy 

 Various medications, including anti-platelets, anti-coagulants, and vasodilators, 
have been used for the treatment of Buerger’s disease in the clinical practice. 
However, the clinical evidence to support the use of these drugs is scarce. 

 In a randomized controlled trial by Fiessinger and Schafer, 133 patients with the 
disease received intravenous iloprost (stable analogue of prostacyclin) or low-dose 
 aspirin   during a 28-day observation period. After 21–28 days, iloprost group 
achieved higher rates of clinical improvements, such as ulcer healing and pain relief 
[ 7 ].  

31.6.3     Surgical  Revascularization   

 The indication of  bypass surgery   is limited in patients with Buerger’s disease, 
because of infra-popliteal arterial involvement, loss of target vessels, and poor qual-
ity of veins due to phlebitis. However,  bypass surgery   may be considered in patients 
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with severe ischemia if suitable distal target vessels are identifi ed. Successful  bypass 
surgery   can improve ischemic symptoms. 

 The reported outcomes of  bypass surgery   in patients with Buerger’s disease are 
often suboptimal. In Ohta’s series, the primary patency rates were 41 %, 32 %, and 
30 % and secondary patency rates were 54 %, 47 %, and 39 % at 1, 5, and 10 years, 
respectively [ 37 ]. At the same time, satisfactory long-term patency is reported, pro-
vided that patients do not resume smoking. In Sasajima’s series of 71 infra-inguinal 
bypasses in 61 patients with claudication or CLI due to Buerger’s disease, the 5-year 
patency rate was 66.8 % in ex-smokers compared to 34.7 % in those who continued 
to smoke [ 44 ]. Our series of 23 infra-genicular bypasses in critical ischemic limbs 
also achieved a comparable primary patency rate of 67 % at 5 years. In this series, 
12 patients with 14 affected limbs stopped smoking and no major amputation 
occurred. On the other hand, 10 patients with 10 limbs affected continued smoking, 
resulting in two major amputations [ 49 ]. Additionally, it was proved that  revascular-
ization   allows ulcerations to heal in 90 % of cases even if the long-term graft patency 
is limited [ 23 ]. 

 Another  revascularization   technique is the use of omental transfer for critical 
ischemia. Several reports from India profess the usefulness of this technique [ 31 , 
 47 ].  

31.6.4     Sympathectomy 

  Sympathectomy  , particularly lumbar, had been used in patients who could not be 
candidates for  bypass surgery  . However, its effectiveness remains unclear. 
Sporadically,  sympathectomy   may induce the healing of superfi cial ischemic 
ulceration.  

31.6.5      Therapeutic Angiogenesis      

 In a small study of patients with Buerger’s disease, Isner et al. reported their results 
of intramuscular administration  of   vascular endothelial growth factor (VEGF) genes 
[ 15 ]. 

 Several studies have evaluated autologous bone marrow mononuclear cell 
implantation for patients with critical limb ischemia resulting from Buerger’s dis-
ease, and have successfully achieved reduction of pain and healing of ulceration 
[ 28 ,  43 ]. Others attempted the same procedure with autologous peripheral blood 
mononuclear cells, achieving the improvement of clinical symptoms [ 14 ].   
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31.7     Prognosis 

 In comparison with ASO, Buerger’s disease results in relatively favorable outcomes 
for affected limbs. Critical limb ischemia (CLI) in patients with ASO is deemed to 
predict poor outcomes in terms of both survival and limb salvage. However, this is 
not always true in Buerger’s disease. In contrast to CLI in ASO patients, medical 
treatment and smoking cessation are sometimes enough for the remission of isch-
emic symptoms in Buerger’s disease. 

 In Olin and colleagues’ series, 94 % of patients who quit smoking remained free 
of amputation, while 43 % of those who continued smoking required at least one 
amputation. No patient without gangrenous lesions at the time of smoking cessation 
required amputation [ 38 , 39 ]. In Ohta’s series of 110 patients with Buerger’s disease, 
43 % of patients underwent 108 amputation procedures. Among those who contin-
ued smoking, 19 % required a major amputation. None of those who stopped smok-
ing underwent amputation [ 37 ]. 

 The occurrence of periods of escalation and remission is another characteristic 
feature of Buerger’s disease. One study reports that the mean number of escalation 
was 5.4 times during follow-up [ 1 ]. The disease escalates usually at the age of 
30–40 years and then symptoms diminish. In persons 60 years of age or older, recur-
rence is seldom observed. 

 Still, in most cases, recurrence of the disease is the consequence of returning to 
smoking. On the other hand, the retrospective analysis of our series of CLI in 
Buerger’s disease implied that smoking had no effect on the recurrence in senior 
patients once complete remission has been achieved [ 49 ]. 

 As for the life expectancy, long-term survival is generally considered not to be 
affected by Buerger’s disease due to the rare involvement of cerebral, coronary, and 
visceral arteries. The life expectancy of patients with Buerger’s disease approaches 
that of the normal population and has been estimated to be 97 % at 5 years and 94 % 
at 10 years [ 34 ].       
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    Chapter 32   
 Cannabis-Associated Vasculitis                     

     Anne     Claire     Desbois     and     Patrice     Cacoub    

    Abstract     Cannabis is the most illicit drug consumed in France, especially by 
young adults and teenagers from all social groups. This drug is implicated in various 
complications such as psychotic disorders, anxiety, depressive symptoms, but also 
somatic disorders like cardiovascular disorders. 

 Cannabis use is associated with stroke, myocardial infarction and lower limb 
arteritis. Arterial disease affects especially young men. There is a very strong tem-
poral link between arterial complications and cannabis use for strokes and myocar-
dial infarctions. Patient outcome is closely correlated with cannabis withdrawal and 
relapses associated with cannabis re-challenge. 

 Cannabis use is associated with particular characteristics of arterial disease. The 
increased risk of myocardial infarction onset occurs within 1 h of smoking mari-
juana compared to periods of non-use. Strokes occurs mainly in the posterior cere-
bral circulation. Compared to cohorts of thromboangiitis obliterans patients, patients 
with cannabis-associated limb arteritis are younger, more often male and have more 
frequent unilateral involvement of the lower limbs at clinical presentation. 

 In conclusion, cannabis use is associated with arterial disease such as stroke, 
myocardial infarction and limbs arteritis. It appears essential to investigate cannabis 
use in young patients presenting with such arterial manifestations, as outcome is 
closely correlated with cannabis withdrawal.  

        A.  C.   Desbois    
  UMR CNRS 7211, INSERM U959, Paris 6 ,   Paris ,  France    

  Laboratory I3 “Immunology, Immunopathology, Immunotherapy ,  UMR CNRS 7211, 
INSERM U959, Groupe Hospitalier Pitié-Salpêtrière, Université Pierre et Marie Curie, 
Paris 6 ,   Paris ,  France     

    P.   Cacoub      (*) 
  UMR CNRS 7211, INSERM U959, Paris 6 ,   Paris ,  France    

  Laboratory I3 “Immunology, Immunopathology, Immunotherapy ,  UMR CNRS 7211, 
INSERM U959, Groupe Hospitalier Pitié-Salpêtrière, Université Pierre et Marie Curie, 
Paris 6 ,   Paris ,  France    

  Department of Internal Medicine and Clinical Immunology ,  AP-HP, Hôpital La Pitié- 
Salpêtrière ,   F-75013   Paris ,  France   
 e-mail: patrice.cacoub@aphp.fr  

mailto:patrice.cacoub@aphp.fr


378

  Keywords     Cannabis   •   Arterial disease   •   Stroke   •   Myocardial infarction   •   Lower 
limb arteritis   •   Vasculitis  

32.1       Introduction 

 Cannabis is the most illicit drug consumed in France, especially in young adults and 
teenagers from all social groups [ 1 ]. The use of cannabis has strongly increased in 
recent years in France [ 1 ]. A French study reported that 31 % of people aged 14–64 
years had used it at least once [ 2 ]. Delta-9-trans-tetrahydrocannabinol (delta-9- 
THC) is considered the main active agent in cannabis. This substance is implicated 
in various complications such as psychotic disorders, anxiety, depressive symp-
toms, but also somatic disorders like cardiovascular disorders [ 3 ] and neoplasia [ 1 ]. 
The mechanisms of action of delta-9-THC have proven to be complex. Animal stud-
ies have shown a peripheral vasoconstrictor effect of delta-9-THC [ 4 ], and it seems 
to have prothrombotic effects [ 5 ]. In humans, it causes tachycardia with increased 
cardiac output and cardiac workload [ 6 – 8 ] and may cause orthostatic hypotension 
and syncope [ 8 ]. As consequences, cannabis use may be associated with many arte-
rial complications, such as stroke, myocardial infarction and  limb arteritis  , with 
increased risk of death. Recently, 35 remarkable cardiovascular complications fol-
lowing cannabis use were reported by French Addictovigilance Network [22 car-
diac complications (acute coronary syndrome, n = 20), ten peripheral arterial disease 
and three cerebral complications], with a 25 % death rate [ 9 ]. However, to assert the 
specifi c cardiovascular effects of cannabis is diffi cult, because it is often used in 
combination with other drugs such as alcohol or cocaine and most cannabis users 
also smoke tobacco.  

32.2     Neurological Complications: Ischemic Strokes 

  Literature  reports   and studies provided convincing data that demonstrate an associa-
tion of cannabis use and ischemic strokes. In a recent case-control study of young 
patients presenting with stroke, the logistic regression analysis adjusted for age, 
gender, and ethnicity, showed that cannabis use was associated with an increased 
risk of ischemic stroke/ transient ischemic attack   [odds ratio (OR), 2.30; 95 % con-
fi dence interval (95CI), 1.08–5.08]. However, after adjusting for tobacco use, an 
association independent of tobacco was not confi rmed (OR 1.59; 95CI 0.71–3.70) 
[ 10 ]. The strong temporal relationship between on one hand symptoms onset/
relapses and cannabis use and, on the other hand, the improvement of neurological 
disease with cannabis withdrawal, strongly suggests that cannabis is a trigger of 
such arterial manifestations. In our literature review, all patients had used cannabis 
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the day before the stroke, i.e. during or 30 min before the symptoms for most of 
them, and 24 h preceding the symptoms for the remaining patients [ 11 ]. 

 Some patients signifi cantly increased their cannabis use during the days preced-
ing the neurological complication. In previous reports, patients who stopped their 
cannabis use had a favorable outcome and patients who continued smoking canna-
bis relapsed and did not show reversibility [ 11 ]. In a French cohort of patients with 
 a   reversible cerebral vasoconstriction syndrome (RCVS), none displayed relapse of 
neurological defi cit or thunderclap headache after cannabis discontinuation [ 12 ]. In 
the literature, most patients are heavy chronic cannabis smokers. Very few patients 
did present neurological symptoms after acute use of cannabis. Only few patients 
reported use of other vasoconstrictive drugs (about 10 % for cocaine and/or ecstasy) 
or had additional cardiovascular risk factors. 

 The prevalence of cannabis-induced cerebral strokes is diffi cult to estimate. In a 
prospective study of patients younger than 45 years admitted to a stroke unit, 13/48 
(27 %) patients were cannabis consumers with positive urine tests and no other drug 
consumption [ 13 ]. In a more recent study, Wolf et al. reported a 19 % frequency of 
cannabis users in a cohort of 159 young patients hospitalized for stroke. The preva-
lence of cannabis consumers was higher in stroke patients with intracranial stenosis 
than stroke patients with other etiologies (37 % vs 11 %). [ 14 ] In a retrospective 
cohort of 831 patients who were admitted to a stroke unit between 2004 and 2007, 
17 (2 %) patients had a neurologic defi cit associated with cannabis use [ 15 ]. A ret-
rospective study of 67 patients presenting with a RCVS, 20 (32 %) patients were 
cannabis consumers including nine patients that consumed only cannabis, whereas 
the remaining patients used alcohol, nasal decongestants, cocaine or selective sero-
tonin reuptake inhibitors [ 12 ]. 

 In a literature review of 71 cases of cannabis-associated strokes, patients were 
mainly young men (86 % males, mean age of 35 years) [ 11 ]. Main symptoms 
included: unilateral weakness, hypoesthesia/numbness, aphasia, dysarthria, blurred 
vision, headache and cerebellar syndrome. Some patients presented with a CRVS. Of 
note, few patients had concomitant cannabis-induced myocardial and cerebral 
infarctions. Vascular imaging often showed multifocal (50 %) and less frequently 
monofocal intra-cerebral artery stenosis, but it was normal in 20 %. A prospective 
study showed that cannabis use was signifi cantly associated with multifocal isch-
emic strokes [OR 113; 95CI 9–5047; p < 0.001] [ 13 ]. These fi ndings were con-
fi rmed in a more recent study in which all patients with drug abuse-associated 
strokes with intracranial stenosis had multi-arterial stenoses. [ 14 ] Interestingly, 
more than 50 % of cannabis-associated strokes reported in the literature occurred in 
the posterior circulation compared to 28 % of 326 reported patients aged 15–50 
years presenting with ischemic strokes and 23 % of 8,057 patients reported in 
another retrospective cohort [ 16 ]. 

 Underlying mechanisms of cannabis-associated strokes are not completely 
understood. Previous studies have shown impaired cerebral blood fl ow regulation 
after smoking marijuana, with increased cerebral blood volume in the right frontal 
region and the left temporal and cerebellar regions [ 17 – 19 ]. Other studies have 
reported an increase of systolic velocity and pulsatility index in the middle cerebral 
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artery after cannabis smoking [ 20 ] and after 3 and 28 days of cannabis abstinence in 
heavy smokers [ 21 ], suggesting a vasoconstrictive phenomenon.   

32.3     Cardiac Complications 

 Myocardial infarction (MI) has also been associated with cannabis use. In a pro-
spective study [ 22 ], 12.5 % of patients younger than 50 years who were hospitalized 
for MI smoked marijuana. Using a crossover analysis, it was found a major increase 
in the risk of MI within 1 h after smoking marijuana compared to periods of non-use 
(OR 4.8; 95CI 2.9–9.5; p < 0.001). This risk decreased rapidly in the following 
hours after cannabis smoking cessation. Another prospective cohort study of 65,171 
people (aged 15–49 years) who participated in multiphasic health checkups [ 3 ], did 
not fi nd an increased risk of MI (OR 1.1, 95CI 0.7; 1.7), or stroke (OR 1.0; 95CI 0.8; 
1.3) in current smoker men/cannabis consumers. Consistently with cannabis- 
associated neurological complications, none of the patients who discontinued 
smoking did relapse while recurrences of MI have been observed in patients who 
did not achieve cannabis withdrawal [ 11 ]. 

 In a literature review of 147 patients with cannabis-associated MI, most of them 
were young men (male 93 %, mean age 42-years). Forty percent of patients had 
symptoms onset within 24 h following cannabis use. All patients were current or 
heavy smokers. Most patients also had other cardiovascular risk factors [tobacco 
use (70 %), hypertension (28 %), obesity (38 %) and diabetes (6 %)] [ 11 ]. In another 
study, compared with non-users, cannabis smokers with MI were more likely to be 
men (p < 0.001), current cigarette smokers (p < 0.001) and obese (p = 0.008). They 
were less likely to have a history of angina (p < 0.001) or hypertension (p = 0.002) 
[ 22 ]. 

 Cannabis use is associated with a poor prognosis in patients who develop cardio-
vascular manifestations. A prospective study found that marijuana was associated 
with three-fold higher risk of mortality after MI, both after age and sex adjustment 
and in more fully adjusted models (cocaine, alcohol and tobacco use) [ 23 ]. There 
was a gradual increase in the risk of mortality with more frequent marijuana use. 
Age- and sex-adjusted hazard ratios associated with any marijuana use were 1.9 
(95CI, 0.6–6.3) for cardiovascular mortality and 4.9 (95CI, 1.6–14.7) for non- 
cardiovascular mortality (i.e. motor vehicle accident, AIDS and lung cancer). 

 Cannabis use has been associated with numerous deleterious cardiovascular 
effects. Aronow [ 24 ] showed that in ten patients with chronic stable angina, the time 
to exercise-induced angina was decreased by 48 % after smoking a single marijuana 
cigarette compared with 8.6 % after smoking a placebo and 23 % after smoking a 
high nicotine tobacco cigarette (p < 0.001). Cannabis use increases heart rate and 
blood pressure, particularly when supine. Cannabis use increases oxygen demand 
and blood carboxyhemoglobin levels, resulting in a decreased oxygen supply for the 
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heart [ 22 ]. Another proposed mechanism for cardiovascular toxicity is the disrup-
tion of a vulnerable atherosclerotic plaque in response to hemodynamic effects 
associated with cannabis use [ 25 ]. The increased risk of MI within the hours follow-
ing cannabis use support this hypothesis. Coronarography was normal in 40 % of 
patients while it showed thrombosis in others. These fi ndings suggest a reversible 
vasospasm in patients with normal coronary  angiography  .  

32.4      Limb Arteritis   

 Sterne and Ducastaing fi rst  described   cannabis-associated arteritis in 1960, in a 
series of Moroccan males who were heavy cannabis smokers (10–15 pipefuls per 
day) [ 26 ]. These patients presented with  lower limb arteritis      that showed character-
istics similar to those found in  thromboangiitis obliterans  . In a literature review 
[ 11 ], 80 patients  with   cannabis-associated arteritis were reported, mostly young 
men (as observed in neurological and cardiovascular complications), with Raynaud’s 
phenomenon and venous thromboses (both superfi cial and deep venous thrombo-
ses). Almost all patients had lower limb involvement while some of them also had 
upper limbs involvement. At diagnosis, most patients presented, after several 
months of claudication, with painful distal necrosis of the lower or upper limbs 
(stage IV of the Leriche classifi cation). Rarely, arterial lesions were asymptomatic. 
Vascular imaging of the lower limbs revealed in almost all patients distal arterial 
occlusions characteristic of  thromboangiitis obliterans  . Proximal arterial lesions 
may be observed and lesions are usually bilateral (90 %). 

 It may be diffi cult to confi rm the impact of cannabis on the onset of arterial com-
plications, notably in patients who are heavy tobacco users. However, vascular 
fl ares were associated with cannabis consumption, i.e. relapses were always related 
to cannabis use, and remissions were associated with cannabis withdrawal (even 
without tobacco withdrawal). Cannabis users with  limb arteritis   compared to 
patients with typical  thromboangiitis obliterans   were younger, more often males, 
had more frequent unilateral involvement of the lower limbs and had less frequently 
thrombophlebitis and  Raynaud’s phenomenon   [ 27 ]. These characteristics strongly 
suggest that cannabis also plays a key role in the pathogenesis of such arteritis in 
addition to tobacco. Cannabis associated-arteritis (in addition to tobacco) may rep-
resent a particular and severe form of  thromboangiitis obliterans  . The prognosis of 
cannabis-associated limbs arteritis appears to be very poor, as far as up to 58 % of 
patients underwent amputations.     
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    Chapter 33   
 Imaging in Systemic Vasculitis                     

     Mazen     Abusamaan     ,     Patrick     Norton     ,     Klaus     Hagspiel     , and     Aditya     Sharma    

    Abstract     Vasculitis is a heterogeneous and complex group of diseases associated 
with infl ammation of the vessel wall. It can affect both arteries and veins; however 
seen mostly in arteries. Vasculitis is further divided into small, medium and large 
vessel vasculitis based on the arteries involved. In this chapter, we provide a detailed 
discussion on the use of various diagnostic modalities often employed in the diag-
nosis and treatment of acute as well as chronic vasculitis and their sequelae.  

  Keywords     Vasculitis   •   Vasculitides   •   Imaging   •   Arteritis   •   Aortitis  

33.1       Introduction 

 Vasculitides are a heterogeneous group of diseases characterized by infl ammation 
of the blood vessel wall. These usually present with certain characteristic constitu-
tional and systemic symptoms in addition to vascular infl ammation [ 35 ,  46 ,  73 ,  83 ]. 
Classifi cation is usually based on the size of the predominately involved vessels [ 35 , 
 46 ,  73 ,  83 ]. Imaging can play a major role in identifying some of the vasculitides 
especially large and medium vessel  vasculitis   (Table  33.1 ) [ 77 ]. The great strides 
made in developing superior non-invasive imaging modalities have played an 
important role in the current diagnosis and management of vasculitis. Combination 
of clinical fi ndings along with superior imaging modalities has made it easier to 
accurately diagnose many vasculitides without the need of invasive procedures such 
as skin or other tissue biopsy often required in the past. Imaging modalities fre-
quently used for diagnosis are  color duplex ultrasound (CDUS)  ,  computerized 
tomography (CT)  ,    magnetic resonance imaging (MRI)  and   magnetic resonance 
angiography (MRA),  and   positron emission tomography (PET). The cardinal 
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imaging signs of vasculitis are vessel wall thickening, irregular contours, perivascu-
lar infl ammation, aneurysm formation and stenosis and occlusion as a result of vas-
cular remodeling secondary to infl ammation [ 77 ,  83 ]. These signs are detectable in 
large and medium vessel vasculitides where imaging is the cornerstone in diagnosis 
due to inaccessibility of the primary involved vessel to obtain histopathologic sam-
pling. In this chapter, we discuss the role of the different imaging modalities for the 
diagnosis of different types of vasculitides, as well as their relative advantages and 
disadvantages.

33.2        Ultrasonography 

  CDUS   is a widely available non-invasive imaging modality which is relatively inex-
pensive, safe, lacks radiation and does not need contrast. This imaging modality is 
useful particularly in diagnosis and management of large and medium-vessel vascu-
litis such  as   giant cell arteritis (GCA), infl ammatory  aortitis   and  Takayasu’s 
arteritis  . 

 Vasculitis in acute stages will present with signifi cant vessel wall infl ammation 
and thickening, which could be identifi ed on  CDUS   particularly in large and 
medium-vessel vasculitis (Fig.  33.1 ). The use of  CDUS   in the diagnosis of GCA 
was fi rst reported by Schmidt and colleagues in 1997, who discovered that the 
infl amed temporary artery wall demonstrated hypoechoic edematous wall swelling 
called  halo sign   (Fig.  33.2 ) [ 71 ]. Presence of this sign has good sensitivity and 
specifi city for the diagnosis of GCA [ 6 ,  39 ]. The absence of the  halo sign   has been 
reported to have a very high (92–96 %) negative predictive value [ 42 ,  71 ]. This 
imaging characteristic typically disappears after a mean of 16 days with corticoste-
roid treatment [ 42 ,  64 ,  71 ]. Interestingly, LeSar CJ et al. reported greater sensitivity 
of clinical diagnosis supported by US or MR fi ndings compared to histological 
exam in untreated patients or patients who received corticosteroid therapy for <2 
days [ 42 ].

  Table 33.1    Vasculitidies in 
which imaging of the 
vasculature can play a major 
role in identifi cation and or 
treatment  

  Large vessel Vasculitis : 
      Giant Cell arteritis 
   Takayasu’s arteritis 
   Aortitis 
  Medium vessel Vasculitis : 
      Polyarteritis nodosa 
      Kawasaki disease 
  Medium and Small vessel    vasculitis    
   Primary angiitis of the central 

nervous system 
   Buerger’s disease 
  Vasculitis involving arteries and 
veins of various sizes  
   Behçet’s disease 
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    Although  temporal artery biopsy   remains the gold standard for the diagnosis of 
GCA by showing mononuclear cell infi ltration of the arterial wall on histopatho-
logic exam but because the infl amed segment in temporal arteritis is not always 
homogeneously distributed along the temporal artery,  temporal artery biopsy   can be 
falsely negative [ 23 ,  43 ,  44 ,  82 ]. Due to this limitation and the improvement in reso-
lution in ultrasonic diagnostic modalities, there has been active investigation in 
using ultrasound more frequently for the diagnosis of GCA. 

 Other  CDUS   fi ndings of large and medium-vessel vasculitis include stenosis, as 
evidenced by narrowing of the vessel lumen on gray scale imaging, increased 
Doppler velocities and turbulence due to the stenosis. Occlusion of the temporal 
artery can be demonstrated by absence of color signals in the vessel. During exami-
nation, the sonographer can communicate with the patient and correlate areas of 

  Fig. 33.1    Duplex ultrasound of a 44-year-old man with isolated idiopathic  aortitis   showing vessel 
wall infl ammation in the form of thickening (see  arrows ) in the abdominal aorta       

  Fig. 33.2    Duplex ultrasound of an elderly man  with   Giant cell arteritis showing vessel wall 
infl ammation in the form of thickening (see  arrows ) in the right temporal artery and the left axil-
lary artery ( Halo sign  ). Acknowledgement: Image provided by Heather Gornik, MD (Cleveland 
Clinic)       
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tenderness with ultrasound fi ndings [ 21 ,  56 ,  68 ,  70 ].  CDUS   can assess longer arte-
rial segments and examine neighboring arteries for infl ammation, which is not fea-
sible by  temporal artery biopsy   (Fig.  33.2 ). Often  CDUS   is used to identify and 
mark infl amed segments of superfi cial temporal artery to guide  temporal artery 
biopsy   in order to improve accuracy of histopathologic results [ 38 ]. Several studies 
have shown infl ammatory changes in the axillary artery in patients  with   large vessel 
vasculitis [ 12 ,  69 ,  72 ]. In a meta-analysis of 23 studies,  CDUS   of the temporal 
artery had a sensitivity and specifi city of 87 and 96 % compared with the clinical 
diagnosis alone [ 39 ]. In some experienced centers, the diagnosis is established by 
clinical assessment and ultrasound without the need for invasive biopsy [ 1 ,  12 ,  39 , 
 52 ,  56 ,  68 ,  69 ,  72 ]. 

 In Takayasu’s Arteritis (TA),  CDUS   demonstrates heterogeneous intimal thick-
ening of the affected large vessel with irregular luminal contour and bright appear-
ance known as “Macaroni”  sign   (Fig.  33.3 ) [ 26 ]. Takayasu’s Arteritis does not 
involve the temporal artery. Homogenous wall thickening of the common carotid or 
left subclavian artery of more than 1.0 mm before hemodynamic signifi cant stenosis 
occurs, is suspicious for TA [ 69 ]. In later stages, stenosis or occlusion develops and 
leads to collateral formation and retrograde fl ow in the vertebral artery with or with-
out subclavian steal syndrome [ 62 ]. The limitations of ultrasonography are its 
inability to detect peri-adventitial small vessel  vasculitis   or vasculitis of the vasa 
vasorum, which can only be demonstrated on histopathologic examination, the 
inability to depict vessels localized behind osseous structures and air such as the 
thoracic aorta unless performed by transesophageal echocardiography and its 
dependence on the sonographer’s skills [ 52 ]. Lastly, on the horizon there are now 
clinical studies evaluating the use of  microbubble contrast-enhanced ultrasonogra-
phy   in the GCA and TA (clinical trials.gov NCT01795456).

  Fig. 33.3    Duplex 
ultrasound of a young 
woman with  Takayasu’s 
arteritis   showing vessel 
wall infl ammation in the 
form of thickening in the 
left common carotid artery 
(see  arrows ). 
Acknowledgement: Image 
provided by Esther Kim, 
MD (Cleveland Clinic)       
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33.3        Computed Tomography Angiography 

  CT and CT Angiography (CTA)    are both useful to detect infl ammatory changes in 
large and medium sized arteries because of good spatial resolution and fast scanning 
times. CT/CTA accurately measures vessel diameters, and demonstrates arterial 
wall thickening, calcifi cations, thrombosis, stenosis and occlusion [ 27 ,  86 ]. 

 In a series of 40 GCA patients, large-vessel involvement/wall thickening was 
present in 27; in these 27 cases, the aorta was affected in 65 %, the brachiocephalic 
trunk in 48 %, the carotid arteries in 35 %, and the subclavian arteries in 43 % [ 57 ]. 
Another study by Park et al. involving 47 patients with TA showed that the left sub-
clavian artery was involved in 55 %, abdominal aorta in 53 %, right renal artery in 
45 %, right subclavian and left renal arteries in 38 %, descending thoracic aorta in 
32 %, left common carotid artery in 30 %, and coronary arteries in15% [ 55 ]. 
Findings of long segment aortic wall thickening with smooth distal tapering, aneu-
rysm formation, dissection and dilatation are more prevalent in GCA patients com-
pared to the normal population [ 40 ,  53 ,  61 ].  Thoracic   aortic aneurysms more readily 
develop in an infl amed aorta, which explains their increased incidence compared to 
healthy subjects of the same age [ 40 ,  53 ,  61 ]. Aortic involvement most commonly 
presents as annuloaortic ectasia.    Aortic aneurysms, dissections can occur through-
out the aorta. Some experts recommend annual chest X-rays and abdominal duplex 
for aneurysm screening in GCA patients [ 47 ]. Coronary and mesenteric artery 
involvement in GCA has been described [ 34 ]. 

  CTA   is well suited for the diagnosis of TA. The infl ammatory changes in the ves-
sel wall in the acute phase lead to the classic “double ring” fi nding on CT (Fig. 
 33.4 ). The poorly enhancing inner ring usually refl ects intimal hyperplasia, whereas 

  Fig. 33.4    CT angiogram of a 64 year-old man  with   Giant cell arteritis showing wall thickening 
( arrows ) of the left subclavian and axillary arteries (long axis,  left image ; short axis,  right image ) 
representing infl ammatory changes in the acute phase. Normally, the arterial wall is not perceptible 
on CT  angiography         
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the brightly enhancing outer ring indicates active infl ammation in the medial and 
adventitial layers of the artery [ 30 ]. After 5 years or later, the chronic stages are 
characterized by arterial wall calcifi cations, which are typically linear without 
involvement of the ascending aorta [ 30 ,  60 ]. Compared to conventional  angiogra-
phy  , CT is superior in demonstrating arterial wall thickening, perivascular infl am-
mation, calcifi cations and mural thrombi [ 85 ]. Yamada I et al. had 25 patients with 
TA undergoing  CTA   and conventional angiogram. They reported that  CTA   was able 
to assess stenotic lesions in TA in all brachiocephalic trunks, in 37 of 40 common 
carotid arteries, and in 33 of 40 subclavian arteries, with a sensitivity and specifi city 
of 93 % and 98 % respectively [ 85 ].  CTA   has been shown to detect silent coronary 
artery involvement in patients affected with TA. In a recent study that included 111 
patients with TA, using a 128-section dual-source  CTA  , coronary involvement 
was disclosed in more than half of the patients [ 37 ].  CTA   provides an accurate mea-
surement  of   aortic aneurysm to identify those with high risk of rupture (>5 cm in 
ascending aorta, >6 cm in thoracic aorta and >5.5 cm in abdominal aorta or >0.5 
expansion at any site in 6 months or more) (Fig.  33.5 ) [ 3 ,  32 ].

    One of the main limitations of CT and  CTA   is exposure to ionized radiation, 
particularly as these patients frequently need follow-up imaging. Lately, newer low 
dose techniques and novel iterative reconstruction algorithms for  CTA   allow signifi -
cant reduction in radiation exposure [ 2 ]. The spatial resolution of CT is in the order 
of 0.5 mm, which is limiting accurate assessment of involvement of smaller vessels 
[ 79 ]. The need to use iodinated contrast agents is a further limitation of  CTA  .   

  Fig. 33.5    CT Angiogram of a 72-year-old man with 9 cm ruptured  abdominal   aortic aneurysm 
with active extravasation ( arrow ) and retroperitoneal hematoma ( asterisk ) in axial ( left ) and sagit-
tal ( right ) planes       
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33.4     Magnetic Resonance 

 Similar to CT,  MRI   is well-suited to evaluate the aorta and other large and medium 
sized vessels. It is generally considered superior to  CTA   in its ability to assess the 
vessel wall.  MRI   has a considerable signifi cance in detecting early signs of vasculi-
tis, mainly by detection of subtle changes in the aortic wall. Fat-suppressed T2 
black blood sequences can demonstrate increased wall thickness and wall edema. 
T1-weighted sequences post contrast show mural enhancement (Fig.  33.6 ) [ 15 ,  16 ]. 
Post-contrast T1 images are superior to T2 or fat-suppressed images in detecting 
large-vessel infl ammation and are required for detection of more subtle signs [ 81 ].

    MRI   can be used for periodic assessment of TA by providing luminal and vessel 
wall assessment without radiation or iodinated contrast [ 81 ]. The  MRI   fi ndings of 
high signal on T2 weighted sequences and mural contrast enhancement is more 
prominent in active disease stages and tends to diminish after initiation of immuno-
suppressive therapy. However, their role in assessment of disease activity remains 
controversial and requires more evidence [ 81 ]. 

  Fig. 33.6    MR angiogram performed with ECG-gating of a 70-year-old man with acute  aortitis  . 
( a ) T1-weighted imaging shows morphologic changes of circumferential thickening of the 
descending aortic wall ( arrow ). ( b ) T2-weighted image demonstrates high (bright) signal due to 
edema in the aortic wall. ( c ) The infl amed aortic wall is of higher signal than the blood within the 
aortic lumen on T1-weighted imaging with fat saturation before the administration of gadolinium 
contrast media. ( d ) After the administration of contrast media, the marked enhancement of the 
infl amed aortic media and adventitia with relatively poor enhancement of the swollen intima can 
be seen, resulting in the “double ring” fi nding       
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 High resolution  MRI   has been shown to have the same sensitivity and specifi city 
as  CDUS   for the detection of temporal artery involvement in GCA, although it has 
not been used routinely for this reason [ 10 ,  41 ]. Bley TA et al. compared  MRI   with 
 CDUS   in 59 patients with suspected GCA [ 10 ]. 36 of the 59 patients had 
GCA. Sensitivity of  MRI   and  CDUS   was 69 % and 67 % respectively. Specifi city 
was 91 % in both groups (38). Another study by the same groups demonstrated that 
high-resolution 1.5-T MR of the TA has been shown to be 81 % sensitive and 97 % 
specifi c for GCA diagnosis [ 11 ]. Interestingly, this study showed histology results 
alone had a sensitivity of 77.8 % and specifi city of 100 %. The degree of infl amma-
tory enhancement by high resolution  MRI   has shown to be affected by steroid ther-
apy [ 8 ,  9 ]. 

 Drawbacks of  MRI   are its relatively higher cost and lack of universal availability, 
particularly for high-resolution wall imaging. Another disadvantage of  MRI   is the 
limited use in patients with claustrophobia and metal implants such as cardiac pace-
maker and defi brillators. In patients with renal insuffi ciency, the use of gadolinium- 
based contrast agents can be limited due to the risk of nephrogenic systemic fi brosis. 
 MRI   has suboptimal visualization of vessel calcifi cations. Moreover, similar to 
 CTA  ,  MRA   has a limited role for small vessels evaluation, its spatial resolution 
generally being below that of  CTA  .  

33.5     Digital Subtraction Angiography 

   Digital subtraction angiography (DSA)  , once the primary diagnostic modality, has 
lost its role to other  noninvasive   imaging techniques, mainly due to its invasiveness 
and inability to demonstrate changes of the vessel wall [ 56 ]. It remains however an 
important tool for assessing medium and small sized arteries due to its superior 
spatial resolution and to guide endovascular treatment. 

 In GCA, DSA can  demonstrate   aortic aneurysm and irregular wall contours [ 78 ]. 
Frequently, in cases with upper extremity involvement, lesions present as bilateral 
stenosis or occlusions with a smooth, tapered appearance in the subclavian, axillary 
and proximal brachial arteries. The presence of affected segments followed by nor-
mal segments (skip lesions) is typical for GCA. Occasionally patients present with 
aneurysmal lesions. GCA generally spares the origins of the great (supra-aortic) 
vessels [ 80 ]. 

 Unlike GCA, TA tends to affect the aorta and the origins of the supraaortic and 
visceral branches. Luminal irregularities, stenosis and occlusions and occasionally 
aneurysms can be found. The characteristic angiographic appearance of these 
lesions was described as proximal, long segment, smooth contours, abrupt and 
fl ame-shaped terminations. TA is classifi ed angiographically into six types, and this 
can be readily achieved with  CTA   or MR. DSA is not required for this purpose 
(Table  33.2 ) [ 49 ]. Where DSA still has a diagnostic role is in the realm of medium 
sized vasculitides, where it detects stenosis, occlusions and aneurysms more accu-
rately than  CTA   or  MRA  .
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    Thromboangiitis obliterans   (TAO) or  Buerger’s disease   is a form of vasculitis 
where DSA still plays a major role in diagnosis. TAO is a non-necrotizing vasculitis 
affecting medium and small arteries of the upper and lower extremities and rarely 
the coronary, carotid and visceral arteries. Patients are generally younger than 45 
years and heavy smokers. The hallmark angiographic fi ndings of TAO are segmen-
tal occlusions of the arteries with distinctive collateral vessels, so-called corkscrew 
collaterals which are thought to be enlarged vasa vasorum (Fig.  33.7 ) [ 4 ,  54 ,  76 ]. 

   Table 33.2    Angiographic classifi cation of Takayasu’s Arteritis   

 Type  Site of involvement 

 I  Branches of aortic arch 
 IIa  Ascending aorta, aortic arch and its branches 
 IIb  Ascending aorta, aortic arch and its branches and thoracic 

descending aorta 
 III  Thoracic descending aorta, abdominal aorta and/or renal arteries 
 IV  Abdominal aorta and/or renal arteries 
 V  Combination of Types IIb and IV 

  Fig. 33.7    Digital subtraction angiogram of a 41 year-old man with  Buerger’s disease  . ( a ) Contrast 
media injection at the left common femoral artery reveals normal morphology (appropriate size 
and tapering) of the arteries of the proximal lower extremity. ( b ) Injection at the level of the above- 
knee popliteal artery shows occlusion of the popliteal artery with fl ow into collateral vessels 
( arrow ). ( c ) Occlusion of all primary below knee runoff arteries with development of multiple 
“cork screw” collateral arteries ( arrows )       
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These small vessels are best seen by DSA due to its high spatial resolution, but have 
also been observed on  CTA   and  MRA  .

   Another disease where DSA is a useful diagnostic tool  is   Polyarteritis nodosa 
(PAN). PAN is a systemic necrotizing vasculitis affecting medium-sized arteries. 
Involved organs are the skin, peripheral nerves, GI tract, kidneys, heart and central 
nervous system. The most characteristic angiographic appearance for PAN is mul-
tiple saccular or  fusiform   microaneurysms measuring between 1 and 5 mm. They 
typically occur at the branching point of the affected artery [ 28 ]. Occlusions, irregu-
lar vessels and stenosis can also be seen. The majority of patients have more than 
one aneurysm and they commonly involve multiple organs [ 78 ]. The small aneu-
rysms encountered in PAN are usually not well seen by  CTA   [ 28 ]. In case of vascu-
lar occlusion, renal or hepatic infarcts can be seen on CT or  MRI  . The hepatic, renal 
and superior mesenteric arteries are most commonly affected. DSA has been 
reported to have a sensitivity of 89 % and specifi city of 90 % in PAN with 55 % PPV 
and 98 % NPV [ 31 ]. However, it is important to remember that PAN cannot be ruled 
out by negative  angiography   and conversely microneurysms can also occur in a 
number of structural vasculopathies. 

 The main role of DSA today is to guide endovascular procedures aimed at  revas-
cularization   of branch vessels causing claudication, mesenteric ischemia, renal fail-
ure or refractory hypertension and claudication or to treat aneurysm with 
embolization of covered stents. The drawbacks of DSA include exposure to ionizing 
radiation, its invasiveness, cost and the need to use iodinated contrast agents. 
 Cerebral angiography   carries also a small risk of stroke [ 84 ].   

33.6        Positron Emission Tomography 

    Positron emission tomography (PET) is a nuclear medicine technique that is able to 
evaluate the degree of uptake of an intravenously injected radiolabeled glucose ana-
logue ( fl uorodeoxyglucose   [FDG]) by activated cells in infections, malignancies, 
and infl ammatory processes [ 56 ]. The fi rst use  of   PET FDG for GCA and TA was in 
1999 [ 13 ,  29 ]. PET FDG allows whole body visualization of glucose-consuming 
infl amed vessels non-invasively. In large vessels, the intensity of FDG uptake is 
usually classifi ed on a semi-quantitative 4-point scale: none (grade 0), less than liver 
uptake (grade 1), similar to liver uptake (grade 2), and higher than liver uptake 
(grade 3) [ 48 ]. Uptake exceeding the hepatic one (grades 2 and 3) is necessary to 
consider the diagnosis of vasculitis [ 7 ,  48 ]. The limited spatial resolution  of   PET 
can be improved when PET is combined with CT. A recent study  on   large vessel 
vasculitis evaluated the diagnostic role  of   PET (Fig.  33.8 ) [ 24 ].    PET had an overall 
sensitivity of 73 %, a specifi city of 84 %, a positive predictive value of 82 %, and a 
negative predictive value of 77 %. The addition  of   PET to the diagnostic algorithm 
increased the diagnostic accuracy from 54 to 71 %. On the other hand, the diagnos-
tic accuracy  of   PET dropped dramatically after initiation of steroid and/or immuno-
suppressive therapy by nearly 50 % [ 24 ].    PET is considered the most sensitive test 
for the detection of early vessel wall infl ammation. Anatomical localization is 
improved when performed as PET-CT or PET-MRI. PET is limited in the diagnosis 

M. Abusamaan et al.



397

of small vessel  vasculitis   (vessel diameter <4 mm). In addition, the temporal artery 
cannot be visualized by this technique due to the superfi cial location and the prox-
imity to the glucose consuming brain. Other limitations include limited availability, 
high cost, lack of  standardized   PET interpretation, and radiation [ 56 ].

33.7        Role of Imaging in Other Rare Vasculitis 

     1.    Goodpasture disease is a small vessel  vasculitis   characterized by the presence of 
circulating anti–glomerular basement membrane. It predominantly involves 
renal and pulmonary systems causing glomerulonephritis and pulmonary hemor-
rhage. Chest radiographs can demonstrate pulmonary involvement which occurs 
in 50–80 % of the cases. Typical are bilateral nodular or reticular opacities [ 58 ]. 
CT typically shows predominantly sub-pleural or diffuse nodules and/or masses 
with cavitations [ 45 ]. In the head, sinus mucosal edema and thickening, bony 
destruction, and erosions of surrounding structures can be demonstrated on MR 
and CT, and then indicate nasal and cranial sinus involvement [ 25 ].   

   2.     Churg-Strauss syndrome   (CSS) is an ANCA-positive vasculitis affecting small- 
to medium-sized vessels. It is characterized by early constitutional symptoms 
with fever, allergic rhinitis and asthma. At a later stage, systemic vasculitis 
affects various organs including the nervous system causing peripheral neuropa-
thy, GI causing eosinophilic gastroenteritis and ischemic bowel, and the kidney 
causing  segmental   necrotizing glomerulonephritis. Eosinophilia in the blood and 
affected tissues is a hallmark fi nding. In CSS, Chest X-rays may reveal recurrent 
lower lobe pulmonary infi ltrates and, less frequently, reticulo-nodular opacities, 
and multiple nodules [ 17 ]. Asthma-like fi ndings with hyperinfl ation and bron-
chial wall thickening have also been demonstrated. High-resolution chest CT 
typically shows areas of consolidation or bilateral patchy ground-glass opacities 
with predominant sub-pleural and lower lobe distribution [ 17 ].   

   3.       Kawasaki disease is a medium vessel  vasculitis   typically seen in young children. 
It primarily affects the cardiovascular system particularly the coronary arteries. At 
early stage, children often present with prolonged fever, conjunctivitis, anterior 

  Fig. 33.8    Eighty year old 
man  with   Giant cell 
arteritis.  Arrow  shows 
increased FDG update in 
the right subclavian artery       
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 uveitis  , strawberry tongue, adenopathy (especially cervical), erythema of palms 
and soles, myocarditis or endocarditis. Later, coronary  aneurysm  s develop. In a 
study of 100 patients with Kawasaki disease, 44 patients had coronary artery 
lesions on the initial echocardiogram (31 with ectasia, 13 with aneurysm) [ 5 ]. 
Echocardiography has been shown to have high sensitivity and specifi city for the 
detection of coronary artery aneurysms (95 % and 99 % respectively) without 
radiation exposure [ 50 ]. Therefore, conventional coronary  angiography   is rarely 
necessary. It is recommended by American Heart Association to consider echocar-
diogram for patients with KD at presentation, at 2 weeks, and after 6–8 weeks 
[ 50 ]. With recent technical advancement, coronary  CTA   have become an excellent 
modality to diagnose and follow coronary artery aneurysms and their complica-
tion [ 36 ].   

   4.    Behçet’s disease is a chronic infl ammatory disorder that can affect all vessel 
types. It is more commonly diagnosed in people of Mediterranean, East Asian, 
and Middle Eastern ethnicities. Common manifestations include recurrent oro- 
genital ulcerations,  uveitis    and   retinal vasculitis. Vascular ultrasound can detect 
superfi cial and deep venous thrombosis which is the most common vascular 
manifestation  in   Behçet’s disease [ 14 ,  22 ]. Arterial thrombosis, stenosis and 
aneurysm have also been observed with pulmonary artery  aneurysm   demon-
strated by CT being the most fearful vascular complication [ 14 ,  22 ].   

   5.    Adult primary central nervous system vasculitis (PCNSV) is a rare small and 
medium-vessel vasculitis restricted to brain and spinal cord. It is most commonly 
seen in young to middle-aged men. Headache is often a presenting symptoms, 
but  transient ischemic attack  s, cerebral infarction, paralysis, seizures, and visual 
fi eld defects are among the other manifestations. Biopsy is the only defi nitive 
test, but  angiography   is also used for diagnosis. Characteristic fi ndings are 
involvement of multiple cerebral arteries with alternating areas of smooth wall 
narrowing and dilatation (rarely aneurysms) or arterial occlusions in the absence 
of proximal vascular atherosclerosis [ 66 ].  DSA   was shown to have a sensitivity 
of 40–90 % and specifi city of 30 % for the diagnosis of PCNSV [ 67 ]. 

  MRI   is the screening test of choice for PCNSV with 100 % sensitivity in 
detecting the secondary vasculitis effect on the brain parenchyma [ 67 ]. Non- 
specifi c  MRI   fi ndings include multiple areas of ischemic infarct, meningeal 
thickening or abnormal white matter areas. The MR vascular fi ndings of PCNSV 
must be supported by  DSA   as  MRA   is 20 % less sensitive than  DSA   for detailing 
vascular wall abnormalities in PCNSV [ 66 ]. If angiographic fi ndings are nega-
tive in a symptomatic patient with high clinical suspicion, brain biopsy should be 
obtained to confi rm diagnosis. This subtype of PCNSV carries a better prognosis 
[ 65 ].    PET has a limited role in PCVNS due to FDG consumption by the brain 
parenchyma and lack of spatial resolution of small neuro-vascular vessels. A 
new tracer known as [11C] PK11195, which selectively binds to the peripheral 
benzodiazepine binding site of activated macrophages has been investigated to 
detect vascular infl ammation  using   PET for evaluation of patient with PCVNS 
[ 59 ].   

M. Abusamaan et al.



399

   6.    Idiopathic  infl ammatory   aortic aneurysms and periaortic  retroperitoneal fi brosis 
  are disorders characterized by the enhanced fi bro-infl ammatory thickening of 
adventitial tissues caused by infi ltration of immuno-infl ammatory cells and 
deposition of thickened fi brous tissues [ 63 ]. Patients often have constitutional 
symptoms along with chest, back, or abdominal pain. When associated with  ret-
roperitoneal fi brosis   it can cause ureteral obstruction and subsequent renal 
failure. 

 Idiopathic  infl ammatory   aortic aneurysms appear as fusiform dilatation with 
thick aortic wall and a signifi cant amount of perianeurysmal soft tissue (hypo- 
attenuating mass) sparing the posterior wall (Fig.  33.1 ). Contrast enhanced CT 
has a sensitivity and specifi city of 83 and 100 % respectively when making the 
diagnosis [ 33 ]. Pre-operative evaluation  with   PET and MR imaging is important 
to assess the extent of infl ammation and adhesions of the aneurysm with the sur-
rounding tissue to avoid injury of the surrounding structure during surgery [ 20 ]. 
In chronic peri- aortitis  ,  CTA   will reveal irregular aortic wall thickening with 
dense adhesions and soft tissue mass surrounding the aorta causing stenosis [ 20 ]. 
The most common  CTA   fi ndings of periaortic  retroperitoneal fi brosis   is dense 
homogeneous soft tissue plaque surrounding the abdominal aorta without dis-
placement of adjacent structures [ 19 ].   

   7.    Lastly,  radiation induced arteritis   is a rare complication of high-dose radiation 
therapy. It may manifest 5 years or more after radiation exposure. Affected ves-
sel confi ned to the radiation fi eld may develop stenosis, thrombosis, pseudo- 
aneurysm, rupture or calcifi cation (Fig.  33.9 ) [ 18 ].

  Fig. 33.9    CT Angiogram 
of the right upper extremity 
in a 46 year-old female 
after radiation therapy for 
breast cancer. Stenosis of 
the right subclavian 
( arrow ) as well as smooth 
narrowing of the axillary 
artery ( arrowhead ) typical 
of radiation arteritis. 
Notice the lack of 
atherosclerotic calcifi cation 
in the vessels       
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33.8             Vasculitis Mimics   

 Accurate knowledge of imaging studies is vital to identify mimics of vasculitis 
(Table  33.3 ). Accurate diagnosis often requires imaging interpretation along with 
clinical fi ndings and laboratory results. CT fi ndings will point to vasculitis if the 
affected vessels wall appears symmetric, long with smooth stenosis and marked 
increase in vessel wall thickening which is also concentric in nature. On the other 
hand, the vessel wall appearance in atherosclerosis is typically asymmetric, with 
patchy lesions, associated with calcifi cations and if wall thickening is present, it 
appears eccentric rather than concentric [ 56 ]. In addition, an increased FDG uptake 
 by   PET scan favors vasculitis over atherosclerosis, although this has to be consid-
ered in the clinical context as often atherosclerosis will have underlying infl amma-
tion, thereby resulting in FDG uptake.

    Fibromuscular dysplasia   can also  be   confused with vasculitis. The most common 
form of FMD i.e. multifocal type will have multiple narrowings along a segment of 
artery appearing like an irregular “string of beads” with no evidence of vessel wall 
infl ammation in the form of thickening (Fig.  33.10 ) [ 75 ]. Standing waves, which is 
concentric narrowing of the vessels likely from vasospasm, is typically seen after 
angiogram and can be differentiated by its lack of other vasculitic features and lack 
of reproducibility [ 51 ,  74 ]. Lastly, connective tissue disorders such as  Ehlers-Danlos 
Syndrome  , and Marfan’s syndrome should be properly differentiated. They often 
will have dissections, aneurysms and tortuosity in the arteries similar to vasculitis; 
however they will lack vessel wall thickening and infl ammation. Often these patients 
have very characteristic clinical fi ndings which should  be   taken into account [ 76 ].

33.9        Summary 

 Vasculitis is a heterogeneous group of diseases characterized by non-specifi c clini-
cal symptoms, often non-contributory physical exam and frequently non-specifi c 
shared laboratory fi ndings, all of which contribute to a complex diagnostic process. 
A number  of   imaging techniques are now available to the clinician, and selection of 

   Table 33.3    Mimics of vasculitis on imaging   

 1.  Connective tissue disorders such as  Marfan’s syndrome  ,  Ehlers-Danlos syndrome  , 
Loeys-Dietz syndrome 

 2.  Atherosclerosis 
 3.  Anti-phospholipid antibody syndrome 
 4.  Cholesterol embolization syndrome 
 5.  Vasospastic disease such as Raynaud’s disease 
 6.  Moyamoya 
 7.  Fibromuscular dysplasia 
 8.  Standing waves 
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the most appropriate imaging study is paramount to aid in proper and early diagno-
sis. Imaging, particularly the cross- sectional   imaging techniques such as  CTA   and 
 MRI  , also play a role in monitoring disease extent and activity and to assess for 
complications of vasculitis. Pending further studies, imaging can be potentially uti-
lized to monitor therapy and predict treatment outcomes.     
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    Chapter 34   
 Therapeutic Use of Biologic Agents 
in Systemic Vasculitides                     

     John     Anthonypillai      and     Julian     L.     Ambrus Jr.       

    Abstract     Treatment of aggressive small, medium and large vessel vasculitides has 
relied on various chemotherapeutic agents, such as cyclophosphamide and metho-
trexate, that are generally effective but carry various risks for side effects. In an 
effort to develop safer forms of therapies for these disorders, various biological 
agents blocking particular lymphoid subpopulations and cytokines have been evalu-
ated. This manuscript reviews the results of these investigations. As of now, no 
biological agents are yet the gold standard for treatment of any form of vasculitis, 
although they likely have roles in the treatment of particular patients.  

34.1       Introduction 

  Vasculitides  are   diseases in which immunological injury to blood vessels leads to 
different degrees and types of organ dysfunction. Vasculitides are divided based on 
the size of the blood vessels involved and nature of the disease. In the past,    gluco-
corticoids,  cyclophosphamide  ,  azathioprine  , and  methotrexate   have been used for 
induction and maintenance therapy for medium and large vessel vasculitides. Due 
to side effects from these therapies, biologic agents have been developed and stud-
ied as potential alternatives. Biologic agents have been studied in the treatment of 
 Takayasu’s Arteritis   (TAK),  cryoglobulinemic vasculitis  , Behçet’s disease, and 
ANCA associated vasculitis (AAV)   . Current targets for biologics are B cells, T 
cells, and cytokines.  
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34.2     B Cell Targets 

 B cells are involved in the pathophysiology of a variety of small and medium vessel 
vasculitis [ 1 ,  2 ]. B cell activity has been associated with disease activity in polyan-
gitis with granulomatosis ( GPA  ). B cells are also found in the infl ammatory infi l-
trates in ANCA-associated vasculitides (AAV)    [ 2 – 4 ]. Regulatory B cells which 
play a role in immunosuppression were found to be decreased in active  AAV   [ 5 ]. 
 Memory B cells   are central to the pathophysiology of both GPA  and   microscopic 
polyangiitis [ 4 ].  Cyclophosphamide   which is used to treat polyangitis with granulo-
matosis ( GPA  / Wegener’s  granulomatosis  ) works by eliminating  memory B cells   
[ 6 ,  7 ]. 

 In  Takayasu’s Arteritis   (TAK), B cells were found in the aorta  and   anti- endothelial 
cell antibodies were found in patient sera [ 8 – 10 ]. A recent study showed that patients 
with active TAK have higher amounts of circulating plasmablasts and  memory B 
cells   compared to patients with inactive TAK or without TAK [ 8 ]. 

 In regards to vasculitides,  Rituximab   and  Belimumab   are the main therapies 
being studied that target B cells.  Rituximab   binds CD20 and stimulates Fc γ RIIB, 
while  Belimumab   blocks  the   BAFF/BAFFR interaction. 

34.2.1      Rituximab   

  Rituximab   is an anti-CD20 monoclonal antibody. CD20 is a surface antigen 
expressed on both mature and immature B cells. However, it is not expressed on 
lymphoid progenitors in the bone marrow that allows for B cells to repopulate fol-
lowing  Rituximab   therapy [ 11 – 14 ]. 

 Several studies were done to evaluate induction of remission in new and relaps-
ing patients with  AAV  . These studies are:  Rituximab   in ANCA-associated Vasculitis 
(RAVE),  Rituximab   versus  cyclophosphamide   in ANCA-associated Renal Vasculitis 
(RITUXVAS), and Maintenance of Remission using  Rituximab   in Systemic ANCA- 
associated Vasculitis (MAINRITSAN). 

 The RAVE study was a multi-centered, randomized, double blind trial that com-
pared  Rituximab    and   glucocorticoid therapy vs  cyclophosphamide    and   glucocorti-
coid therapy for remission induction for patients with  AAV  .  Rituximab   was dosed at 
375 mg/m 2  of body surface weekly infusions for 4 weeks compared with oral  cyclo-
phosphamide   dosed at 2 mg per Kg of body weight per day. This study concluded 
that  Rituximab   was not inferior to daily  cyclophosphamide   for induction of remis-
sion in severe  AAV   and may be superior for relapses. There was also no signifi cant 
difference in adverse reactions between the two regimens [ 15 ]. 

 The RAVE trial follow- up showed that a course of  Rituximab   was not inferior 
compared to  cyclophosphamide   for induction and remission maintenance over the 
course of 18 months. Relapses were observed after 6–12 months after a single 
 Rituximab   course and was correlated with B cell numbers returning to their  baseline. 
A fi xed interval treatment at every 6 months of 1 g of  Rituximab   for a total of 
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2 years was associated with a reduction in relapse and longer periods of remission. 
After the 2-year period ends, cessation of treatment may be considered [ 16 – 18 ]. 
Other studies have also supported this fi nding that relapse risk decreases with repeat 
dosing of  Rituximab   based on time-based treatment, B cells returning to normal, or 
an increase in serum ANCA titers [ 16 ,  19 ,  20 ]. 

 The RITUXVAS trial was an open-label, two-group, parallel design, randomized 
trial.  Rituximab   was dosed at 375 mg/m 2  of body surface area per week for 4 weeks. 
The  Rituximab   group also received  standard   glucocorticoid therapy along with 
 cyclophosphamide   pulses. This was compared to the control groups that was given 
 standard   glucocorticoid therapy with IV  cyclophosphamide   for 3–6 months fol-
lowed by  azathioprine  . Both therapies showed similar results in terms of mainte-
nance of clinical remission. It was concluded that the  Rituximab   regimen was not 
associated with a reduction of adverse events and was not superior to IV  cyclophos-
phamide   for severe  AAV   [ 21 ]. A 2 year follow-up study for this trial was completed 
which showed that a rituximab-based induction regimen without maintenance ther-
apy and a  cyclophosphamide   induction regimen with  azathioprine   maintenance 
therapy had similar outcomes in adverse effects and complications of  AAV  . In the 
 Rituximab   groups, relapse was correlated with increases in B cells and ANCA tit-
ters. This study showed  Rituximab   based regimens offer an alternative to standard 
treatments [ 22 ]. 

 Maintenance of Remission using  Rituximab   in Systemic ANCA-associated 
Vasculitis (MAINRITSAN) was funded by the French Ministry of Health. It com-
pared  Rituximab   to  azathioprine   for maintenance therapy. This was a randomized 
controlled prospective trial that compared a maintenance therapy of 500 mg of 
 rituximab   twice during the fi rst month and then every 6 months till 18 months to 
daily  azathioprine   for 22 months. It was concluded that  rituximab   reduced the fre-
quency of  AAV   relapses compared to  azathioprine   without signifi cant differences in 
severe adverse events in both treatment groups. Thus, concluding that  rituximab   
is superior for maintenance therapy, which also has been shown in other studies [ 23 , 
 24 ]. RITAZAREM is an ongoing trial aiming to evaluate  rituximab   as maintenance 
therapy (ClinicalTrials.gov Identifi er NCT01697267). 

 In addition to maintenance therapy,  Rituximab   may be used as an induction ther-
apy for newly diagnosed severe  GPA   or  MPA   as recommended by the American 
College of Rheumatology where  cyclophosphamide   is indicated but not preferable 
in certain patients such as young women at risk of ovarian failure.  Rituximab   may 
also be used to treat  GPA   or  MPA   that is refractory to other immunosuppressant 
medications [ 25 – 27 ]. It has also been shown to be effective for treating  AAV   in 
patients with severe renal disease [ 28 ]. 

 It is important to note for  GPA  , daily  cyclophosphamide   therapy given for 1 year 
post remission is the only treatment known to  eliminate   memory B cells involved in 
 GPA   pathology. Rituximab kills mature B cells but not memory cells. Future safer 
alternatives for  GPA   therapy would need to  target   memory B cells [ 18 ]. Furthermore, 
some of the trials in  GPA   compared  rituximab   to monthly IV  cyclophosphamide  , 
which was shown previously to be inferior to daily  cyclophosphamide  , given in 
doses to keep the total WBC between 3 and 4000/mm 3 , in inducing and maintaining 
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remission in  GPA   [ 29 ]. Daily  cyclophosphamide   is still the gold standard for the 
management of  GPA   and other  AAV  . 

 In regards to Hepatitis C virus (HCV)-associated cryoglobulinemic  vasculitis      
(CV), which is a systemic vasculitis triggered by HCV, several studies have evalu-
ated the use of  rituximab   to induce remission in CV.  Rituximab   is shown to be well 
tolerated and effective in treating patients with CV. It was shown to work on patients 
who failed antiviral treatment and can be used as mono-therapy for severe CV [ 30 , 
 31 ]. In addition, it appears useful for long term management of CV when given dur-
ing relapses [ 32 ]. HCV-associated  mixed cryoglobulinemia   (MC) is another sys-
temic vasculitis that is also thought to be triggered by HCV. Treatment is usually 
with antivirals and Peg-interferon (IFN)/ ribavirin   combination, which has been 
shown to be effective treatment for this condition. However, Peg-interferon 
(IFN)/ ribavirin   with  rituximab   was shown to be superior to Peg-interferon 
(IFN)/ ribavirin   alone [ 33 ]. Several cases, however, have been reported that patients 
being treated for HCV associated MC developed severe systemic reactions such as 
serum sickness and severe fl are of MC vasculitis within days of a  rituximab   infu-
sion. This is thought to be due to  rituximab   forming a complex with IgM kappa 
mixed cryoglobulin. Thus, it is important to administer  rituximab   with caution [ 34 ]. 

 Several case reports have shown  Takayasu’s arteritis   (TAK) to be responsive to 
 rituximab   when prior therapy with multiple immunosuppressive agents have failed 
[ 8 ,  35 – 37 ]. A properly designed study needing more patients, longer follow-up, and 
treatment response details is needed to evaluate  rituximab   as a treatment for TAK. At 
the same time, TAK represents many different diseases that are variable in different 
parts of the world and with different ethnic groups [ 38 – 40 ]. Furthermore, since 
vascular damage requiring surgical repair does not improve with resolution of 
infl ammation in TAK, it would be hard to evaluate the response to therapy [ 18 ,  41 ]. 

 For Churg-Strauss, also known as eosinophilic granulomatosis with  polyangiitis   
(EGPA),  rituximab   is not currently recommended as a treatment for either induction 
or maintenance therapy due to lack of clinical trial data. Several cases show positive 
responses to  rituximab   in refractory EGPA [ 25 ,  42 ,  43 ]. There is also some evidence 
that  rituximab   may be effective in  treating   Behçet’s disease refractory to traditional 
treatments [ 44 – 46 ] and urticarial  vasculitis   [ 47 ]. 

 The B cell depletion induced by  Rituximab   is generally well tolerated. Prolonged 
hypogammaglobulinemia may result in some patients who have B cell depletion 
longer than 6 months [ 18 ]. Of concern regarding the use of  rituximab   in vasculitis 
is the fact that  rituximab   does not  eliminate   memory B cells, which are the driving 
force in  AAV   as well as various other forms of vasculitis [ 48 ,  49 ]. Since  rituximab   
is an immunosuppressive agent, there is an increased risk of opportunistic infec-
tions. Progressive multifocal  leukoencephalopathy   has been reported in patients 
treated with  rituximab   [ 50 ]. There are also risks of infusion-related adverse events 
such as rashes, myalgia, fevers whose risks can be reduced with administration of 
paracetamol, anti-histamines, and corticosteroid pre-medications. Also to consider 
allergic and anaphylactic reactions to the medication [ 25 ].  

J. Anthonypillai and J.L. Ambrus Jr.



411

34.2.2     Belimumab 

  Belimumab   is an  anti  -B cell activating factor (BAFF) monoclonal antibody.    BAFF 
is a survival signal for B cells and is elevated in  GPA   [ 51 ].    BAFF is present on 
plasma cells and on other B cells at various stages of development. In vivo blockade 
 of   BAFF resulted in loss on naïve and transitional B cells in clinical trials [ 52 ]. 
 Belimumab   is approved as a treatment for Systemic Lupus Erythematous (SLE) and 
studies have been done evaluating it as a treatment for Sjögren’s syndrome [ 53 ,  54 ]. 
The safety profi le of  Belimumab   is very good. A study done accessing long-term 
safety profi le showed that the most common adverse effects were arthralgia, upper 
respiratory tract infection, headache, fatigue, and nausea and serious infusion reac-
tions were rare [ 55 ,  56 ]. There is an ongoing study,  Belimumab   in Remission of 
Vasculitis (BREVAS) (ClinicalTrials.gov Identifi er NCT01663623) that aims to 
study  belimumab   in patients with  AAV  .   

34.3     T Cell Targets 

 T cells can be found in infl ammatory infi ltrates of TAK and other vasculitides [ 39 , 
 57 ]. In addition, impairment of T cells such as regulatory T cells have been reported 
in  AAV  , and  T cell tubulitis   was shown to be an independent predictor of renal out-
come in sub-analysis of the RITUXVAS trial, which may be due to renal CVM 
infection correlating with  T cell tubulitis   [ 58 ,  59 ]. T cells are targeted by depleting 
T cells or by inhibition of co-stimulation [ 18 ]. 

34.3.1     Abatacept 

  Abatacept   is a fusion protein of CTLA-4 and the Fc region of IgG. It works by 
inhibiting the B7-CD28 interaction by binding B7 on antigen presenting cells, thus 
blocking co-stimulation and preventing T cell activation. It is approved of for use in 
rheumatoid arthritis (RA) and there have been studies evaluating its effi cacy in RA 
[ 60 – 63 ]. In regards to  GPA  , there is an open-label pilot study that evaluated 
 Abatacept   in patients with relapsing but non severe  GPA  . The study showed that 
 Abatacept   was well tolerated and led to disease remission in a high percentage of 
patients. Thus,  Abatacept   warrants further study as a treatment option for patients 
who have non-severe relapsing  GPA   [ 64 ].  
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34.3.2     Alemtuzumab 

  Alemtuzumab   is a monoclonal antibody that binds CD52, which is present on T and 
B-lymphocytes and macrophages. This results in reduction of lymphocytes and 
macrophages. It has been used to treat chronic lymphocytic leukemia (CLL), T cell 
lymphoma, and multiple sclerosis [ 65 – 69 ]. A 5-year follow-up study of patients 
with relapsing/refractory  AAV   treated with  Alemtuzumab   showed that it induced 
remission in most patients, but relapse and adverse events were common during the 
follow up period [ 70 ].  

34.3.3     Daclizumab 

  Daclizumab   is an anti-CD25 monoclonal antibody. It binds to the alpha subunit of 
the IL-2 receptor and inhibits T cell activation by IL-2. IL-2 is a survival and matu-
ration cytokine for T and B cells.  Daclizumab   has been used for preventing trans-
plant rejection in solid organ transplantation, treating graft versus host disease, and 
multiple sclerosis [ 71 – 74 ]. A study was also done to evaluate  Daclizumab    in 
  Behçet’s disease that concluded that  Daclizumab   was no better than placebo [ 75 ]. A 
study titled   Daclizumab     to Treat Wegener’s Granulomatosis  was started in 2002. 
Results have not yet been reported (ClinicalTrials.gov Identifi er NCT00040248).   

34.4     Anti-cytokine Therapies 

 TNF-α, IL-6, and IL-1β are the primary cytokines targeted in vasculitides, due to the 
role they play in the disease process. TNF-α is a critical cytokine for granuloma 
formation and was fi rst studied in  GPA   due to its nature as a granulomatous disease 
[ 76 ]. TNF-α has a number of actions which include stimulating macrophages to 
secrete IL-12 and IL-18. In TAK, giant cells and granulomas are found in the vascu-
lar lesions, thus allowing a role  for    TNF   inhibitors [ 77 ]. Increased levels of TNF-α 
are seen in patients with Behçet’s disease that have active disease [ 78 ,  79 ]. IL-6 is 
an infl ammatory cytokine that drives the TH-17 pathway and induces B cell matura-
tion to plasma cells [ 80 ]. IL-1β is another infl ammatory cytokine which plays a role 
in  cyropyrin   mediated periodic syndromes and may be associated with urticaria and 
urticarial  vasculitis   [ 81 ]. 

34.4.1     TNF Inhibitors:  Infl iximab  ,  Etanercept  , Adalimumab 

 In TAK, Infl iximab has been studied in 100 patients during various stages of the 
disease [ 82 – 86 ]. A study by Quartuccio et al. [ 85 ] evaluated long term effi cacy and 
quality of life improvement for TAK patients treated with  Infl iximab  . Long term 
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follow up for the 15 patients studied was 71 +/− 44 months. This study showed long 
term clinical improvement along with a reduction of steroid doses needed to treat 
the patients. Similar results have been replicated in other studies [ 87 ]. However, the 
stage of disease where  Infl iximab   should started has not been well studied. The case 
series that showed the lowest relapse rate in the current literature was also the study 
where  Infl iximab   was started after a short period of the disease (average of 16 
months) [ 86 ], thus suggesting earlier intervention may lead to better outcomes. A 
review of 84 patients by Comarmond et al. showed that 90 % of patients responded 
to  TNF   inhibitors; 37 % of the sample had a complete remission, while 53.5 % had 
a partial remission. Steroids were able to be discontinued in 40 % of the patients 
[ 82 ].  TNF   inhibitors, such as  infl iximab   and  adalimumab  , may be an alternative 
TAK treatment for disease that is refractory to traditional treatment [ 82 ,  88 – 93 ]. 
Interestingly, in patients without TAK but other immunological disease such as 
rheumatoid arthritis and spondylo-arthropathy that are being treated with  TNF   
inhibitors, there have been cases developing TAK after starting anti-TNF therapy 
[ 83 ,  94 ]. 

 TNF-α has also been found to be associated to pathogenesis in  AAV  , especially 
in  GPA   [ 95 ,  96 ]. The evidence however shows mixed results. There are a few studies 
that show the TNF inhibitor  infl iximab   and  adalimumab   can induce remission of 
 AAV   and allow a reduction in steroid doses needed for treatment [ 97 – 99 ]. However, 
with  Etanercept  , a randomized, placebo controlled study involving 180 patients, 
carried out by the Etanercerpt Trial Group, showed that the addition of  Etanercept   
to standard treatment was no better than placebo in maintaining remission in patients 
with  GPA   [ 100 ].  Adalimumab   was also shown to be no better than standard therapy 
in maintaining remission in a randomized controlled trial evaluating its use  in   giant 
cell arteritis (GCA) [ 101 ,  102 ]. More studies are needed to better evaluate the role 
of  TNF   inhibitors in  AAV  . 

 There also have been some studies evaluating TNF inhibitors in Behçet’s disease. 
A multicenter study involving 124 patients with refractory  uveitis   due  to   Behçet’s 
disease evaluated  Infl iximab   and  Adalimumab  . Overall, the response rate (including 
partial and complete) was 90 % and no signifi cant difference was found between 
using the anti- TNF   agents as mono-therapy or in addition with other immunosup-
pressive agents. Anti-TNF agents reduced the dose of steroids required to control 
the disease. Effi cacy of the TNF inhibitors was similar between  Infl iximab   and 
 Adalimumab   [ 103 ]. The 1-year follow up showed that 2/3 of the  TNF  -inhibitor- 
treated patients remained in remission [ 104 ]. An analysis of published data of 369 
patients with Behçet’s disease treated with TNF-inhibitors concluded that there is 
enough published experience to indicate that  TNF  -inhibitors are a therapeutic 
advancement for patients refractory to standard Behçet’s treatment regimens [ 105 ]. 

 In general, TNF-inhibitors are not curative treatments and, when stopped after 
remission, relapses are common. Given the positive response to anti- TNF   agents, 
prospective, randomized controlled studies on anti-TNF agents are warranted.  
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34.4.2     Anti-IL6-Tocilizumab 

  Tocilizumab   is a recombinant, humanized monoclonal antibody against the IL-6 
receptor. It works by IL-6 attachment to the receptor, thus preventing further signal-
ing down the pathway [ 106 ]. In patients with TAK, IL-6 is found in aortic tissue 
samples and sera. It also correlates with disease activity. IL-6 is also involved in the 
normal response to infection and it has been hypothesized that TAK may be due to 
an unusual genetically programed response to certain infections [ 107 ,  108 ]. 

 Quite a few case reports and case series have documented the effi cacy of 
 Tocilizumab   in TAK. Unizony et al. summarized cases of 9 patients who responded 
to  Tocilizumab   with one patient relapsing on the medication [ 109 ]. Abisror et al. 
reviewed a total of 44 cases with 75 % responding to  Tocilizumab   and allowed early 
steroid tapering [ 110 ]. Several other case series support this fi nding of  Tocilizumab   
as an effective agent in refractory TAK, with reduction in steroid treatment course 
[ 111 – 113 ]. However, Goel et al. reviewed a total of 10 cases where 8 patients had 
relapse of disease after a  Tocilizumab   treatment was stopped. These patients had a 
total of 6 infusions as part of their treatment course [ 114 ]. A case report has also 
documented  Tocilizumab   effi cacy in a pediatric patient [ 115 ]. 

 Compared to TAK, there has not been much documented evidence of  Tocilizumab   
effi cacy in  AAV  . In vitro studies have shown that in  AAV  , there is ANCA induced 
production of IL-6. A 12-month treatment course with  Tocilizumab   normalized IL-6 
levels and resulted in disease remission in a patient with microscopic polyangitis 
( MPA  ) [ 116 ,  117 ]. Two cases have been reported where  Tocilizumab   was effective 
in treating  AAV   resistant to standard treatments [ 118 ,  119 ]. Further data is needed, 
before a recommendation on  Tocilizumab   use in  AAV   can be made. 

 There have also been a number of case reports regarding  Tocilizumab   use  in 
  Behçet’s disease (BD). Quite a few reports have documented  Tocilizumab   being 
effective in inducing remission in BD refractory to standard treatments. These cases 
have also shown  Tocilizumab   allows steroid reduction in the patients’ treatment 
course [ 120 – 122 ]. However, most cases saw reduction/elimination of patients’ neu-
rological symptoms. The effect on muco-cutaneous symptoms was questionable. 
Cases have been documented in which  Tocilizumab   has not been effective in treat-
ing muco-cutaneous symptoms of BD [ 123 ]. 

  For   Giant cell arteritis (GCA), there have been a number of case reports docu-
menting the effi cacy of  Tocilizumab   in refractory GCA. These cases also report 
steroid sparing effects on  Tocilizumab   therapy in GCA [ 124 – 128 ]. Currently, there 
is a proposed multicenter, randomized, double-blind, and placebo-controlled study 
(GiACTA) designed to test the ability of  Tocilizumab   (TCZ) to maintain disease 
remission in GCA patients [ 129 ]. Ongoing studies include  Tocilizumab   for Patients 
 with   Giant Cell Arteritis (ClinicalTrials.gov Identifi er: NCT01450137) and Study 
of RoActemra/Actemra ( Tocilizumab  ) in Patients  with   Giant Cell Arteritis 
(ClinicalTrials.gov Identifi er: NCT01791153). Both studies are currently recruiting 
participants.  
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34.4.3     Anti-IL-1β-Canakinumab 

  Canakinumab   is a monoclonal anti-IL-1β antibody used as a treatment for  cyropyrin   
mediated periodic syndrome for which IL-1β plays a role its pathogenesis. This 
syndrome may be associated with urticaria and urticarial  vasculitis   [ 130 ]. For urti-
carial  vasculitis  , an open label study involving ten patients who received a single 
dose of  Canakinumab   showed improvement in their urticarial  vasculitis  -associated 
symptoms [ 131 ]. There are also series of cases reporting that  Canakinumab   is effec-
tive in  treating   Behçet’s disease refractory to standard treatment [ 132 – 134 ]. Further 
studies are needed to evaluate  Canakinumab  ’s role in these conditions.  

34.4.4     Anti-IL-5-Mepolizumab 

 IL-5 is a cytokine that plays a role in eosinophilic development and migration. 
 Mepolizumab   has been shown to be effective in treating eosinophilic asthma [ 135 , 
 136 ].  Mepolizumab   has been used as treatment for eosinophilic granulomatosis 
with polyangitis ( EGPA  /Churg Strauss syndrome). One study involving seven 
patients showed that  Mepolizumab   was effective in inducing remission and reduc-
ing steroid dose. However, once  Mepolizumab   was discontinued, the patients 
relapsed and needed additional steroid treatments to control their disease [ 137 ]. 
This fi nding was also supported by another study involving nine patients, who 
received nine infusions of  Mepolizumab   and then switched to  methotrexate  . The 
patients were observed for a total of 22 months. The outcome they found was that, 
once patients were switched to  methotrexate  , relapses of disease occurred [ 138 ]. A 
case study describing a sustained response to  Mepolizumab   was able to prevent 
relapses with continuous monthly doses of  Mepolizumab   [ 139 ]. Thus, these reports 
suggest  Mepolizumab   may only be effective with continuous treatment. There is 
also a possibility that IL-5 is a downstream mediator of pathogenesis in  EGPA   and 
blocking it may not prevent relapses [ 18 ].   

34.5     Conclusion 

 Given that multiple studies involving biologics in vasculitides have been done, none 
of the medications discussed here have been associated with complete maintenance 
of remission after initial therapy. The goal of using biologics as opposed to standard 
therapy is to reduce adverse effects associated with the medications of standard 
therapy. However, biologics may also come with their own risk of other adverse 
effects that is their major limiting factor for their use. Further long-term studies are 
needed to better understand the safety profi le and effectiveness of biologics in the 
treatment of vasculitides. At the current time, no biological agent is yet considered 
the gold standard therapy for any type of vasculitis.      
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    Chapter 35   
 Treatment of ANCA-Associated Vasculitides                     

     Loïc     Guillevin    

    Abstract     ANCA-associated vasculitis (AAV) covers a group of systemic necrotiz-
ing vasculitides characterized by infl ammation of small vessels, some with granu-
loma, and associated with autoantibodies to neutrophil cytoplasmic proteases 
(proteinase-3 or myeloperoxidase). Potentially lethal if not promptly diagnosed and 
treated, AAV in most patients can be induced into remission with the current treat-
ment modalities. However, the risk of relapse remains high, necessitating prolonged 
immunosuppressive maintenance therapy, whose optimal duration remains undeter-
mined. Herein, we review those treatment modalities for AAV. The fi ndings of most 
important and recently completed therapeutic studies, including those on rituximab 
for maintenance, are summarized.  

  Keywords     ANCA-associated vasculitides   •   Granulomatosis with polyangiitis   • 
  Rituximab   •   Cyclophosphamide   •   Glucocorticoids   •   Treatment  

   ANCA-associated vasculitides ( AAV  ) are characterized by infl ammation of small 
vessels and  fi brinoid necrosis   of the media, and are typically associated, for most 
patients, with circulating autoantibodies to neutrophil cytoplasmic proteases, mainly 
proteinase-3 ( PR3-ANCA  ), a cationic proteolytic enzyme physiologically present 
in neutrophil cytoplasmic granules, in granulomatosis with  polyangiitis   (Wegener’s) 
(GPA), and primarily myeloperoxidase (   MPO-ANCA)  in   microscopic polyangiitis 
(MPA). This group comprises three diseases: GPA, MPA and eosinophilic granulo-
matosis with  polyangiitis   (Churg–Strauss) (EGPA). 

  GPA   is rare, with an estimated annual incidence of 2–12 cases/million inhabit-
ants and prevalence of 23–160 cases/million inhabitants [ 1 ,  2 ]. Most patients are 
white (Caucasian or Hispanics).  MPA   incidence was estimated at 3.6/million 
 inhabitants in England [ 3 ]. In France, prevalences per million inhabitants were 25.1 
for  MPA  , 23.7 for  GPA   and 10.7 for  EGPA   [ 4 ]. 
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  GPA   mainly affects adults 45–60 years old, but can also occur in young children 
or the elderly [ 1 ,  2 ], while  MPA   usually develops in older patients [ 5 ] and  EGPA   in 
younger patients [ 6 ]. Treatment modalities achieve remission in most patients. 
However, the risk of relapse is high and remission-maintenance therapy, whose 
optimal duration remains undetermined, requires more effective treatments. 

35.1     Therapeutic Strategies 

 Before the advent  of   glu cocorticoids (GC), and then of other immunosuppressants, 
AAV prognoses were very poor. Most patients died without available treatment, 
especially those with systemic disease. Currently used treatments can obtain remis-
sion in more than 80 % of the patients, with the 5-year overall mortality rate at 
10–15 % [ 6 ,  7 ]. The main causes of deaths are infections and poor disease control 
during the fi rst year post-diagnosis and cardiovascular complications, infections or 
cancers thereafter [ 8 ]. 

 The risk of relapse, sometimes multiple in a given patient, remains a main AAV 
feature. Relapses are more frequent in  GPA   than  MPA   or  EGPA  , with 5-year relapse 
rates ranging from 35 % ( EGPA  ) to 50 % (   GPA). 

 Treatment should be adapted to the entity, severity and risk of relapse. Based on 
the prognostic Five-Factor Score (FFS) [ 9 ], treatment options have been designed to 
fi nd the most effective regimen with the least side effects. Only  MPA   and  EGPA   are 
concerned because it is now known  that   GPA must be treated with GC and an immu-
nosuppressant. For  MPA   and  EGPA   patients with FFS = 0, GC alone can suffi ce to 
obtain and maintain remission. However, combining GC and an immunosuppres-
sant is mandatory when FFS ≥ 1.  

35.2     Induction Therapy 

 The remission-induction regimen combines GC and another immunosuppressant, 
 cyclophosphamide   or, in certain settings,  rituximab  . Although GC can rapidly atten-
uate symptoms, their prolonged use at high dose is also associated with a major risk 
of severe adverse events, e.g. infections, osteoporosis or diabetes. The initial GC 
dose is 1 mg/kg/day of prednisone-equivalent, sometimes preceded, for the most 
severely ill patients, by intravenous (IV) methylprednisolone pulses (7.5–15 mg/kg/
day) for 1–3 consecutive days. After the fi rst 2 weeks of treatment, rapid GC-dose 
tapering, by ~10 % every 2 weeks, should begin. Various GC-tapering protocols are 
used and the optimal administration duration is still being debated. In the United 
States, many centers consider it useless, and even dangerous, to exceed 6 months of 
GC [ 10 ]. Nonetheless, most clinicians still prescribe them for much longer, but at a 
low dose (5 mg/day), sometimes for over 2 years. Pertinently, the results of a meta- 
analysis of several AAV trials suggested that continuing low-dose GC beyond 6 or 
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12 months after the initial disease fl are could be associated with a lower subsequent 
risk of relapse [ 11 ]. 

 Combined GC and  cyclophosphamide   remains the conventional remission- 
induction regimen for the systemic forms of  GPA  ,  MPA   and  EGPA   with FFS ≥ 1. It 
achieves remission in most patients by 6 months [ 7 ,  12 ,  13 ].  Cyclophosphamide  , 
administered as IV pulses at regular intervals or daily orally intake, for 3–6 months 
is able to induce remission in most patients [ 14 ]. Pulse  cyclophosphamide   is infused 
every 15 days for 1 month (days 1, 15 and 30) at a dose of 0.6 g/m 2  or 15 mg/kg, 
then 0.7 g/m 2  or 15 mg/kg every 3 weeks [ 15 – 17 ]. Oral  cyclophosphamide   is pre-
scribed at 2 mg/kg/day. Although the two administration routes have comparable 
effi cacies to achieve remission, IV pulses are associated with fewer infections and 
less frequent neutropenia than continuous oral intake [ 15 – 17 ]. However, long-term 
follow-up (median, 4.3 years) data of patients enrolled in the prospective CYCLOPS 
trial, comparing continuous oral versus IV pulse  cyclophosphamide   for induction, 
suggested that the subsequent relapse rate after infusions was lower, probably 
because of the higher cumulative dose exposure during the 6 months of continuous 
oral intake [ 18 ]. 

 In addition to the risk of cytopenias and infections, other possible 
 cyclophosphamide  - associated adverse events include  hemorrhagic cystitis   (which 
can be limited with good hydration at the time of IV pulses), infertility and late 
bladder cancer, lymphoma or non-melanoma skin cancers [ 19 ,  20 ]. 

  Rituximab   is a chimeric anti-CD20 monoclonal antibody that targets and depletes 
B cells. It is a valid induction alternative to  cyclophosphamide   for adults with severe 
ANCA-positive  GPA   or  MPA   [ 12 ,  21 ], as it was found to be non-inferior to  cyclo-
phosphamide   to obtain remission at 6 months, when both were combined with GC. 
 Rituximab   tolerance was good in both trials, with similar infection rates for the 
conventional  cyclophosphamide  -based and experimental  rituximab  -based arms 
reported. Moreover, the 18-month follow-up analysis of the RAVE study [ 22 ] 
showed that their sustained remission rates continued to be similar, i.e., 30 % in 
each arm had already relapsed. 

 Deciding whether to prescribe  rituximab   or  cyclophosphamide   for induction 
should be based on several factors, including their price tags and some individual 
patient characteristics. For now,  rituximab  ’s main indication should probably remain 
limited to patients with contraindications to  cyclophosphamide  , with relapsing dis-
ease and/or who had already received high cumulative  cyclophosphamide   doses, or 
women of child-bearing age at risk for  cyclophosphamide  -induced infertility. The 
French Vasculitis Study Group recently published recommendations for  rituximab   
use [ 23 ]. The response to  rituximab   also appears to differ according to the  GPA   
form, with granulomatous manifestations responding more poorly and/or slowly 
than vasculitic ones [ 7 ]. 

 The  rituximab   dose is 375mg/m 2  infusions given at 1-week intervals for 3 weeks 
(4 × 375 mg/m 2 , total). Possible rituximab-related adverse events include infections 
(mostly upper respiratory tract infections), infusion-related reactions, 
 “immunoallergic”  interstitial pneumonitis  , late neutropenia and  hepatitis-B virus 
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reactivation   (in previously healthy and/or chronic carriers). Some patients who had 
received  rituximab   for other conditions developed progressive multifocal (JC virus) 
 leukoencephalopathy  .  

35.3     Maintenance Therapy 

 Once remission is achieved, treatment is switched to a maintenance regimen, to 
limit the risk of relapse. Maintenance therapy after  cyclophosphamide  -based induc-
tion is based on  azathioprine   (2–3 mg/kg/day, orally) or  methotrexate   (0.3 mg/kg/
week, orally or subcutaneously, up to a maximum of 25 mg/week) [ 13 ,  14 ]. Both 
drugs can cause some side effects (e.g., opportunistic infections, liver toxicity or 
myelosuppression), but much less frequently than  cyclophosphamide   [ 13 ]. However, 
despite  azathioprine   or  methotrexate   maintenance, the relapse rate remains around 
16 % at 18 months and continues to rise gradually thereafter: 37 % at 25 months, 
52 % at 32 months, and 51–64 % at 7 years [ 7 ], with relapse-free survival rates of 
49 % at 27 months and 42 % at 5 years [ 24 ]. 

    Lefl unomide or mycophenolate  mofetil  , also evaluated for maintenance, were 
equally or less effective at preventing relapses, respectively [ 25 ]. 

  Rituximab   can also be used for maintenance. A prospective trial compared  aza-
thioprine   (2 mg/kg/day until month 22) to fi xed-dose  rituximab   infusions (500 mg 
every 6 months for 18 months). At month 28, 29 % of the  azathioprine  -treated 
patients had relapsed versus only 5 % of those systematically given repeated  ritux-
imab   infusions (P = 0.02) [ 26 ]. Because remission induction based on  cyclophos-
phamide   or  rituximab   is equivalent in terms of effi cacy and safety, the same 
maintenance strategy, with systematic  rituximab   infusions, can probably be given to 
patients whose remissions were obtained with  rituximab   and GC. Whether 
 rituximab  - maintenance infusions could be administered as a function of  ANCA   sta-
tus or titer or B-cell repopulation, rather than at systematically scheduled intervals 
to all patients in remission, is currently being evaluated in the MAINRITSAN-2 
trial (ClinicalTrials.gov Identifi er: NCT0173156). 

 Importantly, despite all these gradual refi nements of maintenance-therapy strate-
gies, its optimal duration has not yet been defi nitively established. Especially for 
patients with the greatest risk(s) of relapse, other immunosuppressant(s) (e.g.,  aza-
thioprine   or repeated rituximab infusions) should be given for at least 18 months, if 
not much longer. 

 The relapse risk is higher for  PR3-ANCA  –positive  GPA   patients than those  with 
  MPO-ANCA, and for patients who previously relapsed, have lung and/or ENT dis-
ease manifestations than those with glomerulonephritis or without impaired renal 
function. Co-trimoxazole ( trimethoprim–sulfamethoxazole  ) cannot replace immu-
nosuppressive maintenance therapy, but prescribed at “high doses” (320 mg/1600 mg 
daily of trimethoprim/sulfamethoxazole), with or after the standard immunosup-
pressive regimen for  GPA  , can lower the relapse rate [ 27 ].  
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35.4     Treating Limited  GPA   Forms 

 It is possible to prescribe a “lighter” regimen for patients with localized and/or lim-
ited non-life–threatening  GPA  , primarily when only granulomatous ENT manifes-
tations are present. GC can obtain some attenuation in more than 50 % of them, but 
sustained remission is very rarely achieved. Because these forms are often recur-
rent, can be locally erosive and tend eventually to evolve into more generalized 
disease, it seems reasonable to treat them more systematically with a combined 
regimen of GC and an immunosuppressant, e.g.  methotrexate  . When  methotrexate   
is effective, it must be continued for several years.  

35.5     Treating Relapses, Refractory Disease and Other 
Agents 

 Relapses while on maintenance therapy or when immunosuppressants are no longer 
being taken could be treated according to the same remission-induction strategies 
described above or with  rituximab   [ 12 ]. 

 Treating subglottic stenosis is also complex, especially because this manifesta-
tion can recur or worsen in the absence of other signs of active disease. Systemic 
agents, including GC,  cyclophosphamide   or  rituximab  , can be effective for about a 
third of these  GPA   patients. For most of the remaining two-thirds, whose chronic 
lesions are composed of  fi brotic scar   tissue, only local treatments, based on dila-
tions combined with local submucosal GC injections, provide some symptomatic 
relief. 

 Intravenous immunoglobulins have mostly been prescribed to treat refractory or 
relapsing  GPA  , with concurrent serious infections or contraindication(s) to receiv-
ing other immunosuppressants, during pregnancy for patients with active AAV. They 
are contraindicated when renal insuffi ciency is severe (creatinine clearance <30 ml/
min) [ 28 ]. 

 When severe rapidly progressive glomerulonephritis and/or alveolar hemorrhage 
are present,  plasma exchange  s are sometimes prescribed together with other 
remission- induction treatments. When renal impairment is severe (defi ned as oligu-
ria), necessitating dialysis, and/or serum creatinine exceeds 500 μmol/l,  plasma 
exchange  s contributed to improving renal function and recovery at 12 months, but 
these improvements were not sustained [ 29 ].      
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